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Evaluation of genetic diversity in Aerial Yam (Dioscorea bulbifera L)
Using Simple Sequence Repeats (SSR) Markers
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Department of Genetics and Biotechnology, University of Calabar, Calabar, Nigeria

ABSTRACT

Dioscorea bulbifera is an underutilised crop of the family Dioscoreacea widely distributed throughout the tropical and sub
Saharan regions of West Africa. Twenty five D. bulbifera accessions from West Africa held in International Institute of Tropical
Agriculture (IITA) germ plasm bank were screened for genetic diversity using ten microsatellite loci in 25 ul volume reaction
in a 96 well micro titre plate PCR reactions. The reaction mixture consisted of 3 ul of 10 ng/ul template DNA, 2ul of 2.5
mM DNTPs, 1 ul of 2.5 mM MgCl,, 1u each of forward and reverse primers, 1 ul of DMSO,, 0.1 ul of 5 ug/ul Tag DNA
polymerase (Invitrogen) and 3 ul of 10 ng/ul DNA. The total reaction volume was made up to 25 volume using 13.4 ul
nuclease free water. The PCR programme consisted of denaturation at 94°C for 30 secs, followed by 35 cycles of 94°C for 30s,
55 or 45°C for 20s and 72°C for 30 s, with a final extension step at 72°C for 7mins. A total of 74 alleles were detected with
an average allele number of 7.4 per locus. A Polymorphic Information Content (PIC) mean value of 0.74 showed existence of
variability among the accessions. A mean gene diversity value of 0.77 was also observed. SSR approach proved to be a valuable
tool in the determination of genetic diversity and relationships among D. bulbifera accessions. These results are significant in
the conservation and genetic improvement program of this crop.
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INTRODUCTION

Dioscorea bulbifera which is also known as aerial yam is an edible
yam species which although capable of providing nutrition for
the hungry masses in some parts of the world where it occurs in
abundance, has been largely neglected and underutilized. In the
Tropical forest region of West Africa the plant occurs in several
morphological forms and attempts are being made to characterize
the species based on both the morphological attributes and in this
report, using molecular tool such as Simple Sequence Repeats
(SSR) marker. The aerial yam grows aggressively on diverse soil
types often reaching up to 20m or more in length and yielding
very many bulbils in one growth season. Miller, (2003) describes
the plant as having stems that are round or slightly angled in cross
section, with axillary, simple, fasciculate inflorescences consisting
of diminutive and sessile flowers usually white or greenish tinged
in colour [1].

Several landraces of D. bulbifera are cultivated for human
consumption but some also occur in the wild and are not edible in
Nigeria. Reports from ISSG (2012) indicate that some genotypes of
Dioscorea bulbifera are rich in diosgenin, which is a useful bioactive
substance in the production of some steroidal hormones, including

some synthetic birth control pills, thus adding to the usefulness of
this plant species and giving credibility to further study of its species
complex for proper identification [2]. Adequate characterization
of this plant especially at the molecular level will encourage and
enhance its breeding for improvement of traits and utilization both
for food and drug source. So far, lack of adequate knowledge of
this food crop has significantly contributed to its genetic erosion.

DNA based markers have proven to be more reliable in the
assessment of genetic diversity and relationships among crop
species than just molecular studies. Beebe et al., reported that DNA
markers are invaluable in cultivar identification due to the fact that
neither plant phenology nor variable environmental conditions
have any influence on them [3]. They are effective and efficient
in differentiating among genotypes with identical morphological
traits. Aggarwal et al., further noted that molecular markers are
useful in phylogenetic relationship analysis among accessions as
well as in true-to-type plant identification [4]. DNA markers are
said to be effective and efficient if they are co-dominant, abundant
and evenly distributed throughout the genome. They are highly
polymorphic, highly reproducible, simple and quick to assay and
enhance simple exchange of data between laboratories. Simple
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Sequence Repeats (SSR) markers fulfil most of these requirements,
hence the choice of SSR markers in the present study. This study
on the assessment of genetic diversity and relatedness of the aerial
yam using SSR markers was however carried out on 25 accessions
of D. bulbifera in IITA holding. This will provide an insight into
the genetic diversity of the aerial yam species of the West African
region since the crops in the IITA gene bank are collections from
several Countries (Table 1).

LITERATURE REVIEW

Dioscorea bulbifera is among the yam species in the genus Dioscorea,
with great potentials in providing food and drugs for hungry masses
of tropical Africa where it occurs in significant abundance. Limited
efforts have however been made in genetic diversity studies in the
genus Dioscorea, but knowledge of the biology of this crop is still
incomplete

Detailed analysis of genotypes based on DNA analyses plays a
critical role on species identification, genetic improvements and
conservation of crops Some studies on yam have been carried out
using various DNA marker systems; these include; RAPDs, AFLPs
and SSRs [5-11]. Simple Sequence Repeats (SSR) markers are often
preferred to other DNA marker systems in genetic diversity analysis
because they are co-dominant and highly polymorphic and are
thus, more informative [12,13].

In a study by Ramser et al. [14], 23 accessions of D. bulbifera
collected across various ecological zones of Asia, Africa and
Oceania were characterized using RAPD markers. Results from

Table 1: Accessions of D. bulbifera used in the study, their origin and
ecological zone.

S/N  Accessions Origin Ecological zone

1 TDb-2857  Equatorial Guinea Forest

2 TDb-3045 Nigeria Forest

3 TDb-3049 Benin Savanna

4 TDb-3058 Togo Savanna

5 TDb-3060 Togo Savanna

6 TDb-3064 Togo Savanna

7 TDb-3067 Togo Savanna

8 TDb-3068 Togo Savanna

9 TDb-3069 Togo Savanna

10 TDb-3070 Togo Savanna

11 TDb-3072 Nigeria Forest

12 TDb-3078 Nigeria Forest

13 TDb-3082 Nigeria Forest

14 TDb-3083 Gabon Savanna wood land
15 TDb-3084 Gabon Forest

16 TDb-3085 Nigeria Forest

17 TDb-3089  Equatorial Guinea Forest

18 TDb-3431 Nigeria Forest

19 TDb-3512 Togo Forest
20 TDb-3693 Congo Forest

21 TDb-3694 Congo Forest
22 TDb-3835 Nigeria Swampy with tall tree and
grasses

23 TDb-4119 Guinea Savanna
24 TDb-4120 Sierra Leone Savanna
25 TDb-4122 Sierra Leone Savanna
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the study corroborated a previous report of the “independent
domestication” of D. bulbifera in Asia and Africa. Tostain et al.,
carried out a genetic diversity evaluation among 146 accessions of
D. rotundata collected from Benin using 10 microsatellite loci as
well as the diversity analysis among 56 other accessions using 6
microsatellite loci [15]. There was an observation of a significantly
high degree of heterozygosity. In yet another study, a distinct
varietal group was observed among accessions originating from
Cameroun which had a distinct clustering pattern from all other
West African accessions [16]. The clustering pattern suggested the
uniqueness of the gene pool of this group that may be exploited for
breeding and genetic improvement of Dioscorea genotypes in West
Africa. Jayeola and Oyebola also reported the characterization of
34 accessions of D. bulbifera from Nigeria using morphological
traits and SSR markers; with leaf colour and shape, petiole length,
bulbil size and shape significantly contributing to variations among
the populations studied [17].

MATERIALS AND METHODS

This is the report of a research carried out in the germplasm bank
and the Bioscience Centre of the International Institute of Tropical

Agriculture (IITA), Ibadan-Oyo State, Nigeria.

Twenty five accessions of Dioscorea bulbifera collected from eight
countries and maintained in I[ITA germplasm bank were used for
the study (Table 1). All accessions were planted in 30cm size pots
filled with sterilized top soil and maintained in a screen house at
IITA, Ibadan, Nigeria.

DNA isolation and quantification

Cetyl Trimethyl Ammonium Bromide (CTAB) method was used
to isolate Genomic DNA from fresh young leaves. The quality
and concentration of DNA was assessed by gel electrophoresis
using 8% agarose in1XTBE, cooled to 6°C and and 5 ul safe view
pouredon gel tray. Gel was run at 80 Volts for 6 mins. Nano-drop
spectrophotometer (Beckman Coulter DU 530) was used for
quantification of DNA at 260 nm. Purified DNA for all samples
was diluted in water to obtain DNA concentration of 25 ng/uL.

Polymerase chain reaction (PCR) and fragment analysis

A total of ten SSR primer pairs were used in the study (Table 2).
An automated thermal cycler (Peltier thermal Cycler 200) was
used to conduct the PCR reactions in a 25 ul volume in a 96-
well microtitre plate. The reaction mixture consisted of 2.5 ul of
10x PCR buffer, 3ul of 10 ng/ul template DNA, 2 ul of 2.5 mM
dNTPs, 1 ul of 2.5 mM MgCL,, 1 pl each of forward and reverse
primers, 1ul of DMSO, 1x reaction buffer and 0.1 ul of 5 u/ul Taq
DNA polymerase (Invitrogen). The total reaction volume was made
up to 25 ul using 13.4 ul nuclease free water.

The PCR cycling parameter consisted of a touch down PCR profile
as follows; initial denaturation at 94°C for 5 mins, followed by
9cycles of denaturation at 94°C for 30 secs, annealing at 65°C for
30 secs, and elongation at 72°C for 30 secs followed by 35 cycles
of denaturation at 94°C for 30 secs, annealing at 55C for 30 secs
and elongation at 72°C for 30 secs. This was followed by a final
extension step at 72°C for 7 min. and a holding temperature at
10°C. Amplified fragments were visualized on safe view stained
1.5% agarose gel electrophoresis. Visualization was further resolved
on 6% polyacrylamide gel electrophoresis.
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Table 2: Characteristics of ten microsatellite primers used to characterize 25 accessions of D. bulbifera.

Name Forward and reverse sequences
Db2 F: CACGACCTCCTGGAAGACAACT
R: ATATAGCACGGGAGGCACAAAC
Db3 F: TTTTACCCAGGATTTAGAAGAA
R: GGACTGGAGCCACAAGATT
Db5 F: TGTCTATTATATTGCTCTTTCT
R: CGTTTCTAATTTCTGGGTAT
Db6 F: AAGCCGGTATCATTCAACAAAA
R: CCCTCGCCAACATCAAGTAA
Db7 F: CCGCAAGGCTCAAAAAGTTAGG
R: TCGTGGATGAAGATGGGTGGAC
Db8 F: TCCCAAGAAATCCAGAATA
R: ATGCATGCCAAAACAAATA
DBSSR1 F: ACACACACACACAGAGAGAGAG
R: AGAAGTTTGTTGCCCGTC
DBSSR2 F: ACACACACACACAGAGAGAGAG
R: AACGCATCCCACCACTTC
DBSSR3 F: ACACACACACACAGAGAGAGAG
R: CACGATGGAGGAACACTT
DBSSR4 F: ACACACACACACAGAGAGAGAG
R: GAAAAGGAGAAGCCGAAT
DBSSR5 F: ACACACACACACAGAGAGAGAG

R: TTGATTGAAAAGGGAGGCT

Repeat motif Ta (C)
(GAC), 53
(CA), 50
(GT), 50
(AC), 53
(GA), 53
(GAO), 50
(AC), (AG),,... (GGA), 54
(AC), (AG),, 54
(AC) (AG),, 54
(AC), (AG), 54
(AQ), (AG), 54

Ta =Annealing temperature

Data analysis

SSR fragment analysis: The base pairs (sizes) of fragments per
accession were converted to binary data where alleles were
transformed into presence (1) or absence (0) of an SSR band across
the SSR markers. The genetic diversity indices such as number
of alleles for locus, gene diversity and Polymorphic Information
Content (PIC) were estimated using Power Marker version 3.25
software. The cluster pattern of the genetic diversity was constructed
using DARwin 5.0 software. Analysis of Molecular Variance
(AMOVA) was carried out using GenAIEX version 6.5.

RESULTS

Genetic diversity indices analysis

Table 3 gives the summary of genetic diversity indices generated by
10 SSR markers. The largest number of alleles detected (11 alleles)
was by DBSSR 2. This was followed by DB5 (10 alleles) DB3 and
DBSSR4, respectively. Polymorphic Information Content (PIC)
values were calculated to assess the discriminatory power of each
SSR primer. A mean PIC value of 0.74 was obtained across the
10 SSR markers which ranged from 0.37 to 0.85 in loci DB7 and
DBSSR4, respectively. Markers having lower allele frequency but
higher number of alleles produced greater PIC as obtained in
DBSSR4 (9 alleles and the highest PIC of 0.85, followed by DB5
with 10 alleles and PIC of 0.84, respectively. It can further be
established from the results that marker DB7 had the highest allele
frequency of 0.60 while markers DB3, DB5 and DBSSR4 had the
lowest frequency of the major allele (0.24). The mean major allele
frequency was 0.33 (Table 3).

High gene diversity was recorded, ranging between 0.48 in DB7
and 0.86 in DBSSR4 with a mean of 0.77. In general, the primers
used were polymorphic as indicated by their allele frequencies

which were all below 0.95 (Table 3). Plates 2 & 3 show SSR marker
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Table 3: Genetic diversity indices for the ten SSR markers used to analyse
25 accessions of D. bulbifera.

S/N  Marker Major allele Allele no Gene diversity PIC
frequency
1 DB2 0.3600 8.0000 0.7936 0.7697
2 DB3 0.2400 9.0000 0.8512 0.8345
3 DB5 0.2400 10.0000 0.8544 0.8383
4 DB6 0.3200 6.0000 0.7520 0.7105
5 DB7 0.6000 2.0000 0.4800 0.3648
6 DB8 0.3600 6.0000 0.7488 0.7095
7 DBSSR2 0.2800 11.0000 0.8352 0.8176
8 DBSSR3 0.3200 6.0000 0.7680 0.7314
9 DBSSR5 0.3600 7.0000 0.7808 0.7521
10 DBSSR4 0.2400 9.0000 0.8608 0.8460
11 Mean 0.3320 7.4000 0.7725 0.7374

(DBSSR2 & DB5) profiles generated for the D. bulbifera accessions
used in the study. In general, the unique migration pattern of
the DNA fragments (bands) in the gel clearly discriminated the
accessions.

Cluster analysis, dissimilarity coefficients and Analysis of
Molecular Variance (AMOVA)

The genetic dissimilarity matrix of 25 accessions of D. bulbifera is
given in Table 4. The result of the cluster analysis is given in a
dendrogram in Figure 1.

The dendrogram revealed high intra-specific polymorphisms which
enabled a reliable discrimination between accessions (Figure 1).
The dendrogram revealed four main groups (G1, G2, G3 and G4)
at a dissimilarity coefficient of 0.05. G1 contained 13 accessions
including accessions from Guinea, Nigeria, Equatorial Guinea,
Congo, Togo and Gabon. G2 contained eight accessions including
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Figure 1: UPGMA cluster analysis showing the diversity and relatedness among 25 accessions of D. bulbifera using ten SSR markers.

Table 5: Analysis of molecular variance (AMOVA) for simple sequence repeats of 25 accessions of D. bulbifera.

SOV DF TSS MSS Estimated Variance % mol. Variance P -Value Phqt
Among Pop. 12 192.3 16.025 1.234 14 0.01 0.141
Within Pop. 35 203.89 5.82 8.775 86

Total Pop. 47 295.11 10.005 100

Key: phqt=Estimate of the population genetic differentiation based on permutation.

3 accessions from Togo and 1 each from Benin, Equatorial Guinea,
Nigeria, Sierra Leone and Gabon. G3 contained only one accession
(TDb-3060) from Togo. G4 contained 3 accessions, 1 accession
each from Nigeria, Togo and Sierra Leone.

The least dissimilarity index was 0.13 (between TDb-3835 and
TDb-4119) while the highest dissimilarity was 0.69 (between TDb-
3068 and TDb-3835) (Table 4). The mean dissimilarity index was
0.41 showing high intraspecific variation and polymorphism as
evident in the clustering pattern (Figure 1). Analysis of Molecular
Variance (AMOVA) for Simple Sequence Repeats of 25 accessions
of D. bulbifera is summarized in Table 5. The result revealed 14%
molecular variance among accessions collected from different
geographical areas and 86% molecular variance among accessions
within the areas of collection.

DISCUSSIONS

The significant genetic variability observed in D. bulbifera
germplasm from Equatorial Guinea, Nigeria, Benin, Togo, Gabon,
Congo, Guinea and Sierra Leone could potentially be exploited for
selection, breeding and genetic improvement schemes. The high
genetic diversity or variation might be attributed to maintenance of
heterologous chromosomal complex with high heterozygosity levels
by D. bulbifera, in spite of being a vegetatively propagated crop. This
was suggested by Siqueira et al., and may be confirmed through
cytogenetic analysis of the yam chromosomes [18]. Obidiegwu et al.,
however suggested that the ancestry of some of the yam accessions
could largely be determined by spontaneous hybridization since
yams are dioecious, though the major contributing factor to
variations exploited by farmers in crop improvement practices

Agrotechnology, Vol.9 Iss. 5 No: 202

might be the selection of somatic mutants [19]. The high level
of genetic diversity observed in D. bulbifera in this study might
therefore be as a result of selection for somatic mutants arising
from spontaneous hybridisations between dioecious aerial yam
species.

Primer utility and efficiency were estimated by the number of alleles

while the Polymorphic Information Content (PIC) indicated the
differentiation capacity of each primer. Being a critical attribute
of molecular markers, PIC could help to assess the discriminating
capacity of the markers within the population [20]. Moghaddam et
al., described PIC as a measure and assessment of the distribution
of the frequencies of detected alleles [21]. Therefore, markers
having lower allele frequency but higher allele number, had larger
PIC as obtained in DBSSR4 (9 alleles with PIC of 0.85) as well
as DB5 (10 alleles with PIC of 0.84), respectively. This indicated
a better discrimination of the accessions. Norman et al., further
describe PIC as an indicator of the ability to provide information
which in turn is a function of the expected heterozygosity, usually
calculated from allele frequencies. Such information is invaluable
in selection, breeding and genetic improvement schemes [22]. All
the 10 SSR loci were highly polymorphic in this study as indicated
by high PIC values (0.74 on average). This implies that the SSR
markers used in this study efficiently discriminated the D. bulbifera
genotypes. The use of the PIC as an indicator of the discriminating
power of a marker to differentiate among closely related individuals
noted by Escandon et al., is thus affirmed [23].

A higher mean PIC value was observed in this study than what
was reported in a study by Obidiegwu et al., on 89 accessions of
D. alata where an average PIC value of 0.65 was recorded, using

w



Osuagwu AN, et al.

13 SSR markers [19]. The result of this study might therefore
indicate that D. bulbifera is a more diverse species than D. alata.
This information could be invaluable in genetic diversity and
phylogenetic relationship studies.

If the frequency of one of the alleles of a gene is between 0.95 and
0.99, such a gene is said to be polymorphic ([24]. Allelic frequency
analysis results from this study showed high polymorphism across
all the 10 primers used. Rare alleles i.e. alleles having frequencies
below 0.1005, were not detected. This was possibly an indication
of the adaptive nature of the D. bulbifera to the environmental/
soil types. Polymorphism enables and might be a result of gene
reshuffling to enable adaptation to changing environments.

Cluster analysis based on the dissimilarity indices revealed
thirteen groups (Figure 1). Each cluster had a fair representation
of accessions from the different countries. The clustering pattern
showed non distinction between country cultivars of D. bulbifera,
this suggests wide distribution of clones. With the non-distinction
between country cultivars, geographical location may therefore not
have been a contributing factor to the distinction of the species.
These results are consistent with the findings of Obidiegwu et al.,
in which SSR markers were used to characterize 89 accessions of
D. alata from nine African countries and non-distinction between
country cultivars of D. alata was reported. In a related study, AFLP
analysis by Malapa et al., revealed the existence of three major
groups of genotypes within D. alata, each assembling accessions
from distant geographical origins and distinct ploidy levels.

Malapa et al., noted a wide distribution of the genotypes as clones
over many years of human migration. According to the authors,
there is a possibility of a common origin among some of the
accessions. The authors further noted that most of the accessions
which clustered together are most likely clones of a common
source. Cluster analysis result from this study is thus consistent
with the above observation, because most of the accessions from
Nigeria and Togo which cluster together (Figure 1) may likely be
clones with a shared ancestry.

The variation within clusters might be suggestive of high rate
of mutations, many of which have effect on phenotype i.e. they
are not neutral. Obidiegwu et al., opined that such mutations
result in variations in phenotypic characteristics among the
cultivars producing various shapes and colours for both aerial and
underground organs. Analysis of Molecular Variance (AMOVA)
for Simple Sequence Repeats of the 25 accessions of D. bulbifera
(Table 5) revealed 14% molecular variance among geographical
areas of collection of the accessions and 86% molecular variance
within the areas of collection. It is evident from the result that
86% of the genetic variations in molecular data were attributable
to variation at the DNA level in the different accessions while 14%
of the variability was attributable to environmental influences
and variation among the Dioscorea bulbifera populations. The
result further corroborates the high genetic polymorphism indices
obtained in this study.

A comparison of the clustering patterns in both morphological
and SSR analysis for D. bulbifera in the present study showed
little relationship. Such apparent lack of relationship between
morphological and molecular data have previously been noted in
several studies by different authors Montalvan et al., and supports
the hypothesis that molecular polymorphisms are neutral in
natural selection [25,26]. However, accessions TDb 3045 and TDb
3049 clustered together in the SSR analyses. Similarly, TDb 3512
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and TDb 3693 were inseparable in the analyses. The SSR approach
could be invaluable tool in the determination of germplasm
diversity and genetic relationships among accessions and this is
critical to the improvement of crops as well as in the taxonomy of

species [27,28].
CONCLUSION

The 25 accessions of D. bulbifera assessed for genetic diversity using
ten microsatellite loci showed 74 alleles with a mean of 7.4 alleles
per locus. Polymorphic Information Content (PIC) mean value of
0.74 showed existence of variability among the accessions. There
was non-distinction between country cultivars of D. bulbifera which
suggested wide distribution of clones. Ultimately, SSR markers
proved to be effective in characterizing the studied D. bulbifera
germplasm. The study could help in improving the efficiency of D.
bulbifera breeding programmes and cultivar development.

A combination of morphological characterization (previous report)
and SSR approaches (in this report) proved to be viable tool in
the determination of genetic diversity and relationships among
25 D. bulbifera accessions. This study is critical to the genetic
improvement of the crop. Genetic variability was revealed in their
clustering pattern on the dendrograms. Ultimately, this research
has provided information on genetic diversity of D. bulbifera
based on SSR markers and therefore serve as a baseline study
and reference material for future research which will enable the
development of proper conservation and breeding strategies for
this species Distantly related accessions based on the SSR markers
(TDb 3835 and TDb 3068, TDb 3060 and TDb 3085) should be

exploited in breeding and genetic improvement scheme.
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