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Abstract: The genetic variations were studied in different 
populations of Dipcadi filamentosum Medik collected from various 
geographical locations in Nigeria using 12 random amplified 
polymorphic DNA (RAPD) markers. Genomic DNA extraction 
was carried out using DNeasy Plant Mini Kit (QIAGEN, USA) and 
amplification of fragments was performed by Polymerase Chain 
Reaction. Amplification by 9 primers resulted in the detection of 
95 loci and this represented 100% polymorphism. The sizes of 
the bands ranged between 1500-50bp in OPAE-14 and OPAC- 
11.The Principal Component Analysis (PCA) showed that the 
genetic variation observed were accounted  for by the first three 
components (81.14%). Biplot analysis indicated that the markers 
effectively separated the populations into groups based on genetic 
similarity. The cluster analysis classified the populations into two 
major clusters with nine groups. The Neighbour joining clustered 
populations from YOB (north east,), OYO (south west) and KBA 
(north central) as genetically related and close neighbours. 

Keywords: genetic diversity, Dipcadi filamentosum, biplot, 
amplification, RAPD markers, geographical regions.   

INTRODUCTION

Dipcadi filamentosum belongs to the Family Hyacinthaceae. 
The family is represented by 55 species (Mabberley, 
1990) distributed in the Southern Mediterranean region 
in Africa, Arabia, Socotra, Madagascar and India. The 
greatest diversity was found in South Africa where13 
species are present (Stedje and Nordal 1987). In India 9 
species are recorded (Deb and Dasgupta, 1978). Two to 
four species have been recorded from Arabia Peninsula 
(Baker, 1976, Blatter, 1919). Three species are identified in 
Nigeria (Adelanwa, 2008). It is a perennial herb of bulbous 
geophytes having a scaposed inflorescence of raceme 
type.  The family is mostly found in seasonal climates with 
a pronounced dry season and is rare in tropical lowlands 
and forested areas.  In Nigeria, it is found growing in 
regions where shady trees are absent (Temikotan et al., 
2013). It grows well in sandy – loam soil. It has one to 
many leaves. The leaves are long and narrow arising from 
the base. Flowers are bell-shaped or tubular (Manning et 
al., 2004). The plants are found in the wild and are rarely 
cultivated. It is also a potential source of unique alkaloids 

such as bufadienloides, homoisoflavonones and steroidal 
compounds that may have a range of medicinal properties 
(Pohl et al., 2000). The leaves of D. filamentosum have 
been reported to contain phytochemicals such as tannin, 
saponin and flavanoid (Abdulkareem et al., 2014). It is also 
used in horticulture as an ornamental plant.  Information on 
the genetic diversity of this species is scanty in literature. 
Thus, this study was carried out to determine the genetic 
variations which exist within the populations of D. 
filamentosum.

MATERIALS AND METHODS 

Sampling method

D. filamentosum collections were done using cluster 
sampling method. Each of the geographical location was 
taken as a cluster. In each cluster, random sampling of 
D. filamentosum populations was carried out to ensure 
fair representation of the population of the plant in those 
regions in Nigeria.

Genomic DNA Extraction

The fresh leaves of D. filamentosum from the 13 samples 
obtained from four (4) geographical locations in Nigeria 
were used for DNA extraction (Table 1).  One gram of 
leaf tissue was frozen with liquid nitrogen and ground 
into fine powder. Total genomic DNA was isolated from 
individual populations using DNeasy Plant Mini Kit 
(QIAGEN, USA). The quantity and quality of the DNA 
were checked using the spectrophotometer and 0.8% 
agarose gel electrophoresis respectively. Absorbance ratio 
of the DNA material at a wavelength of 260nm and 280nm 
was recorded to ascertain the quality of the genomic DNA. 
The DNA samples were stored at a temperature of -40C for 
RAPD analysis.

PCR Amplification

RAPD amplification was performed as described by 
(Priyanka and Gohar, 2012) using 12 decamer random 
primers (Xcelris, India). The amplification reactions were 
performed in a final volume of 25 µl in 1 x TAE buffer 
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containing 10mMTris-HCl (pH 8.3), 400µM each of 
dNTPs 3Mm MgCl2, 0.4 µM primers, 50ng template, 1 
unit Taq DNA polymerase (Premix Taq Version 2.0, Cat.
No.:XG334A, Xcelris, India). (1µl primer, 2 µl template, 
12.5 µl of Master Mix and 9.5 µl of Nuclease Free water). 
The reactions were carried out on a Gradient Master 
Thermo cycler (Eppendorff, Hamburg, Germany), with an 
initial denaturation temperature of 940C for 5 min in 1 cycle 
followed by 35 amplification cycles consisting of three 
steps: 940C for 1min, followed by the primers annealing 
temperatures from 320C -340C (Table 2) for 30s and 720C 
for 2min. After 35 cycles, the samples were subjected to a 
final extension steps for 10 min at 720C.

The PCR products were loaded on a 1.5% agarose gel in 
1 x TAE buffer. The PremixTaq Version 2.0 contained blue 
dye that allows monitoring of progress of migration during 
electrophoresis. Molecular marker of 100 bp (Thermo 
Scientific, India) was used as standard to determine the 
fragment size of the amplification products on the gel. This 

was viewed in the UV light documentation unit (Gel Doc 
EZ Imager, BIO - RAD, USA). The analysis was performed 
thrice for each of the samples with each primer.

DATA ANALYSIS

The bands from the molecular studies were scored across 
the lanes. Their molecular weights were compared. The 
scoring of bands was carried out based on gel images. 
All the bands were treated as dominant markers and their 
homology were based on the level of migration on the 
gel. The bands were scored as present (1) or absent (0) 
across the genotypes and only reproducible bands in three 
amplification reactions were used in the final analysis. A 
data matrix was constructed. Principal Component and 
Coefficient of similarity tree were produced by clustering 
the similarity data using the statistical software package 
PAST (Paleontological Statistics). Cluster analysis 
was performed by agglomerative technique using the 
Unweighted Pair Group Method with arithmetic averages 

Table 2: The names of RAPD primers and their anneling temperatures.

S/no Oligo name Sequence 5’to 3’ Annealing 
temperature (0C)

1 OPD-17 5’TTTCCCACCG 32
2 OPAD -05 5’ACCGCATGGG 34
3 OPAE-11 5’AAGACCGGGA 32
4 OPAE-14 5’GAGAGGCTCC 34
5 OPAC-11 5’CCTGGGTCAG 34
6 OPAE-09 5’TGCCACGAGG 34
7 OPA-01 5’CAGGCCCTTC 34
8 OPA-04 5’TGCCGAGCTG 34
9 OPA-05 5’AGGGGTCTTG 32
10 OPA-06 5’GGTCCCTGAC 34
11 OPA-07 5’GTGACGTAGG 32
12 OPA-09 5’GGGTAACGCC 34

Table 1: Population of Dipcadi filamentosum collected from various sites in Nigeria.

Geographical 
location Place of collection  State of 

collection

Code 
for each 
location

*Annual 
rainfall (mm)

*Mean 
temp (oC) Soil type

South Western Ado Ekiti Ekiti EKT 1,605.40 26.87 Sandy loam
Ogun Ogun OGN 1,126.05 25.05 Sandy loam
Oyo Oyo OYO 1,318.10 26.61 Loamy

North East Maiduguri Borno MAI 745.70 28.86 Sand
Damaturu Yobe YOB 696.60 29.70  Sand

North Central Sobi Kwara SOB 1,046.30 26.35 Sandy 
Tanke Kwara TNK 1,046.30 26.35 Sharp sands
Unilorin Kwara UNI 1,046.30 26.35 Sandy loam
Kaiama (big) Kwara KAB 1,046.30 26.35 Loamy
Kaiama (medium) Kwara KAM 1,046.30 26.35 Clay loamy
Kaiama (small) Kwara KAS 1,046.30 26.35 Loamy
Kabba Kogi KBA NA NA Loamy clay

North West Katsina Katsina KAT    527.5 27.28 Sandy loam
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(UPGMA). Dendrogram were constructed using the 
UPGMA algorithms in the MEGA 4.0 software. The 
binary matrix was used to determine the genetic diversity 
and gene flow using the Popgene (10) version 1.3.2. (Nei, 
1973; Saitou & Nei, 1987) and Shannon’s index (l) were 
estimated.

RESULTS

Out of the twelve primers used to analyse the 13 populations 
of Dipcadi filamentosum, a total of    9 primers produced 
339 reproducible bands. A total of 95 loci were detected and 
this represented 100% polymorphism. Averages of seven to 
fifteen bands were produced by each primer. The banding 
patterns are shown in Figure 1. The sizes of the amplicon 
varied at all loci except in OPA – 06 and OPA – 09 (Table 
3). The highest number of bands was produced in OPA-09 
while the least were in OPA – 06 (Table 3). The principal 
component analyses for correlation of the performance of 
the various loci on the alleles revealed that the first three 
principal components accounted for approximately 81.14% 
of the total variation among the 13 populations (Table 4). 
The highest genetic variation observed was explained by 
component one (43.082%), followed by the 22.380% in 

component two and the third component (15.680%).The 
highest positive loading (0.5903) of locus contributing to 
detection of genetic variations was in OPAD – 05 while 
least negative loading (0.08955) was in OPAE – 14.

The biplot analysis of the markers on the populations 
revealed the spatial distribution of the populations in the 
four quadrants. The first quadrant consist of populations 
from MAI, UNI,  SOB and OGN and the  distribution 
of these four populations  in quadrant -1 was marked by 
primers OPAE- 14 and they are close to the centroid.  The 
second quadrant consists of four populations, KAM, KAB, 
EKT and KAS. Quadrant – III consists of three populations 
which were also close to the centroid and were delimited 
by markers OPAE-09, OPA-09, OPAC-11, OPA-6, OPA-
04 and OPAD-05. KAT in quadrant – IV was delimited by 
markers OPD-17 and OPA-01 (Figure 2).

Shannon’s index (I) and Nei’s genetic diversity (h) 
among the population from the different eco - geographical 
regions were estimated at 0.4378 (SD = 0.0608) and 
0.2021 (0.0400) respectively. The mean coefficient of gene 
differentiation (GST) value was 0.0546. Estimate of gene 
flow (Nm) in the population was 8.6510.

Figure 1: Band amplification of 9 RAPD markers: (a) OPAD – 05 (b) OPAC – 11(c) OPAE – 09  (d) OPA – 04 (e) OPA – 09 (f) OPD 
– 17 (g) OPA – 01 (h) OPAE – 14 (i) OPA - 06 used for diversity study of 13 populations of D. filamentosum.
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Table 3: Amplification parameters of RAPD marker in D. filamentosum. 

 Oligo 
name Sequence 5’to 3’ Amplicon size 

(bp)
Total amplicons in 

genotype
Amplicons per 

genotype
OPD-17 5’TTTCCCACCGG 1200 – 300 41 11
OPAD -05 5’ACCGCATGGG 1000 – 100 33 13
OPAE-14 5’GAGAGGCTCC 1500 – 100 46 7
OPAC-11 5’CCTGGGTCAG 1300 – 50 27 11
OPAE-09 5’TGCCACGAGG 1000 – 50 35 10
OPA-01 5’CAGGCCCTTC 1000 – 200 49 15
OPA-04 5’TGCCGAGCTG 1200 – 200 35 9
OPA-06 5’GGTCCCTGAC 1000 – 300 22 9
OPA-09 5’GGGTAACGCC 1000 – 300 51 10

Table 4: Principal Component Analysis (Correlation) using RAPD marker.

Principal Component Eigen Value % Variance
1 3.87741 43.082
2 2.01418 22.380
3 1.41116 15.680
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Neighbour joining diagram of the 13 D. filamentosum 
populations evaluated the genetic diversity is represented 
in Figure 3. The MAI populations from North East formed 
the base for all the populations. The analysis revealed the 
linkage between the North West populations (KAT) and the 
South West collections (OGN)as close neighbours.  SOB, 
UNI and TNK are distantly related. OYO, YOB and KBA 
populations are close neighbours. KAM is a progenitor of 
KAB (Figure 3). 

The cluster analysis separated the populations into two 
major clusters. Cluster I consists of seven groups with ten 
populations. Cluster II consists of two groups with three 
populations. The genetic distance values are between 0.14 
and 0.64. The KAB and KAM were clustered together at a 
genetic distance of 0.08 while KAS is joined as a separate 

Figure 2: Biplot of Principal component analysis (PCA) of Dipcadi filamentosum using RAPD markers.

node at a distance of 0.28 but as a distant relative arising 
from KAB and KAM respectively. OGN and KAT have a 
genetic distance value of 0.32 (Figure 4).

DISCUSSION

In genetic diversity identification, the use of molecular 
markers can provide new insights to better understanding 
of the genetic variation found in any germplasm collection. 
The use of morphological or phenotypic traits can be 
employed in the determination of genetic diversity but 
these traits are influenced by temperature, soil type and 
other environmental conditions which are often difficult to 
evaluate as noted by Ozrenk et al. (2009).The use of RAPD 
markers enabled the random section of DNA to be rapidly 
reproduced using short oligonucleotide primers. This has 

Figure 3: Neighbour joining clustering of 13 Dipcadi filamentosum populations using RAPD markers.
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assisted in showing that genetic diversity exists among the 
populations of D. filamentosum.

 Different primers used were able to show variation 
in their ability to detect polymorphism hence the 100% 
polymorphism generated by the RAPD markers in this 
study among the D. filamentosum populations. According 
to Ajibade et al. (2000) a high number of alleles and 
polymorphism are of great importance for the correct 
estimation of genetic diversity of any germplasm. The high 
polymorphic results in this work is in consonance with the 
work of Guasmi et al. (2012) where 100% polymorphism 
was obtained in their use of RAPD markers to study the 
genetic diversity among South Tunisian barley. A total of 
95 loci detected in this study showed that the markers are 
both effective and informative in the study of the molecular 
characterization of D. filamentosum. This is in consonant 
with the work of Singh et al. (2012) in their study of genetic 
diversity in Capsicum landraces. 

The allelic richness was exhibited by the seven to 
fifteen bands produced by each primer. Powell et al. (1996) 
asserted that different markers might reveal different 
classes of variation.   The clustering obtained was not 
according to the geographical origin. Populations such 
OGN, KAT and MAI that are from different geographical 
regions are clustered together. The NJ showed that OGN has 
sequenced more amino acid than KAT due to the fact that 
it has accumulated mutations at a higher rate as indicated 
by the length of the branch joining them. RAPD studies are 
mostly used at taxonomic ranks where DNA sequences or 
RFLPs have failed to detect differences between accessions 
or taxa (Bachmann and Hombergen, 1996; Bachmann 
1997; Wolfe and Liston, 1998).

MAI has mutated more than OGN and KAT. OYO and 
YOB were clustered together as closely related with OYO; 

however the length of the branch showed accumulated 
mutation in their genome. According to molecular analysis, 
the geographical origin of specimens has no influence on 
the cluster obtained. Potolina et al. (1999) in their study 
of the phylogeny of Vicia reported that RAPD is more 
informative in inferring relationships among closely related 
taxa as a greater number of polymorphic sites throughout 
the whole genome could be analysed. 

  RAPD analysis proved useful in finding the genetic 
differences among phenotypically indiscriminate variants 
of D. filamentosum. RAPD markers are proven to be useful 
in self-pollinating species with a low level of intraspecific 
polymorphism (Meunier and Grimont, 1993). This work 
has shown that even where a high level of intraspecific 
polymorphism is obtained, RAPD are also useful as 
demonstrated by the 95 polymorphic loci detected in this 
work. The study on the genetic diversity of D. filamentosum 
using RAPD molecular markers produced 339 reproducible 
bands. Earlier works have shown that RAPD markers 
reveals even small genetic differences as a large part of the 
nuclear genome are scanned (Rieseberg et al., 1993; Staub 
et al., 1997).

The distributions of the populations as shown in the 
study were in different clusters and co-ordinates according 
to the biplot analysis.  This is an indication of the action of 
the markers on the genotypes in separating the populations 
into quadrants. The spatial closeness of the populations 
showed their genetic similarity. Those far from the centroid 
are said to be genetically diverse and distantly related. 
Those that have similar genetic background and are closely 
related as delimited by the markers are close to or on the 
centroid. The dispersion of the markers from the centroid 
points to their effectiveness in delimiting the populations. 
This is similar to the results of Maniruzzaman et al., (2010) 
in their study of Allium cepa using RAPD markers.  

Figure 4: Cluster analysis (UPGMA) Dendrogram of 13 Dipcadi filamentosum populations using RAPD markers.

         Cluster II

     Cluster I
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CONCLUSION

The presence of genetic variation in the populations of 
Dipcadi filamentosum by the use of RAPD markers has 
been established with the high percentage of polymorphism 
obtained. This will assist in the determination of the genetic 
relationship through the knowledge of their evolutionary 
background by providing a chance to compare them at 
molecular level. 
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