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Abstract

The genetic variation among 28 varieties of cassava (Manihot esculenta L. Crantz), collected
from different parts of the Republic of Benin was determined using random amplified polymorphic
DNA (RAPD) markers. A set of ten primers out of the one hundred that were screened, detected
polymorphisms. Thirty-five cassava landraces from three countries of West Africa, along with five
improved varieties and one genetic stock (58308), were analysed using both microsatellite markers and
nine selected random primers which generated fifty-four polymorphic markers. Based on the unweighted
pair group method with arithmetic averages (UPGMA) and Principal Component Analysis (PCA), six
major groups of clusters were identified among the forty one genotypes. Clone 58308, the original
source of resistance to African Cassava Mosaic Disease (ACMD) in ITTA's cassava breeding program,
and TMS 30572, an improved cultivar derived from clone 58308, were found in the same cluster group.
All 34 of the landraces that are known to be resistant to ACMD were genetically distant from 58308
and TMS 30572. A diallel mating programme has been initiated to elucidate the genetics of these new
sources of resistance to ACMD and determine their complementarity as well as allellism for resistance.
A set of eight random primers for RAPD and two combinations of enzymes and specific primers for
AFLP were used to generate DNA fingerprinting of twenty varietal groups among the 32 described for
cultivated yams in the region. The results obtained confirm that a given varietal group is a mixture of
different genotypes. The molecular taxonomy of 30 accessions of cultivated yams, D. rotundata and D.
cayenensis, and 35 accessions of wild yams from Nigeria was established using RAPD and
microsatellite markers. The cultivated yams separated into two distinct groups corresponding to the two
species. D. rotundata genotypes showed relationship to the wild species D. abyssinica and D.
praehensilis, whereas D. cayenensis genotypes were related to the wild species D. burkilliana. HTA is
currently developing molecular markers to tag genes conferring resistance to major diseases and pests of
both cassava and yams. Molecular markers linked with these genes will then be used for marker assisted
selection.

1. INTRODUCTION

Cassava (Manihot esculenta Crantz) and yams (Dioscorea spp) constitute the mainstay
for millions of people world-wide particularly in the tropics. Production in Africa of the major
staples is constrained by pests and diseases such as African Cassava Mosaic Disease (ACMD),
cassava bacterial blight (CBB), cassava anthracnose disease (CAD), cassava green
mite(CGM), yam anthracnose, yam viruses and nematodes.

Improved cassava varieties bred by the International Institute of Tropical Agriculture
(IITA) and resistant to the ACMD and CBB have been adopted by many farmers in West and
Central Africa. These varieties have been derived from one source of resistance to ACMD
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(clone 58308). In the quest to diversify the sources of resistance, IITA has assembled several
African landraces of cassava which show tremendous variation for resistance to diseases and
pests. It is important to determine the genetic diversity and establish heterotic patterns among
this collection using new tools provided by molecular biology.

Over the years, IITA has assembled and conserved over 2800 accessions of yams
germplasm collected from West and Central Africa. In order to optimize the use of this
germplasm for yam improvement, it is important to characterize, evaluate and assess the
genetic diversity of the germplasm. Establishment of the phylogenetic relationships between
cultivated and wild yams will expand the gene pool available for yams improvement.

2. MATERIALS AND METHODS

2.1. Benin cassava germplasm

The cassava clones used in this study were collected from farmers' fields in at least
eleven locations in the southern part of the Republic of Benin (between latitudes 60N and 90N)
where cassava is cultivated. Twenty eight major varieties were selected based on
morphological differences and maintained in the screenhouse of the Germplasm Resources Unit
at the International Institute of Tropical Agriculture (ETA), Ibadan, Nigeria. DNA was
extracted from plants grown from stem cuttings in pots.

2.2. West African ACMD resistant landraces

DNA was extracted from forty-one genotypes of cassava comprising 35 local landraces
collected in Nigeria, Republic of Benin and Togo; five improved clones and one genetic stock
were grown in the experimental field of the Root and Tuber Improvement programme (TRIP),
IITA, Ibadan, Nigeria.

2.3. DNA isolation

DNA was isolated from five grams of young cassava leaves according to a modification
of Rogers and Bendich's method [1] as described by Tonukari etal. [2].

2.4. DNA amplification

DNA was diluted to the final concentration of lng/^1 and used for polymerase chain
reaction (PCR) amplification. Primers were 10-mer oligonucleotides purchased from Operon
Technologies (Alameda, CA, USA). Amplifications were performed in a Perkin- Elmer 9600
thermocycler using 25 ul of reaction mixture containing 50 mM KC1, 10 mM Tris-HCl (pH
9.0), 0.5% Tween-20, 3 mM MgCl2, 0.25 uM of each deoxyribonucleotide (dNTPs), 0.2uM of
random decamer primer, 5 ng of template DNA and 2 units of Taq DNA polymerase from
Promega Corporation (Madison, WL USA). The amplification profiles were an initial
denaturation step at 94°C for 3 min, followed by 45 cycles at 94°C for 1 min, 36°C for 1 min,
72°C for 2 min and finally at 72°C for 7 min. PCR amplification products were separated on
1.4% agarose gel and fragments were viewed under the ultra-violet transilluminator after
ethidium bromide staining. DNA fragments were scored as present (+) or absent (-) for each
genotype.
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2.5. Data analysis

The data were first subjected to principal component analysis (PCA) using the statistical
analysis system (SAS) [3]. The most informative randomly amplified polymorphic DNA
(RAPD) markers were then used to determine the genetic distance between each pair of
genotype according to Nei and Li [4]. The generated genetic distances were then used to draw
a dendrogram based on the complete clustering method of the computer software NTSYS-pc
package for numerical taxonomy and multivariate analysis version 1.8 [5].

2.6. Yam germplasm from West and Central Africa

Guinea yams {Dioscorea rotundata and D. cayenensis) accessions collected from Nigeria
(numbering 42), Benin Republic (67), Cameroon (79), Ghana (32), Togo (34), C™te d'lvoire
(81), Burkina -Faso (12), and Guinea Conakry (34) were planted in an experimental field in
Ibadan in a complete randomized block design. Morphological characters of the shoot at both
juvenile and adult stages were scored using the International Board for Plant Genetic
Resources (IBPGR) descriptor list [6]. Leaf extracts of each accession was analysed for four
isozyme systems (malate dehydrogenese (MDH), 6-phosphogluconate dehydrogenase (6-
PGD), shikimate dehydrogenase (SKDH) and phosphogluco-isomerase (PGI) using
polyacrylamide gel electrophoresis [7] and enzyme activity staining [8].

DNA was extracted and polymorphism was detected using RAPD technique according
to the method described by Mignouna et al.[9]. For AFLP fingerprinting, 0.5 ug of genomic
DNA was digested with a hexacutter (EcdKL) and a tetracutter (MseT) restriction enzyme and
site specific double stranded adapters were ligated to the restriction fragments. The gel analysis
was carried out as described by Vos et al.[10J. Thirty accessions of cultivated Guinea yams and
35 accessions of wild Dioscorea species collected from Nigeria were used in phylogenetic
studies.

3. RESULTS AND DISCUSSION

3.1. Diversity studies on Benin cassava germplasm

One hundred random oligonucleotide primers (Operon Technologies sets A, B, D, E and
O) were evaluated for their ability to prime PCR amplification of cassava genomic DNA. In a
preliminary survey, genomic DNA of two of the accessions, TMe 1900 and TMe 1921
collected from Ahingodo and Bante, respectively, were used as templates. Nineteen of the 100
primers were able to amplify the genomic DNA, giving reproducible RAPD amplification
patterns with individual fragments that stained intensely. Ten of these were chosen for the
whole experiment and used to amplify the DNA of the various accessions.

Ten informative oligonucleotide primers detected polymorphisms among the 28 cassava
accessions. The primers revealed a total of 78 clear and easily scorable bands twenty five
(32%) of which were polymorphic among the cassava accessions studied. The number of bands
per primer ranged from 6 to 12. The size of DNA bands that were produced in the PCR
reactions ranged from 300 to 2100 bp, but most of the bands were between 500 and 1000 bp.
None of the primers was specific for any of the accessions. However, primers OPE-03 and
OPE-04 produced 480 bp and 1200 bp bands, respectively, in TMe 1862 and TMe 2052 only.
Also a 920 bp band was generated in TMe 1876 and TMe 2052 only by primer OPF-01, while
a 900 bp band generated by OPO-20 was specific only to TMe 1918 and TMe 1921. Data from
the scores were subjected to unweighted pair group method with arithmetic averages
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(UPGMA) analysis. Jaccard's similarity coefficient ranged from 100% for the most closely
related accessions to approximately 40% for those most distantly related, with a mean of 69%.
With the PCR conditions tested, TMe 1876 showed the highest number of polymorphic bands
while TME 1906 showed the least. None of the primers could provide enough markers to
discriminate between all the cassava populations. Identical RAPD patterns using the ten
primers were observed for four pairs of the accessions; TMe 1900 and TMe 2055, TMe 1918
and TMe 1921, TMe 1972 and TMe 2056, and TMe 2059 and TMe 2066, having 100%
Jaccard's similarity coefficient in each case. Also, TMe 1937 and TMe 1951, as well as TMe
1906 and TMe 1911, showed 95% and 94% similarity respectively. The similarities between
accession TMe 2052 and accessions TMe 1906, TMe 1900 and TMe 2001 are 40%, 42% and
42% respectively. Based on the average cluster analysis, the overall genetic relationships
among the investigated accessions is illustrated in the dendrogram in Fig. 1. The accessions can
be categorised into 6 groups at 70% Jaccard's similarity coefficient level.
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FIG. 1. Average linkage cluster analysis of 28 Republic of Benin cassava accessions constructed from
a pair-wise comparison ofRAPDs between accessions by the Jaccard similarity index and UPGMA.



3.2. West African landraces resistant to ACMD

Nine random primers selected from a preliminary survey gave RAPD fragments ranging
in size from 300 bp to 2500 bp. The amplified fragment sizes generated in the analysis are
similar to those previously reported in cassava germplasm [11]. The number of amplified
fragments of the cassava germplasm varied according to the tested primers, the average
number being eight. Among the total of 74 amplified fragments, twenty were monomorphic
and were not considered in the statistical analysis. The remaining 54 polymorphic fragments
were used in principal component analysis and 31 were finally selected to effectively
discriminate the cassava genotypes.

The dendrogram constructed by hierarchical cluster analysis based on the genetic
distance is shown in Fig. 2. At the 60% similarity level, six groups of clusters could be easily
identified. The first group of clusters consisted of three landraces from Togo (Toma 378,
Toma 393 and Toma 26) and ten from Nigeria (Bidal, Tokunbo, Oko-Iyawo, Power,
Akinarinde, 2nd Agric, Bagi wawa, Abbey-Ife, Atu, and Lapai-1). In comparison to the
susceptible check, Isunikankiyan, with an ACMD severity score of four (l=no symptom, 5=
severe damage), the genotypes in this group of clusters were highly resistant to ACMD under
heavy infection pressure in the field at Ibadan and Ubiaja.. The second group of clusters,
genetically distant from the above group, consisted of seventeen genotypes: four from Togo
(Toma 37, Toma 75, Toma 76 and Cameroon); three from Benin (RB 92/0188, Cap 96064 and
Ben 86052); and ten from Nigeria comprising eight landraces (Ofege, Akano, MS 6, TME 1
(Antiota), MS 20, Obasanjo, Olekanga and Alice local). The grouping of the two improved
clones with TME 1 is not surprising as they are derivatives of open-pollinated seeds from the
landrace. The third group of clusters consisted of three genotypes. In this group, the genetic
stock, 58308, clustered with improved clones, TMS 30572 and TMS 92/0326. The resistance
to ACMD widely used in IITA's cassava breeding program was derived from 58308 which is
also a parent of TMS 30572. TMS 92/0326 was selected from progenies generated on an
isolated hybridization plot which had only TME 1 (Antiota) and TMS 30572. These genetic
similarities are in agreement with their pedigree relationships. The fourth group comprised five
genotypes: four from Benin ( RB 89/509, 92/0099, RB 92/0116 and RB 92/0123) and one
from Togo (Gbazekoute). The fifth group consisted of two genotypes: the landrace
Isunikankiyan from Ibadan, which has been used widely in the breeding program over the years
as an ACMD susceptible check and also a source of low cyanogenic potential and mealiness of
the boiled storage roots; and TMS 30001, a resistant improved clone. Previous research on the
genetics of ACMD resistance showed polygenic inheritance [12]. Therefore, the lack of a few
genes or some allelic forms of genes controlling resistance could have given rise to the
susceptible phenotype observed in the local variety Isunikankiyan which, though susceptible,
tolerates the disease. The sixth group consisted of a lone landrace from Nigeria which was very
resistant to ACMD.

The present study showed that several landraces are genetically distant from 58308 and
TMS 30572. Cassava, being an open-pollinated and heterozygous plant, recombines on
farmers' fields and also outcrosses to related species, resulting in greater genetic variability.
Farmers' selection for adaptation to local conditions and utilization has taken place and
numerous varieties have emerged in Africa which are good sources of resistance to diseases
and pests, have good food quality traits, and are adaptable to the farming systems [13]. These
genetically distant groups of landraces may carry other sources of genes for resistance to
ACMD. This information is currently being used in the IITA cassava breeding program for
studying the molecular genetics of ACMD resistance. The new sources of resistance are being
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used in the hybridization program with a view to diversify the resistance to ACMD such that
the resulting improved genotypes would prove difficult for the virus to circumvent.
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FIG. 2. Dendrogram showing the genetic relationships for 41 cassava varieties constructed from
RAPD markers based on UPGMA. Scale shows the genetic distance derived from Jaccard's
coefficient of similarity. The indicated groups (I to VI) were formed at 60% similarity.
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It is also evident from this study that varieties in particular farmers fields may not be
unique. This is so because there is a high degree of turnover in cassava genotypes grown by
fanners, who are continually introducing new genotypes with desired attributes from
neighboring villages, regions and countries [14]. Hence such genotypes may not be unique to
those particular villages or countries in West Africa where the landraces were collected.

3.3. Genetic diversity in Guinea yams

Based on morphological data, the 446 accessions of cultivated yams used in the present
study could be divided into 34 varietal groups. Among these varietal groups, eighteen were
described previously from the materials collected in C™te d'lvoire and two from Benin
Republic [14]. Fourteen new varietal groups were identified in the germ plasm.

Although isozyme markers provided good genetic markers for yam varietal group
identification, the level of intra-varietal polymorphism was low. Moreover the cost of isozyme
assays was relatively high. Hence, RAPD markers were used to analyse the thirty-four varietal
groups identified. The RAPD markers showed great variability between the 34 varietal groups
identified. Some of the markers appeared to be variety-specific which could be used for
identification and classification of Guinea yams in West and Central Africa.

3.4. Phylogenetic relationships between wild and cultivated yams of Nigeria

A similarity matrix based on Jaccard's coefficients was used to establish the level of
relatedness between the cultivated and wild accessions ofDioscorea species (data not shown).
From this matrix the mean genetic distances between species were computed (data not shown).
The similarities among some accessions within D. cayenensis, D. rotundata, D. praehensilis,
and D. burkilliana were 100 percent which suggest that they are identical genotypes and
therefore might be duplicates. The estimates of similarity ranged from 0.48 between D.
rotundata (6) and, D. burkilliana (59) to 100 between some accessions of D. rotundata, D.
abyssinica and D. praehensilis. The molecular marker data identified two major groups of
species at 0.70 level of similarity on the UPGMA dendrogram (Fig. 3). The first group
comprises the cultivated accessions of D. rotundata and wild species D. abyssinica, D.
praehensilis and D. liebrechtsiana and the phenotypically intermediate types between D.
praehensilis and D. liebrechtsiana. The second group comprises the accessions of D.
cayenensis and those of the wild species D. burkilliana. In this study the accessions of
cultivated white yam, D. rotundata, displayed fifteen genotypes which were separated into
three groups. The major group, which comprises twelve different genotypes, was closely
related to the wild species D. praehensilis. One genotype which showed intermediate
morphological characteristics between D. abyssinica and D. rotundata was closely related to
the wild species D. abyssinica. The third group of D. rotundata genotypes occupied an
intermediate position between the two wild species D. abyssinica and D. praehensilis.

In order to identify which wild species shared exchanged genetic information with the
three intermediate genotypes of D. rotundata (12,14,15), the PC A was undertaken. The first
two principal components which accounted for 51% of the variation effectively discriminated
the species. Among the intermediate genotypes, D. rotundata (14), genotype was a hybrid
between D. abyssinica and D. rotundata while the other D. rotundata (12,15) genotypes were
identified as hybrids between D. rotundata and D. praehensilis.
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To further examine the relationship between the species, the phylogenetic analysis using
the parsimony method was inferred. The same general pattern of relationships between the
genotypes was obtained whereby all the identified genotypes of the cultivated yams described
as D. cqyenensis were found closer to D. burkilliana, whereas the majority of D. rotundata
genotypes were closer to the wild species D. praehensilis and D. liebrechtsiana. These
relationships indicate that the genotypes of D. rotundata from Nigeria analyzed in the present
study likely resulted from multicrosses between these three species D. abyssinica, D.
praehensilis and D. liebrechtsiana whereas the D. cayenensis genotypes could have
exchanged genetic information with D. burkilliana.

4. CONCLUSION

The different groups of cassava landraces highly resistant to ACMD are genetically
distant from the widely used source of resistance and could possess other genes and
mechanisms of resistance to ACMD.

A diallel mating programme is being carried out to elucidate the genetics of these sources
of resistance to ACMD and determine complementarity of the relevant genes as well as
allellism for resistance. Mapping populations are being developed for studies on molecular
genetics of resistance to ACMD and identification of reliable molecular markers for use in
marker-assisted selection. To complement this effort, other important traits related to quality
of the storage roots (e.g. cyanogenic potential, culinary attributes) will soon be subjected to
similar molecular analysis in the quest for further genetic improvement.

A total of 34 varietal groups were identified in yam germplasm from West and Central
Africa, fourteen of which had not been described previously. RAPD analysis was very useful
for the assessment of genetic diversity of yams but AFLP analysis detected more polymorphism
than RAPD and thus could be even more efficient for genetic analysis and gene mapping of
yams. These techniques are being applied to generate a linkage map of yams (D. rotundata and
D. alata).
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