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ABSTRACT

Morphological and molecular characterization of forty soybean (Glycine max (L.) Merr.) accessions were
assessed using 7 morphological characters and 10 Randomly Amplified DNA Polymorphism (RAPD) primers,
respectively. The field experiment was carried out at two locations using randomized complete block design
with three replications. The aims of the research were to analyze the morphological and molecular organization
of the existing diversity and to compare the genetic relatedness among forty soybean genotypes. The data
were subjected to analysis of variance and correlation analysis to determine the extent of genetic variability
and correlation coefficients among the characters, respectively. Principal Component Analysis (PCA) and
Single Linkage Cluster Analysis (SLCA) were employed to group the accessions. The genetic relatedness
among the accessions based on RAPD molecular markers was also presented in the form of a dendrogram
generated by cluster analysis using the Unweighted Pair Group method with Arithmetic Mean (UPGMA).
The relative effectiveness of the RAPD markers compared to botanical descriptors in assessing the diversity
among the genotypes was investigated. The single linkage cluster technique classified the 40 accessions into
seven clusters while the FASTCLUS technique revealed that the number of pods per plant, pod yield per plant,
100-seed weight and seed yield per plot contributed the largest proportion of morphological variation. Out
of the 100 bands generated by the 10 primers, 31 were monomorphic and 69 polymorphic. The size of the
fragment varied from 250 bp to 3000 bp. RAPDs markers were highly polymorphic and more discriminatory
and informative as they were able to differentiate more pairs of genotypes than the botanical descriptors. The
highest yield was recorded for TGx 1834-1E (477.60g/plot) and TGx 1910-2F (459.55).
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INTRODUCTION

Soybean (Glycine max (L.) Merr.) is a principal
grain legume in developing countries where it
meets the expanding needs for protein, edible oil
and calories. Itis a good source of cheap dietary
protein in Africa (IITA, 1989). It is a miraculous
crop due to its extraordinary qualities; it contains
about 37-42% good quality protein, 6% ash, 29%
carbohydrate and 17-24% oil, comprising 85%
poly-unsaturated fatty acid with two essential
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fatty acids (lenoleic and linolenic acid), which
are not synthesized by the human body (Antalina,
2000; Balasubramaniyan & Palaniappan, 2003).
Soybean is grown in the tropical, subtropical and
temperate climates.

A number of tropical soybean varieties, with
improved yield and agronomic characteristics,
have been developed and recommended to
farmers (FAO, 1999). However, the selection
and subsequent recommendation for release
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of most of these varieties have been based on
a subjective traditional analysis of the yield
data from a number of locations, with little or
no emphasis on morphological and molecular
characterizations.

The assessment of the genetic relationships
among the cultivated plants at morphological and
molecular levels is a fundamental component
of crop improvement programmes. This will
provide information about genetic diversity,
identification of diverse parental combinations
to develop segregating progenies with maximum
genetic variability for further selection,
duplication in germplasm, and introgression of
desirable genes or chromosome segments from
diverse sources into elite germplasm (Thompson
etal., 1998; Das et al., 2001; Igbal et al., 2008).

Diversity, based on the morphological
characters, is essential in plant breeding as it
reveals important traits to plant breeders (Singh,
1989); however, the phenotypes are highly
influenced by many environmental factors. In
plants with a narrow genetic base in their gene
pool, such as soybean, molecular descriptors
can provide additional information about the
characterization, degree of diversity and genetic
constitution of the existing germplasm.

Currently, the rapid development of
biotechnology allows easy analysis of large
numbers of loci distributed throughout the
genome of plants (Chakravanthi & Naravaneni,
2006). The use of RAPD technique lies in its
simplicity, rapidity, requirement for only a small
quantity of DNA and the ability to generate
numerous polymorphisms (Chowdhury et al.,
2001; Zenglu & Nelson, 2002; Yu et al., 2005).
Therefore, it has been a powerful and useful
technique for genetic analysis. The objectives of
this study were to investigate the morphological
and molecular organizations of the existing
diversity in forty soybean accessions and to
ascertain the genetic relatedness among the
accessions.

MATERIALS AND METHODS

The forty accessions used in the study were
collected from the Genetic Resources Unit of
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the International Institute of Tropical agriculture
(IITA), Nigeria. The experimental study was
conducted during the wet season of the year
2006 at two locations, namely, Abeokuta
(longitude: 07° 30°N and latitude: 03° 54’E)
and Ile-Ife (longitude: 07°28’N and latitude:
03°34°N), Nigeria. The randomized complete
block design, with three replications, was used
for the experiment. Seeds were sown by drilling
in four-row plots at 0.75m between rows. Two
weeks after planting, seedlings were thinned
down to a within-row spacing of 0.05 m leaving
a population of 480 plants per plot size of 18m?.
No pre-emergence herbicides and fertilizer was
used and weeding was carried out as required.

Morphological and physiological data were
collected on ten plants per accession from the net
plot for days to 50% flowering, days to maturity,
number of pods per plant, pod length per plant,
pod yield per plant, seed yield per plant and 100-
seed weight. The data collected were subjected
to statistical analysis using SAS/PC version
9. The principal component grouping of the
traits was employed to examine the percentage
contribution of each trait to the total genetic
variation. Meanwhile, cluster analysis based
on similarity matrices was also employed on
agro-botanical data using the un-weighted pair
group method with arithmetic mean (UPGMA)
to obtain a dendrogram. The cultivars were
sorted into groups by the FASTCLUS procedure
of the SAS.

RAPD Analysis

Total DNA was isolated from the fresh leaves of
14 day-old soybean seedlings, grown in the green
house, according to Dellaporta et al. (1983).
Gene-based RAPD analysis was performed
on forty soybean accessions. Purified DNA
was quantified by spectrophotometry and by
ethidium bromide staining after electrophoresis.
Ten RAPD primers (Table 6) were used to
generate markers as described by Tao et al.
(1993). Each amplification was performed in a
reaction volume of 25ul containing 10mM Tris-
HClpH 9.0, 50mM MgCl,, 0.2mg mL" gelatine,
Triton x 100.0%, 0.1mM of each of dATP, dCTP,
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dGTP and dTTP (Promega), 10ng of random
primer, 50ng of genomic DNA and 2 units of Taq
polymerase. Amplification was carried out in a
thermocycler (Mpi model), as follows: one cycle
of 3mins at 94°C, 44 cycles of 20 secs at 94°C;
40 secs at 37°C and 1 min at 72°C; one cycle
of 7 mins at 72°C. The amplification products
were then analyzed for polymorphism after
electrophoresis in 1.4% agarose gels using 2.8g
in 200mls 1 X TAE buffler Pairwise comparison
of genotypes, based on the presence (1) or
absence (0) of unique and shared polymorphic
products used to generate similarity coefficients
using the statistical software NTSYS-pc 2.0
(Rohlf, 1993). GSij=Nij/(Ni+ Nj- Nij), where
Ni is the number of detected bands in a variety i
and not in variety j, Nj is the number of detected
bands in a variety j and not in variety i, and Nij
is the number of bands common to the varieties i
and j (Jaccard, 1908). The similarity coefficient
was used to construct a dendrogram by the
UPGMA, according to Sneath and Sokal (1973),
Swofford and Olsen (1990) and Rohlf (1993).

RESULTS

The combined analyses of variance for days to
50% flowering, days to maturity, number of pods
per plant, pod length per plant, pod yield per
plant, seed yield per plot and 100-seed weight
revealed highly significant (P < 0.01) genotypic
variation for all the traits (Table 1). The effect
due to location was also highly significant for all
the traits. Genotype x location effects were not
significant for all the traits, except for the seed
yield per plot. The seed yield per plot varied
from one location to another, indicating that
the selection for yield per plot has to be done at
each location.

Table 2 presents the mean performance of
40 soybean accessions sown over two locations.
TGM 80 and TGx 1830-20E recorded the earliest
flowering day (37 days) and earliest maturity day
(82 days), while TGM 119 recorded the longest
flowering day (47 days) and the longest maturity
day (93 days). TGx 1834-1F with the highest
pod yield per plant of 6.7g had 100-seed weight
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of 11.1g whereas TGx 1919-8F, with pod yield
per plant of 4.8g had the highest 100-seed weight
of 18.0g. In addition, TGM 1906-1F had the
highest number of pods (23) per plant.

Table 3 shows the correlation coefficients
of the pairs of six traits that were used in
characterizing the forty soybean accessions. The
correlation matrix showed that seed yield per
plot was positively and significantly associated
with number of pods per plant, pod length, pod
yield per plant and 100-seed weight. Positive
and significant association was also observed
between the number of pods per plant, pod
length, pod yield per plant and 100-seed weight.
Meanwhile, days to 50% flowering and Days to
maturity were both negatively associated with
100-seed weight and seed yield per plot.

The three principal components accounted
for 82.7% of the total variance, with the first
principal component taking 51.24%. The
relative Eigen values was high (3.66) for axis
1 and low (0.72) for axis 3. The first principal
component was mostly correlated with the
number of pods per plant, pod length, pod yield
per plant, 100-seed weight and seed yield per
plot. The characters that were mostly correlated
with the second principal component were days
to 50% flowering and days to maturity (Table 4).

The characteristic means of the seven
similarity cluster groups in the 40 soybean
accessions generated by the FASTCLUS
technique are presented in Table 5. An
examination of the range of means revealed
that the number of pods per plant, pod yield
per plant, 100-seed weight and seed yield
per plot contributed the largest proportion of
morphological variations that existed between
the cluster groups. Nonetheless, there was
no significant variation between clusters with
respect to other traits. Cluster V consisted of 2
accessions, which represented 5% of the total
accessions. The maximum number of pods
per plant (19.96), pod yield per plant (6.57g),
100-seed weight (13.13g) and seed yield per
plot (468.58¢g) were found in cluster V. Cluster
IV accounted for 2.5% of the population. This
cluster showed the least value for the number
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of pods per plant (12.42), pod yield per plant
(3.52), 100-seed weight (9.09) and seed yield
per plot (211.02).

The ten primers were assessed for their
consistent production of strong amplification
and reproducible bands across forty soybean
genotypes (Table 6). A total of 100 bands were
generated using ten selected primers. The
number of polymorphic bands produced by each
primer varied from four (OPG 11) to ten (OPG
16). Out of the 100 bands observed, 31 were
monomorphic for all the varieties examined in
this study. The remaining 69 variable bands were
reproducible and polymorphic and thus, they

were regarded as informative RAPD markers
for the current genetic study as these markers
were able to differentiate all the accessions.
Each accession could be distinguished by at least
four RAPD markers. The size of each fragment
varied from 250 bp to 3000 bp, depending on the
primer used for the amplification.

Fig. I shows the morphological dendrogram.
It reveals the minimum distance between
the clusters and the extent of morphological
relationships between pairs of genotypes within
each cluster group. The diagram proposed seven
groups. TGx 1740-2F (4) in group 1; TGx 1904-
6G (2), TGx 1440-1E (6), TGx 1844-4E (34) and
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Fig. 1: Morphological dendrogram showing the similarity among 40 soybean
accessions revealed by UPGMA cluster analysis
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TGx 1902-1E (40) in group 2; TGM 119 (9) and
TGM 197 (39) in group 3; TGx 1908-8F (14)
and TGM 63 (17) in group 4; TGM 255 (18),
Samsoy-2 (22), TGx 1919-8F (28) and TGx
1448-2E (30) in group 5; TGx 1903-5F (15) in
group 6; TGx 1904-4F (11) and TGx 1910-14F
(12) in group 7.

Fig.2 presents the molecular dendrogram,
based on the similarity coefficients among
the forty soybean accessions, as revealed by
UPGMA cluster analysis based on the RAPD
markers. The dendrogram shows a clear
separation of the genotypes into five groups.
For instance, TGx 1909-3F (1) and TGX 1910-
8F (28) were in group 1, while TGx 1904-6F
(2), UG-5 (10), TGx 1903-3F (36), TGx 1908-
9F (19) were in group 2. The majority of the
accessions that were evaluated were clustered
in group 3, while groups 2 and 4 had five and
six accessions, respectively. These groups (apart
from groups 1 and 5) could be further divided
into sub-groups at different similarity levels.

DISCUSSION

This study assessed the morphological and
RAPD characterization of forty soybean
accessions (Glycine max (L.) Merr. The analysis
of morphological traits revealed that there is a
possibility for selection among the accessions
for the seven traits evaluated. In addition, there
is a need to evaluate the soybean in two or more
locations for seed yield to arrive at a logical
conclusion with regards to the selection for this
trait. According to Funnah and Mak (1980), no
valid comparisons could be made regarding the
relative performance of crop genotypes over all
the environments in the presence of genotype by
environment interaction.

The significant and positive associations
observed between the seed yield per plot and the
number of pods per plant, pod length and pod
yield per plant indicated that these traits have
influence on seed yield per plot and could be
used as the selection criteria in soybean breeding
programme. However, reduced days to maturity
and days to 50% flowering tend to increase seed
yield in soybean as it is negatively correlated to
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the number of pods per plant, pod length and
100-seed yield.

The result of the principal component
analysis showed that different characters
contributed differently to the total variation
in the soybean genotypes, as indicated by the
Eigen value as well as their weight and loading
in different principal axes. The first principal
component that accounted for the highest
proportion of the total variation indicated the
contribution of seed yield per plot, pod yield per
plant, number of pods per plant and pod length
to grain yield in soybean. If selection was to
be made between the cluster groups for a future
breeding exercise, these traits should then be
given high priorities.

The cluster analysis had singular efficacy
and ability to identify crop genotypes with
the highest level of similarity through the
dendrogram generated (Aliyu et al., 2000). The
evaluation of phenetic diversity within soybean
genotypes, using the cluster analysis in this
study, provided seven clusters which were re-
ordered into three clusters by the PCA analysis,
with a lot of variations in the morphological
properties. Mehetre ef al. (1994) evaluated 51
soybean genotypes and found 10 clusters. Das
etal. (2001) reported that the grouping pattern of
the diverse genotypes suggested no parallelism
between genetic divergence and geographical
distribution of the genotypes. Ghatge and Kadu
(1993) evaluated 58 soybean genotypes from
diverse eco-geographical areas, and observed
seven clusters on the basis of yield components.
Meanwhile, Kumar and Nadarajan (1994)
studied genetic diversity for yield components in
64 soybean genotypes, and revealed 11 clusters.
Ihsan Ullah ef al. (2007) reported 5 clusters
derived from 10 genotypes on the basis of seed
yield in sunflower.

Broschat (1979) considered PCA as a
powerful technique for data reduction as
it removes interrelationships among the
components. The results reported by various
researchers showed the multivariate analysis
as a valid system to deal with germplasm
collection. Rabbani et al. (1998) determined the
extent of diversity and the relationship among

Pertanika J. Trop. Agric. Sci. Vol. 35 (2) 2012
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Fig. 2: Molecular dendrogram showing the genetic similarity among 40 soybean
accessions revealed by UPGMA cluster analysis based on RAPD markers

Brassica juncea germplasm from Pakistan for 35
morphological characters in 52 accessions using
the cluster and principal component analysis.
Meanwhile, Ghafoor et al. (2001) studied genetic
diversity in blackgram germplasm accessions.
Quantitative traits were analysed for the cluster
and principal component analysis. Igbal et
al. (2008) conducted cluster and principal
component analyses on soybean germplasm.

Pertanika J. Trop. Agric. Sci. Vol. 35 (2) 2012

The five clusters observed on the dendrogram
were reduced to only three when PC1 was plotted
against PC2.

Although the morphological dendrogram
generated from the similarity or distance matrices
had provided an overall pattern of variation
as well as the degree of relatedness among
genotypes, the variations in environmental
conditions such as soil types, and soil fertility
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levels (Steel, 1972), light, temperature and
moisture regime (Sumerfield & Huxley, 1973;
Morakinyo & Ajibade, 1998), allow for different
results to be obtained using morphological
grouping, particularly when the experiments
were repeated in time and/or space. The
observations above tend to emphasize the
superiority and convincing discriminatory
evidence of molecular grouping over and above
the morphological grouping. The five major
clusters of the RAPD dendrogram, together
with their internal groups, demonstrated the
polymorphic nature of the 40 soybean genotypes
used in the current study.

The dendrogram obtained from the RAPD
markers revealed that the markers were more
discriminatory, highly polymorphic, and thus,
more informative than the one obtained from the
morphological characters because the markers
were based on the ten OPERON primers to
generate 69 RAPD bands across the 40 soybean
accessions. Moreover, most of the bands
were polymorphic and each band was able to
differentiate between at least two of the 40
soybean accessions. Thus, differentiation among
the soybean genotypes was higher using RAPD
markers than the morphological characters.
RAPD is a valuable tool for assessing genetic
diversity levels in vegetable soybean. It detects
polymorphism at the DNA level and thus is more
efficient in discrimination among the varieties
(Chowdhury et al., 2001).

In conclusion, both morphological and
genetic variations were found to exist among
the 40 soybean accessions that were evaluated.
The number of pods per plant, pod yield per
plant, 100-seed weight and pod yield per
plot contributed a greater proportion of the
variations that existed among the cluster
groups. The dendrogram obtained from the
molecular markers was more discriminatory
than the one obtained from the morphological
characters because the markers were based on 69
polymorphic markers produced by ten primers.
The molecular dendrogram clustered the 40
soybean accessions into five groups, whereas
the one based on the morphological characters
had seven. The Principal Component Analysis
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indicated that all the 40 soybean accessions were
ordered into three distinct PCA clusters.

The present study has indicated TGx 1834-
1E and TGx 1910-2F as high yielding genotypes,
and accessions TGM 80 and TGx 1830-20E as
carly maturing genotypes; however, it is unlikely
that these accessions are the best to be found in
the germplasm. Thus, collection, conservation
and further evaluation for the selection of better
germplasm are essential.
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