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ABSTRACT
Experiments were conducted to study the genetic diversity among soybean accessions
from three different countries and also to validate the usefulness of SSR shattering
resistant markers for marker-assisted selection in breeding for soybean shattering
resistance in Ghana. In all, 36 soybean accessions from Ghana, Nigeria and Brazil
were studied. A genetic diversity study was conducted using 20 soybean SSR markers
via PCR and PAGE electrophoresis. Molecular data was scored and analysed using
CLUSTER procedure in SAS version 9.2 (2007). Morphological characterisation
based on qualitative and quantitative traits, were analysed using hierarchical cluster
analysis and principal component analysis (PCA) procedures of SAS (2007).
Validation of the three novel QTL (qPDH1) soybean SSR shattering resistant markers
(SRMO, SRM1 and SRM2) was done by evaluating known shattering resistant and
shattering susceptible parents and their F1 progenies with the markers on agarose gel.
The 20 SSR markers grouped the germplasm into six clusters based on Jaccard
similarity coefficient. Three morphological traits namely: plant height, number of
seeds per pod and days to maturity were the most important traits that discriminated
the germplasm into three clusters based on PCA biplot, which corresponded to their
country of origin. The three resistant markers were successfully validated for their
usefulness for breeding shattering resistance in the germplasm studied. It is
recommended that these SSR shattering resistant markers be used as integral part for

breeding for soybean shattering resistance in Ghana.
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CHAPTER ONE

1.0 Introduction
Soybean [Glycine max. (L.) Merrill] is a leguminous annual crop belonging to the
family Fabaceae. It is an erect bushy plant with a well-defined main stem and
branches, with numerous leaves. According to FAO (2012), total world production at
2010 was 261.6 million metric tonnes. The three major world producing countries are
U.S.A (90.6 million metric tonnes), Brazil (68.5 million metric tonnes) and Argentina
(52.6 million metric tonnes). The total production in Africa was 1.5 million tonnes
with West Africa producing 437,115 metric tonnes. Nigeria is the leading producer in
West Africa with 393,860 metric tonnes (FAO, 2012). According to the Ministry of
Food and Agriculture (MoFA), 124,045 metric tonnes of soybean was produced in
Ghana in 2010, with an additional import of 200 metric tonnes in that same year

(MOFA, 2011).

Soybean is grown primarily for the production of seed and has several uses in the
food and industrial sectors. It represents one of the major sources of edible vegetable
oil and proteins for livestock feed. Soybean is important in Ghana for several reasons.
In Ghana, soybean is consumed by humans, animals and it improves soil fertility. It is
one of the few legume crops that have the greatest potential to contribute to
employment and income generation in rural communities especially if its agro-
industrial potentials are exploited. Among the grain legumes, soybean currently ranks
third after groundnut and cowpea in terms of production and utilization in Ghana

(MoFA, 2011).

The demand for soybean as a raw material for the oil and poultry industries has been
on the ascendency over the years. Its nutritional benefits for the consumer have been

well documented (Asalm et al., 1995; Asafo-Adjei et al., 2005, 2007a; Mebrahtu,

1



2008). Soybean research and production in Ghana are besieged with a lot of
constraints. These include marketing, seed viability, low research effort, pest and
diseases, narrow genetic base, and pod shattering among others. However, narrow
genetic base and pod shattering are two of the major problems that affect soybean

production in Ghana.

The exiting soybean varieties in the country were introductions from International
Institute of Tropical Agriculture (IITA); which were evaluated by CSIR-Crops
Research Institute and CSIR-Savannah Agriculture Research Institute and released as
varieties to farmers (Asafo Adjei and Adekunle, 2001; Tefera et al., 2010). Eight
commercial soybean varieties have so far been released. Since the soybean varieties

Ahoto and Nangbaar were released in 2005, no new variety has been reported.

Introducing new soybean lines can increase genetic diversity, thereby facilitating the
development of new varieties that can address some of the constraints in soybean
production. There is the need to assemble new germplasm from different geographical
origins in order to assess their genetic diversity at both morphological and molecular
levels. In this way, new parental lines with desirable traits could be obtained to initiate

hybridisation to produce new hybrids to meet both industrial and consumer needs.

Among soybean growing regions in Ghana, the largest production occurs in the
northern part which lies within the Guinea-Savanna and Sahel agro-ecological zones
(Lawson et al., 2008). These regions are characterised by high temperature, low
rainfall and occasional drought which induce pod shattering leading to yield loss
(Philbrook and Oplinger, 1989). Yield losses due to shattering have been reported to
be 422 kg/ha (Shirota et al., 2001) and seed losses of 50-100 % have been reported

(IITA, 1986). In the advent of climate change and its associated high temperatures



and prolonged drought, identifying pod shattering-resistant cultivars will minimise

yield loss at harvest and, hence, increase yield.

The availability of biotechnology tools, such as molecular markers, can facilitate the
breeding process. Shattering markers have been developed by Suzuki et al. (2010).
Validating these novel markers for their usefulness in detecting pod shattering-
resistant cultivars could enhance breeding activities and thereby improve soybean
production.

There is narrow genetic base of soybean in Ghana (MoFA, 2003b). The need to
widen the genetic base so that suitable varieties that possess required agronomic traits
can be developed is necessary. Most of the varieties currently available to farmers are
susceptible to shattering (Mohammed, 2010) which require research attention. The
shattering molecular markers developed have not been validated with the accessions
in Ghana. This requires research effort to assess their usefulness for breeding

shattering- resistant cultivars.

The narrow genetic base of soybean in Ghana is a major constraint to genetic
improvement, therefore broadening the genetic base will ensure development in the
country. Several soybean processing factories have sprung up and are looking for
varieties with high yields and high oil content. Soybean varieties developed in IITA
may not meet the specific needs of end users in Ghana; there is therefore the need for
crosses to be initiated to develop varieties suitable for the local consumers. To address
this problem requires the introduction of new germplasm from different geographical

locations to enhance the genetic diversity in Ghana.

Similarly, if efforts to increase productivity could be realised, then shattering, this is a

major constraint to yield and needs to be addressed. Therefore, this work was



designed to find solutions to soybean pod shattering problem in Ghana. Soybean
shattering-resistant markers have been developed and these markers have to be
validated for their usefulness in breeding and selection for shattering-resistant

genotypes in Ghana.

The main objective of this study was to evaluate the genetic diversity existing among
local and exotic germplasm (from 1ITA, Nigeria and Brazilian Agricultural Research
Corporation (EMBRAPA), Brazil) and to validate SSR shattering-resistant markers

for marker assisted breeding.

The specific objectives were to:

I.  Study the relationship between soybeans from EMBRAPA, IITA and released
varieties currently grown by farmers.
ii.  Correlate the cluster generated from both SSR molecular markers and

morphological traits.

iii.  Validate the usefulness of shattering resistance markers on 36 soybean

germplasm and F1 hybrids from known susceptible and resistant genotypes.



CHAPTER TWO

2.0 Literature Review

2.1 Biology of Soybean

The genus Glycine (Wild) is composed of two subgenera: Glycine and Soja (Moench)
F.J. Herm. The wild perennial soybeans belong to the subgenus Glycine and
composed of 16 wild perennial species (Newell and Hymowitz, 1980; Tindale, 1984,
1986a, 1986b; Singh and Hymowitz, 1985; Tindale and Craven, 1988, 1993). Wild
perennials are diverse in morphology, cytology and genome (Singh et al., 1988; 1998;
1992a; b).

The cultivated soybean and its wild annual progenitor G. soja (Sieb. and Zucc.)
belong to the subgenus Soja, which are diploid (2n=2x=40), are cross compatible,
usually produce vigorous fertile F1 hybrids, and carry similar genomes (Palmer et al.,
1996; Acquaah, 2007). There are more than 100,000 G. max accessions, less than
10,000 G. soja accessions, and approximately 3,500 accessions of perennial Glycine

species in germplasm collections throughout the world (Juvik et al., 1985).

In ideal soil conditions, soybean is infected by Rhizobium bacterium, resulting in
roundish nodules on the roots in which the nitrogen-fixing bacteria live for N-fixation.
The nodulated root system consists of a taproot from which emerges a lateral root
system. The plants of most cultivars are covered with fine trichomes, but glabrous

types also exist.

The primary leaves of soybean are unifoliate, opposite and ovate. The secondary
leaves are trifoliate and alternate; the leaves are compound with four or more leaflets

occasionally present.



The flowers are either purple or white, and are borne in axillary racemes on
penduncles at the nodes. The papilionaceous flower consists of a tubular calyx of five
sepals, a corolla of five petals (one banner, two wings and two keels), one pistil and
nine stamens with a single separate posterior stamen. The stamens form a ring at the
base of the stigma and elongate one day before pollination, at which time the elevated

anthers form a ring around the stigma and are self pollinated (Acquaah, 2007).

The plant produces a large number of flowers, but only about two-thirds to three-
quarters of them produce pods (Acquaah, 2007). The pods are also pubescent and
range in colour from light-yellow to black. They are usually straight or slightly curved
in shape, vary in length from two to seven centimetres, and consist of two halves of a

single carpel which are joined by a dorsal and ventral suture.

The pod usually contains one to three seeds (occasionally four) (Asafo-Adjei, 2005).
The shape of the seed, usually oval, can vary amongst cultivars from almost spherical
to elongated and flattened. The seeds are usually uncoloured and may be straw-
yellow, greenish-yellow green, brown, or black (Acquaah, 2007). Bicoloured seeds
exist, such as yellow with a saddle of black or brown. The hilum is also coloured with

various patterns such as yellow, buff, brown or black (Acquaah, 2007).

2.2 Soybean Improvement in Ghana

Soybean is a relatively new crop in Ghana compared to other leguminous crops such
as cowpea and groundnuts (Asafo-Adjei et al., 2005). The soybean breeding
programme in Ghana is spearheaded by the Crops Research Institute, Kumasi and

Savannah Agricultural Research Institute, Tamale; of the Council for Scientific and



Industrial Research (CSIR) with the support of other international institutions, such as

IITA and EMBRAPA.

The released soybean in Ghana varieties are Salintuya-1, Bengbie, Anidaso, Quarshie,
Jenguma, Nangbaar, Ahoto and Salintuya-2; and were original breeding lines
developed in ITA (Asafo Adjei and Adekunle, 2001; Asafo-Adjei et al., 2005). These
varieties had some desired traits such as high stable yields, disease resistance and
shattering resistance (Mohammed, 2010). Grain yields of these released varieties
range from 1.2-2.8 t/ha depending on the cultivar, environment and management

practices employed (Lawson et al., 2008).

Soybean is well adapted to wide range of climate and soil conditions. In Ghana, the
best environments for soybean cultivation are the Forest-savanna transition, Guinea-
savanna and Sahel agro-ecological zones with well-drained fertile soils and annual
rainfall not less than 700 mm distributed throughout the growing period (Asafo-Adjei

et al., 2005; Lawson et al., 2008).

The demand for soybean has increased after an initial production of about 1,000
metric tonnes in 1990 to an estimated production of about 15,000 metric tonnes in
2004 (Asafo-Adjei et al., 2005). Ministry of Food and Agriculture Draft Policy
Report (2006) projected an annual production of 40,000 metric tonnes by 2008.
While this is far below the demand of over 90, 000 metric tonnes required by the
existing 20 and smaller to medium scale industries (MoFA, 2002) that process

soybean.

The Ministry of Food and Agriculture projects that Ghana has a potential of 750, 000
MT annually from an estimated 500,000 ha of arable land that is suitable for soybean

cultivation in Ghana (MoFA, 2003a). According to the Statistics, Research and



Information Directorate (SRID) of Ministry of Food and Agriculture, total domestic

production in 2010 was 124,045 MT (MoFA, 2011).

World production of soybean for 2010 indicated that the USA is leading producer;
produced about 90.6 million metric tonnes followed by Brazil with 68.6 million MT;
and China being the centre of origin produced 15.1 million MT (FAO 2012). In terms
productivity in that same year, USA and Brazil produced almost the same with 2.92

ton/ha and 2.94 ton/ha respectively; whilst China recorded 1.77 ton/ha (FAO 2012).

In Africa, South Africa is the leading producer with 566,000 MT; followed by
Nigeria, 393,860 MT and Uganda, 175,000 MT (FAO 2012). Soybean productivity
figures in African have been relatively low. According FAO (2012), South Africa
produced 1.82 ton/ha, followed by Nigeria with 1.40 ton/ha then Uganda producing

1.13 ton/ha as at 2010.

2.3 Economic Importance of Soybean
Soybean, grown primarily for the production of seed, has several uses in the food and
industrial sectors, it represents one of the major sources of edible vegetable oil and

proteins for livestock feed (Asafo-Adjei, 2005).

In Ghana the cereals, root and tuber crops and plantains supply mainly carbohydrates,
whilst the grain legumes are the major source of proteins, fat and essential
micronutrients in the diets. Among the grain legumes, soybean currently ranks third
after groundnut and cowpea in terms of production and utilization (Asafo-Adjei et al.,
2005). Soybean seed contains about 38.5 - 45.8 % protein, 15.84 — 30 % carbohydrate
and 17.4 — 20 % oil (Asalm et al., 1995; Asafo-Adjei, et al., 2005, 2007a; Mebrahtu,

2008). It is also rich in minerals particularly calcium, phosphorus, iron and vitamins



(thiamin, riboflavin and niacin) (Messina, 1999; Nti et al., 2005). Soybean oil is of
high quality and has no cholesterol. Its protein is also of high quality and comparable

to those from animal sources such as meat, egg and milk (Carroll et al., 1978).

In Ghana, soybean cake/meal is a preferred protein source in the animal feed
industry. Currently, it is used in preparing weaning foods for infants to prevent
kwashiorkor (protein malnutrition) in children (Asafo-Adjei et al., 2005). It is used to
fortify various traditional foods such as gari, stew, sauces, banku, and kenkey to
improve their nutritional levels without changing their taste or cooking time (Asafo-

Adjei et al., 2005).

The soybean crop is able to fix atmospheric nitrogen for its own use and a residual for
the succeeding crop in rotation. The use of soybean in rotation with cereals results in
drastic reduction in striga seed bank in soils (Kroschel and Sauerborn, 1988; Alabi et
al., 1994; Berner et al., 1994; Denwar and Ofori, 2003) thus, making it possible for

such cereals to be grown with minimal or no striga attack.

In Brazil, which accounts for about 27% of the world soybean production, harvested
raw produce are intrinsically related to its agribusiness. In 2004, soybean exports from

Brazil were US$10.0 billion (EMBRAPA 2003; MAPA 2005).

2.4 Shattering in soybean

Shattering (dehiscence) is simply the splitting of dry fruit to release its seeds prior to
harvesting. Matured dried pods of soybean burst open along the dorsal and ventral
sutures and scatter their seeds under less humid conditions. The dehiscence of
soybean pods is one of the major obstacles to mechanical harvesting, because of
losses due to scattering seeds. Therefore, a high degree of resistance to pod shattering

is essential in commercial soybean cultivation. There are a lot of factors influencing



pod dehiscence in soybean; these include anatomical structure of pod, environmental
factors, and genotype by environment interactions (Tukamuhabwa et al., 2002)).
Also, low humidity, high temperature, rapid temperature changes, wetting and drying
are some of the environmental conditions. Calson (1973) stated that the direct cause
of pod dehiscence must be the difference in tension developed in cells of the inner

sclerenchyma layer due to moisture loss.

Evaluation methods for pod shattering have been established (Tsuchiya, 1986; Jiang
et al., 1991; Tukamuhabwa et al., 2002) and have proven usable in breeding
programmes (Tsuchiya, 1986). This involves heated air drying treatment of pods at
60°C for three hours in the laboratory. In the field, pod shattering is indicated by the
date of incipient shattering (number of days from maturity to the date when pod
shattering began in each plant) and the degree of shattering (percentage of shattered

pods to all pods of each plant on the 40" day after maturity).

2.5 Genetic Diversity of soybean

Information on genetic diversity and relationships in crop plants are important for
efficient selection of parental lines for new crosses and preservation of germplasm by
plant breeders (Tatineni et al., 1996). Traditionally, morphological traits have been
used to distinguish crop varieties (Chowdhury et al., 2001). Morpholgical traits are
highly influenced by environmental factors. For plants with narrow genetic base, such
as soybean, molecular characterisation can provide additional information on their

degree of genetic diversity (Acquaah, 2007).
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2.5.1 Genetic diversity in soybean germplasm based on morphological characters

Success of a crop breeding programme depends on the extent of variability present in
the available germplasm, choice of the parents and the selection procedure.
Morphological traits or characters reflect not only on the genetic composition of a
cultivar, but also the interaction of the genotype with the environment in which it is

expressed (Smith and Smith, 1992).

According to Shadakshari et al. (2011), among the 12 morphological characters used
to analyse the genetic diversity of 50 soybean germplasm, number of seeds per plant
accounted for 40.24 % in assessing the diversity; followed by seed yield per plant
contributing 20.12 %. Dayaman et al. (2009) also reported that among the 22
morphological traits used to investigate diversity of selected Indian soybean
accessions, seed yield recorded highest coefficient of variation of 40.06 followed by

number of branches per plant.

Mebatsion et al. (2012) evaluated grain shape variability using principal component
analysis (PCA) and 99 % of the variation in the shape of grains was captured by the
first two principal components. Similarly, Bhartiya et al. (2011) used PCA to
determine the variability of both indigenous and exotic black soybean from different
eco-geographic regions of the world for which the first four principal components
together accounted for 70.28 % of the total variance. Feng et al., (2008) also used
PCA to evaluate the genetic relationship among 40 soybean genotypes of Southern
United States of America. They found that the first and second principal components
accounted for 69 % and 3 %, respectively, of the total variation.

In using morphological data for cluster analysis, Dayamann et al. (2009) used 45

soybean accessions and grouped them into six different clusters based on morphology.
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Griffin and Palmer (1995) grouped 68 genotypes of soybean into seven clusters based
on morphology. Ojo et al., (2012) also reported that phenotypic diversity among 40

soybean genotypes using cluster analysis generated seven clusters.

2.6 Use of molecular markers for breeding

Traditionally, genetic diversity of cultivars of Glycine max is determined by a
combination of morphological or agronomic traits and biochemical tests/assays
(Chowdhury et al., 2001: Dayaman et al., 2009). Most commercial and released
soybean cultivars arose from hybridization between members of an elite group of
genotypes; hence the amount of genetic variability among those cultivars is small
(Chowdhury et al., 2001). Such cultivars are often indistinguishable based on agro-
morphological traits or biochemical tests which are often subjected to environmental
influence interplaying with a number of genes and thus may not represent genetic
divergence in the entire genome (Diwan and Cregan, 1997; Brown-Guidira et al.,
2000). A large number of polymorphic markers are required to measure genetic
relationships and genetic diversity; as a result, it is now widely accepted that
information generated from DNA-based analyses using Restricted Fragment Length
Polymorphism (RFLP), Random Amplified Polymorphic DNA (RAPDs), Simple
Sequence Repeats (SSR) and Amplified Fragment Length Polymorphism (AFLP)
alone, or with morphological analyses provide the best estimate of genetic diversity

(Chowdhury et al., 2001).

2.6.1 Use of Microsatellites as molecular marker

Microsatellites also known as simple sequence repeats (SSR) consist of tandemly
repeated, short DNA sequence motifs (Maughan et al., 1995). The popularity of

microsatellites stems from a unique combination of several important advantages;
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they are codominant markers, high genomic abundance in a population, and random
distribution throughout the genome (Morgante et al., 2002). They exhibit allelic
diversity. Their reproducibility is much higher than RAPDs (Demeke et al., 1997;
Karp et al., 1997). The flanking sequences of microsatellites are usually highly
conserved, making it possible to design universal primers for their study across

genomes (Akkaya et al., 1992; Diwan and Cregan, 1997).

Although microsatellites are very useful in general, they also have certain
disadvantages; including relatively high cost of marker development, occasional

occurrence of artefacts, such as stutter bands (Walsh et al., 1996).

In general, microsatellites show a high level of polymorphism, so they are very
informative markers. They can be used for population genetic studies and gene
mapping, ranging from the individual level (e.g. clone and strain identification) to that

of closely related species (Jarne and Lagoda, 1996).
2.6.2 Assessing genetic diversity in soybean germplasm using SSR markers.

Molecular markers are frequently used in the analysis of soybean germplasm. Simple
sequence repeats markers have been shown to be highly polymorphic in soybean
(Akkaya et al., 1992; Diwan and Cregan, 1997). The analysis of the polymorphism in

DNA sequences allow for a more accurate genetic characterization.

Abe et al., (2003) used 20 SSR loci in 131 accessions introduced from 14 Asian
countries to detect genetic diversity among them. Morgante and Olivieri (1994)
detected similar levels of polymorphism in seven SSR loci in a group of soybean
genotypes. Akkaya et al. (1992) used several types of SSRs to analyze the diversity of
43 soybean genotypes including ancestral and domestic cultivars representing the

northern and southern U.S germplasm. Doldi et al. (1997) found two to six alleles per
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locus in a group of 18 soybean cultivars using 12 microsatellite loci. Diwan and
Cregan (1997) observed an average of 10.1 alleles per locus in a total of 20 loci
studied in soybean genotypes that represented 95% of all alleles of the germplasm
cultivated in the north of the United States. In a study on 186 Brazilian soybean
cultivars, Priolli et al. (2002) found four to eight alleles per loci using 12 SSR loci
studied. They determined that SSR with (AT) and (ATT) repeat motifs were highly

polymorphic in soybean and identified up to eight alleles at each locus.

Rongwen et al. (1995) identified 11 to 26 alleles at each of seven SSR loci in a
diverse sample of soybean genotypes that included U.S. cultivars, G. max and G. soja
plant introductions and Chinese landraces. Maughan et al. (1995) detected 79 alleles
across five SSR loci in a sample of 94 soybean accessions of G. max and G. soja

genotypes.

Tantasawat et al. (2011) used 11 SSR primers to analyse genetic relationships among
25 soybean genotypes. They reported that genetic similarity between genotypes and
that the 25 genotypes formed four major clusters. Singh et al. (2010) also reported a
cluster analysis based on coefficient of similarity classified 44 soybean genotypes into
four major clusters derived from 120 SSR makers. Dayamann et al. (2009) used 11
SSR markers to analyse genetic diversity of 45 soybean genotypes and these

accessions were grouped into 14 different clusters.

2.6.3 Use of shattering markers in marker-assisted selection (MAS)

Marker assisted selection (MAS) involves the use of genetic markers to follow
regions of the genome that encode specific characteristics of a plant. The reliability of
a marker to genetically predict a trait to a target locus depends upon the closeness of

the genetic linkage (Barr, 2009). According to Barr, (2009), markers that co-segregate

14



(presence of resistant or susceptible allele) with the target trait are reliable and are

regarded as diagnostic.

Although conventional heat and drying methods have been established in evaluating
pod shattering in soybean, they are not convenient (Tsuchiya, 1986). However, these
methods are not suitable for backcross breeding because pod shattering resistance has
proven partially recessive (Tsuchiya, 1986, 1987; Tukamuhabwa et al., 2002), which
implies the need for progeny testing for selection. Thus, a more efficient method such

as marker-assisted selection is desirable.

Funatsuki et al. (2006) reported that the major gene conferring pod shattering
resistance derived from soybean cultivar Hayahikari was located between Sat-093 and
Sat-366 on linkage group J. The distance between these markers was estimated to be
2.9 cM and 6.7 cM by Funatsuki et al. (2006) and Song et al. (2004) respectively,
which may be at usable level for applying marker-assisted selection. Soybean pod
shattering has been found to be a quantitative trait locus (QTL) and was designated as

gPDHL1 (Bailey et al., 1997; Funatsuki et al., 2008).

In the development of a useful QTL selection marker, progeny of residual
heterozygous line segregating at genomic region around qPDH1 was screened for
flanking markers. Analysis of the relationship between degree of pod dehiscence and
graphical genotype of the lines confined the location of gPDH1 to a 134 kb region on
chromosome 16, formerly linkage group J (Suzuki et al., 2010). Sequencing analysis
of the parental shattering-resistant (Hayahikari) and shattering-susceptible
(Toyosmusume) cultivars for the candidate genes revealed a high-frequency

nucleotide polymorphism at this genomic region; for which three markers namely
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SRMO0, SRM1 and SRM2 have been developed using insertion/deletion (In/Del)

variations of relatively large size (Suzuki et al., 2010).

SRMO marker, associated with shattering-resistance, was designed to amplify at
genomic regions with an 18 bp In/ Del variation with resistant and susceptible
cultivars amplifying at 213 bp and 231 bp, respectively. Similarly, SRM1 marker
distinguished the alleles at 12 bp In/ Del variation with resistant and susceptible
cultivars amplified at 234 bp and 222 bp, respectively. The SRM2 marker also yielded
two distinct alleles with more than 20 bp size difference with resistant and susceptible
cultivars amplifying at 185 bp and 157 bp, respectively. These three markers were
tightly linked to the major QTL, gPDH1, as the genetic distances between the makers
and gPDH1 were estimated to be less than 0.2 cM (Funatsuki et al., 2006; Suzuki et

al., 2010).

The shattering-resistant cultivars that harbour the resistance allele at qPDH1
exhibited the same genotype at these marker loci, which were clearly distinguished
from those for shattering-susceptible cultivars with two exceptions for SRM2 (Suzuki

et al., 2010).

The polymorphism at these marker loci were conserved between diverse shattering-
resistant and susceptible cultivars. Hence, suggesting the versatility and usefulness of

these markers in marker-assisted selection
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CHAPTER THREE

3.0 Materials and Methods

3.1 Experiment 1: Diversity of soybean accessions based on morphological traits
3.1.1 Location and field establishment

The field experiment was conducted at the CSIR-Crops Research Institute at
Fumesua during the major season of 2010. Fumesua (6°43°N, 1°31°W) is located in
the semi-deciduous forest in Ashanti Region of Ghana and characterised by sandy-
loam soils (Parkes et al., 2012). The experimental field was ploughed and harrowed.
Thirty-six soybean accessions made up of 20 lines from IITA, Nigeria; 10 lines from
EMBRAPA, Brazil and six released varieties in Ghana by CSIR-SARI and CRI were
planted in June 2010. The soybean accessions used for the study are listed in Table
3.1. Four row plots measuring 4 m long and a spacing of 60 cm (between rows) by 5
cm (within rows) with three replications were used (Plate 1). Weeds were controlled
by hand hoeing at three and six weeks after planting. Pre-flowering insects were
controlled using karate (2.5 % lamda-cyhalothrin) at 50 ml karate in 15 L of water in
spraying, and against post-flowering insects using cydimethoate (36g cypermethrin
plus 400 g dimethoate per litre) at 100 ml cydimethoate in 15 L of water for

application.
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PLATE 1: Soybean field showing immature green pods

3.1.2 Morphological data collection

Nine qualitative and sixteen quantitative data were collected using morphological and
phenological descriptors based on United States Department of Agriculture (USDA),
Agricultural Research Service (ARS), Germplasm Resources Information Network
(GRIN) (USDA-ARS, 2010). Field data collection was based on the two central rows

of each plot as harvested soybean accessions are shown in Plate 2.

PLATE 2: Labelled dried - harvested soybean genotypes for morphological data
collection.
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Table 3.1 Soybean accessions used for the study

Soybean Source

cultivar/Lines /Institution Country
TGX 1805-31F ITA Nigeria
TGX 1903-7F ITA Nigeria
TGX 1903-8F ITA Nigeria
TGX 1904-2F ITA Nigeria
TGX 1904-3 F ITA Nigeria
TGX 1904-6F ITA Nigeria
TGX 1909-3F ITA Nigeria
TGX 1910-16F ITA Nigeria
TGX 1835-10E ITA Nigeria
TGX1903-2 F ITA Nigeria
TGX 1903-1 F HTA Nigeria
TGX 1842-18E IHTA Nigeria
TGX 1843-29E ITA Nigeria
TGX 1844-4 E IHTA Nigeria
TGX 1844-18E ITA Nigeria
TGX 1910-2F ITA Nigeria
TGX 1910-3F HTA Nigeria
TGX 1910-6F ITA Nigeria
TGX 1910-14F ITA Nigeria
GMX 92-6-10M IHTA Nigeria
Boavista EMBRAPA Brazil
Celeste EMBRAPA Brazil
Tracaja EMBRAPA Brazil
Pirarara EMBRAPA Brazil
Flora EMBRAPA Brazil
Brazillia EMBRAPA Brazil
MG 68 EMBRAPA Brazil
Raimunda EMBRAPA Brazil
MG/BR 46 EMBRAPA Brazil
Sambaiba EMBRAPA Brazil
Jenguma CSIR-SARI Ghana
Salintuya-1 CSIR-SARI Ghana
Sanlintuya-2 CSIR-SARI Ghana
Quarshie CSIR-CRI Ghana
Nangbaar CSIR-SARI Ghana
Anidaso CSIR-CRI Ghana
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3.1.3 Scoring of Qualitative traits soybean
3.1.3.1 Flower Colour

Flower colour was scored using the code in Table 3.2

Table 3.2 Flower code

Code Definition

B Blue

Dp Dark purple

Lp Light purple

M Magenta

Nw Near white

P Purple

Dilute purple (purple

Pth throat)

W White

3.1.3.2 Pod Colour

Pod colour was recorded when pods had dried and were scored as in Table 3.3.

Table 3.3 Pod Colour

Code Definition

BI Black

Br Brown

Dbr Dark brown
Lbr Light brown
Tn Tan

3.1.3.3 Pubescence colour

Pubescence colour was recorded when plants have dried and was scored as in Table
3.4

Table 3.4 Pubescence colour

Code Definition

G Gray

Lt Light tawny
Ng Near gray
T Tawny
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3.1.3.4 Pubescence density

Pubescence density was recorded when plants were fully matured and scored using

Table 3.5

Table 3.5 Pubescence density

Code Definition

Dn Dense (increased density most noticeable on stem)

G Glabrous (no pubescence)

N Normal density

Sdn Semi-dense (slightly increased density)

Sp Sparse (greatly reduced density, most noticeable on stem)

Ssp Sem!-sparse (slightly - reduced  density, especially on
pulvinus)

3.1.3.5 Pubescence form
Pubescence form was scored as in Table 3.6.

Table 3.6 Pubescence form

Code Definition

A Appressed (most hairs flat on leaf surface)

C Curly (twisted and appressed)

E Erect on leaf surface

I Irregular (slightly curly or twisted)

Pt Puberulent (minute)

Sa Semi-appressed (between erect and appressed)
Va Very appressed (all hairs flat on leaf surface)

3.1.3.6 General shape of seed
General shape of seed was scored using as in Table 3.7

Table 3.7 General shape of seed

Code Definition

Nr Near round
Ob Oblong (near rectangular in lateral outline)
Ov Oval (elliptical in lateral outline)
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3.1.3.7 Seed Coat Colour and Hilum Colour

Seed coat colour and observed hilum colour characters were recorded using the colour
code in Table 3.8.

Table 3.8 Colour code for seed coat and hilum

Colour

Code Definition

Bf Buff

Bfib Buff/imperfect black
BI Black

Blbr Black hilum w/ brown
Br Brown

Brbl Brown w/ black

Dbf Dark buff

Dbr Dark brown

Dg Dark gray

Dib Dark imperfect black
Drbr Dark red brown

G Gray
Ggn Grayish green
Gn Green

Gnbl Greenish black
Gnbr Greenish brown

H Heterogeneous
Ib Imperfect black
Ig Imperfect gray
Lbf Light buff

Lbl Light black

Lbr Light brown

Lg Light gray

Lggn Light gray green

Lgn Light green

Lib Light imperfect black
Rbf Reddish buff

Rbl Reddish black
Rbr Reddish brown
Tn Tan

Y Yellow
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3.1.3.8 Maturity group

Maturity group was evaluated based on the number of days from germination to
when senescence of the leaf begun and pod colour changed from green to light brown
or tan. Three categories of maturity period namely: early, medium, and late were
assessed as indicated in Table 3.9.

Table 3.9 Maturity group

Days Maturity group  code
<100 Early E
101-114 Medium M
> 115 Late N

3.1.3.9 Statistical analysis of qualitative data collected

The qualitative data was analysed using Statistical Analysis System (SAS) version 9.2
(2007). Qualitative traits were considered as nominal and were transformed into
dummy binary-valued variables as presence or the opposite as applied to the attribute
and were indicated as “1” or “0”, respectively. Jaccard coefficient was computed
using DISTANCE procedure in SAS (SAS, 2008). The CENTROID method was also
used to perform the hierarchical cluster analysis using the distance matrix produced
by the DISTANCE procedure. Distance matrix was then converted into similarity

measure using PROC CLUSTER method as in SAS (2008).
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3.1.4 Scoring of quantitative traits
3.1.4.1 Nodulation count

Visual nodulation was counted at 52 days after planting (when the number of nodules

had increased till pod filling began) and was scored on a scale from 1= no nodule to

5 = ample large, active nodules.

3.1.4.2 Days to 50% flowering

Days after planting to the day that 50 % of a soybean genotype flowers was scored

visually.

3.1.4.3 Plant height at maturity

Three plants was randomly selected and plant height measured using measuring rule,
from ground level to stem tip in centimetres at maturity, for each replication and mean
plant height recorded.

3.1.4.4 Scoring of stem lodging

The tendency of stem to lodge was measured at maturity. Lodging was scored visually
on the scale 1 (erect) to 5 (prostrate).

3.1.4.5 Pod length of soybean

Average length of Five pods from each genotype was randomly selected was
measured in millimetres using vernier calliper (Tricle brand-name) and average length

recorded.
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3.1.4.6 Seed Shape

Seed shape in USDA-ARS descriptor (2010) generated data on seed height, seed
length and seed thickness. Five seeds from each of the selected plants (in section
3.1.4.7) were selected and measurements taken using vernier caliper (Tricle brand)
and their mean measurements recorded. The seed shape based on height/length ratio
and height/thickness ratio was also measured using vernier caliper. These ratios were

compared based on the USDA-ARS Soybean descriptors as in Tables 3.10 and 3.11.

Table 3.10 Distribution of values for seed shape

Code Definition

1F Height-length ratio > 0.95 and height-thickness ratio > 1.40

1IN Height-length ratio > 0.95 and height-thickness ratio 1.11 - 1.39

1R Height-length ratio > 0.95 and height-thickness ratio < 1.10

2F Height-length ratio 0.87 - 0.94 and height-thickness ratio > 1.40

2N Height-length ratio 0.87 - 0.94 and height-thickness ratio 1.11 - 1.39
2R Height-length ratio 0.87 - 0.94 height-thickness ratio < 1.10

3F Height-length ratio 0.79 - 0.86 and height-thickness ratio > 1.40

3N Height-length ratio 0.79 - 0.86 and height-thickness ratio 1.11-1.39
3R Height-length ratio 0.79 - 0.86 height-thickness ratio < 1.10

4F Height-length ratio 0.71 - 0.78 and height-thickness ratio > 1.40

4N Height-length ratio 0.71 - 0.78 and height-thickness ratio 1.11 - 1.39
4 Height-length ratio 0.71 - 0.78 height-thickness ratio < 1.10

5F Height-length ratio < 0.70 and height-thickness ratio >1.40

5N Height-length ratio < 0.70 and height-thickness ratio 1.11 - 1.39

5R Height-length ratio < 0.70 height-thickness ratio < 1.10

Side view: 1 (Round) — 5 (Very elongated)

'Y X X X |

1 2 3 4 35
o0
R N F

End view: R (Round), N (Normal), and F (Flat)
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Table 3.11 Longitudinal section of seed shape

Height/length Class
>0.95 1
0.87- 094

2
0.79-0.86

3
0.71- 0.78

4
<0.70 5

Height/thickness  Class

>1.40 F (flat)
1.11-1.39 N (normal)
<1.10 R (round)

3.1.4.7 Number of branching per plant

Five plants were randomly selected at harvest and branches that had emerged from the

main stem were counted using a tally-counter (Brannan brand-name).

3.1.4.8 Biomass per plant

Five plants selected (same plants as in section 3.1.4.7), each whole plant with stem,
branches, and pods was weighed; and a mean weight in grams recorded using

analytical balance (Model: aeADAM AEP-6000G).
3.1.4.9 Number of pods per plant

Selected plants (same plants as in 3.1.4.7) and the number of pods on each plant were

counted using a tally-counter (Brannan brand-name).
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3.1.4.10 Number of seeds per plant

The randomly selected five plants (Section 3.1.4.7) were threshed and seeds from

each plant were counted using a tally-counter (Brannan brand-name).

3.1.4.11 Hundred-seed weight

Hundred seeds from each of the five plants selected (in section 3.1.4.7) was counted
and their mean weight (100 seeds) in grams (g) recorded using an analytical balance

(Model: aeADAM AEP-6000G).
3.1.4.12 Seed weight per plant

Threshed seeds from each of the five plants were weighed and a mean weight in

grams recorded using an analytical balance (Model: acADAM AEP-6000G).
3.1.4.13 Days to maturity

The date that 95 % of the pods reached final colour (when pod colour changes from
green to tawny) on the field was expressed in days that a soybean genotype had

reached its maturity to be harvested.

3.1.4.14 Statistical analysis of quantitative data collected

For the quantitative traits, genetic similarity between pairs was calculated according
to Euclidian coefficient and also centroid method of hierarchical cluster analysis was
performed (SAS, 2008). The morphological data were subjected to analysis of
variance (ANOVA) using the general linear model (GLM) procedure and mean
separations were done using the Student Newman Keuls test under SAS (2007).
Log(x+1) transformation was used on the morphological count data to stabilize the

variance and normalize the data before the analysis. Also, using the correlation
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procedure of SAS (2007), Pearson correlation coefficients matrix of quantitative traits

was calculated.

A stepwise discriminant analysis was also conducted with the quantitative trait
variables to rank them in order of importance in terms of phenotypic variance among
the soybean accessions. Traits that did not have significant correlation with principal
component scores were considered as redundant and unimportant. Again using the
principal component analysis procedure of SAS (2007), PCA was performed on the
mean values of the important traits from the stepwise discriminant analysis that
accounted for most of the variations within the accessions. The biplot analysis and its
graphical output were then used to understand and interpret the relationship and

association between the soybean accessions and the observed quantitative trait.

3.2 Experiment 2: Diversity studies in soybean using SSR molecular markers

This study was conducted at CSIR-CRI Molecular Biology Laboratory, Fumesua in

Kumasi.
3.2.1 DNA extraction:

Genomic DNA extraction was done using young but opened leaves from three-week-
old soybean seedlings, Qiagen extraction kit (Qiagen sciences) was used for the

extraction following the manufacturer’s instructions.

3.2.2 Determination of quality and quantity of DNA extracted

Quality of DNA was assessed using gel electrophoresis and UV-adaptable
spectrophotometer (Biochrom Libra S12). DNA quantification was performed by

taking absorbance measurements at 260 nm and 280 nm.
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A volume of 5 pl genomic DNA of each soybean genotype was added to 495 pl
sterilised water in 0.5 ml eppendorf tube and were thoroughly mixed by vortexing.
Resultant solution was carefully pipetted into a cuvette (UVette® 220-1600) and
absorbance at 260 nm and 280 nm were read using spectrophotometer. The ratio of
the readings obtained at 260 nm and 280 nm were calculated to assess the quality.
Pure DNA free of protein contamination had Azeo/Azgo ratio close to 1.8. Phenol or

protein contamination in the DNA prep gave less than 1.8 for the ratio A2eo/A2so.

A standard solution of DNA with a concentration of 50pg/ml had an absorbance at

260 nm equal 1.0. (Stephenson H. F., 2003)

An absorbance of 1 at 260 nm = 50 pg/ml dsDNA

DNA concentration (pg/pl) = Azeo X dilution factor X 50 pg/ml

1000

Dilution factor = 100

3.2.3 Genetic characterisation of Soybean using SSR markers/primers.

The genetic diversity of soybean germplasm obtained from Ghana, Nigeria and Brazil
were studied using 20 SSR markers (Appendix 11). The germplasm from Nigeria
were developed at IITA, the Brazilian germplasm were obtained from EMBRAPA
and varieties from Ghana were obtained from CSIR- Crops Research Institute. DNA
extraction and purity were done as indicated in sections 3.2.1 and 3.2.2, respectively.

PCR amplification was performed using the 20 soybean SSR primers.

3.2.4 PCR amplification of soybean SSRs

The soybean SSR primers were used to amplify the genomic DNA extracted from

soybean (Table 3.1).1X PCR reaction mixture (Biolabs regents) comprised of 6.15 pl
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nuclease free water, 1 pl of 10X PCR buffer, 0.9 ul of 25 mM MgCly, 0.4 ul of 10
mM dNTPs, 0.25 pl of each 5 uM primer (F/R), 0.05 pl of 5 U/pl Tag Polymerase
and 1 pl of 30 ng/ul genomic DNA were pipetted into a PCR tube. In all, 38 X PCR
reaction mixtures were prepared for one primer for the 36 samples; this was
subsequently repeated for the twenty (20) SSR primers.

The amplification processes were carried out using thermocyler (Gene Amp® PCR
system 9700 version 3.09) at 95 °C / 2 min as initial denaturation; followed by 92 °C/
1min, 47 °C/ 1 min, 72 °C / 1 min for 33cycles; and 72 °C / 10 min. as the final
extension. After the amplification process 2 pl of 6X loading dye (Fermentas) was
added to each PCR product; and electrophoresed on 6 % non-denaturing
polyacrylamide gel (Appendix 8). The extreme end wells were loaded with 4 pl 100
bp ladder to estimate band size. Each well was loaded with 12 pl PCR-dyed products

and were run at 120 volts for 45 minutes after which it was silver-stained.
3.2.5 Staining of the polyacrylamide gel (PAGE)

The electrophoresed gel was fixed for 10 minutes in fixation solution (10 % v/v acetic
acid) with gentle shaking and then washed in distilled water for two minutes. The
fixation step was followed with oxidation with 1.5 % v/v nitric acid for three minutes.
After incubating in silver staining solution (0.1% wi/v silver nitrate, 750 ul
formaldehyde), the gel was washed in distilled water for 10 seconds, and then
transferred to cold developing solution (3 % w/v sodium carbonate, 3 ml
formaldehyde, 250 ul 1X sodium thiosulphate) to develop the silver-stained DNA
bands. The process was stopped using a stop solution (10 % v/v acetic acid). The gel
was washed in de-ionized autoclaved water and photographed using digital camera
(Rollei FLexline 202). The photographed gels were downloaded onto a computer for

scoring. The scores were analysed using SAS for Windows, version 9.2 (SAS, 2007).
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3.2.6 Statistical analysis of SSR molecular marker data

The photographed gels were downloaded onto a computer and weighted bands were
scored as presence or absence of band using DNA ladder as the reference (1 kb
Invitrogen and 100 bp Fermentas). Using the binary scored data (presence or absence
of DNA bands), genetic similarity between pairs of soybean genotypes was calculated
according to Jaccard’s similarity coefficient, followed by centroid method of
hierarchical cluster analysis using CLUSTER procedure in SAS statistical software

(SAS, 2007).

3.3 Experiment 3: Validation of SSR shattering resistance markers for marker-

assisted selection in soybean

The usefulness of available soybean shattering markers was validated on the 36
soybean accessions used in this study. First, the three SSR shattering resistance
markers were analyzed using all the accessions. Secondly, crosses were made
between susceptible and resistant (Salintuya-2 X Jenguma) cultivars, resistant by
resistant (Flora X Jenguma) cultivars and another resistant by resistant (Tracaja X
Flora) cultivars. The markers used are listed in Table 3.12. DNA was extracted from
the leaves of two plants each of the Salintuya-2 X Jenguma and Flora X Jenguma F1
hybrids and one plant of the Tracaja X Flora hybrid as was done in section 3.2.1. PCR
and agarose gel electrophoresis was also done as in section 3.2.4. DNA bands were
scored according to the reported base pair sizes of their respective resistance/

susceptible shattering markers.
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3.3.1 Generation of F1 Hybrids

Parents for the generation of F1 hybrids were planted in sterilized soils (sandy loam)
soils. The soil was sieved to obtain loose, aerated and uniform soil structure. Thirty-
two pots with drainage holes beneath them; each measuring 19.0 x 15.5 x 15.5 cm
were filled with the treated soil. Four seeds were planted per pot and thinned to two
stands per pot after emergence. Each of the four soybean parental lines had eight pots.
Planting dates were staggered (10 days difference) to ensure synchronization of
flowering for crossings. Watering was done as and when necessary. DNA was
extracted after three weeks of leaf emergence.

At flowering, crosses were done by pulling off buds of female parents gently and
emasculating using a pair of forceps and with the aid of optical visor (magnifying
lens). All other axillary shoots were removed from the axil to avoid misidentification
of hybridized-pod at maturity. Desired pollen from a male flower (fully matured

opened flower) was transferred to the stigma of emasculated female flower (Plate 3).

PLATE 3: Artificial of pollination PLATE 4: Labelled pollinated soybean
soybean plant in potted plants
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Each cross was well-labelled with names of the two parents and date of pollination
(Plate 4). Pollination/hybridization was done in the morning to ensure high success
rate.

Successful crosses at F1 (Salintuya-2 X Jenguma, Tracaja X Jenguma and Flora X
Jenguma) were also planted in a sterilized potted- sandy-loam soils.

DNA extractions from these successful F1 progenies were also done as described
section in 3.2.1 after which PCR amplification was conducted with the soybean SSR

shattering resistance markers.
3.3.2 Soybean SSR markers controlling pod shattering

The SSR shattering markers with their sequence and their order of closeness to
quantitative trait locus (QTL) controlling pod shattering designated as qgPDH1 are

presented in Table 3.12

Table 3.12 List of soybean SSR shattering resistance markers

Order of

closeness Name

to of

gPDH1  Marker Forward primer sequence ( 5'—3") Reverse primer sequence ( 5'—3")

1 SRM0 GCCAGCCTTGTCTGTCATTT TGATGATCAATGGTCAGATTCA
2 SRM1 AGAGCAAGAAATCACGTTGCA CACCTCACCCCTTTTTCTCA

3 SRM2 AATCGTATTAAAATTGAAGGCATGT AGGGGTTGAGGATGAGGAGT

3.3.3 PCR amplification of pod shattering markers

The soybean SSR primers were used to amplify the genomic DNA extracted from the
four soybean parental cultivars (Salintuya-2, Jenguma, Tracaja and Flora) and their
successful F1 progenies. 1X PCR reaction mixture (Biolabs regents) comprise of 6.15
Ml nuclease free water, 1 pl of 10X PCR buffer, 0.9 ul of 25 mM MgClz, 0.4 ul of 10
mM dNTPs, 0.5 pl of 5 uM Primer (F/R), 0.05 ul of 5 U/ul Taqg Polymerase and 1ul

of 30 ng/ul genomic DNA were pipetted into a PCR tube. In all, 10X PCR reaction
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mixtures were prepared for one primer/marker; this was subsequently repeated for the
three pod shattering SSR primers.

The amplification process was carried out using thermocycler (Gene Amp® PCR
system 9700, version 3.09) at 95 °C/ 2 min as initial denaturation; followed by 92 °C/
1 min, 55 °C/ 1 min, 72 °C/ 1 min for 33 cycles; and 72 °C/ 10 mins as the final
extension.

After the amplification process, 2 pl of 6X loading dye (Fermentas) was added to
each PCR product; and electrophoresed on 1.8 % agarose gel with 7.5 ul ethidium
bromide (to fluorescence under UV-light) at 120 volts for 45 minutes. The extreme
end wells were loaded with 4 ul of 100 bp ladder to estimate band size. The gel was
then captured in a DNR Bio-imaging system with an in-built camera and connected to

a computer and the bands scored for analyses.

3.3.4 Statistical analysis of shattering marker data

The DNA bands for shattering resistance and susceptible scored alleles were
transformed to dummy binary valued variables. The presence of resistance allele was

indicated as “1”” whilst susceptible allele (the opposite) was indicated as “0”.

Jaccard coefficient between each pair of soybean genotype was computed using
DISTANCE procedure in SAS (2008). Again, the CENTROID method was used to
perform the hierarchical cluster analysis using the distance matrix. Distance matrix

was converted into similarity measure using PROC CLUSTER as in SAS (2007).
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CHAPTER FOUR

4.0 RESULTS

4.1 Genetic Diversity of Soybean accessions based on morphological traits
Genetic diversity of soybean was assessed using both quantitative and qualitative
traits and their cluster analyses are shown in dendrograms presented in figures 4.1 and

4.2 respectively below.

Table 4.1 shows descriptive statistics of quantitative traits with the mean values,
standard deviation, maximum and minimum values of 36 soybean accessions. These
quantitative traits can be grouped into three namely: yield performance, seed
characteristics and other agronomic characteristics. Yield performance attributes
include seed weight per plant, 100-seed weight and shoot biomass per plant. Seed
characteristics variables also include number of seeds per pod, seeds per plant, pod
length, number of pods per plant, seed height, seed length and seed thickness. Other
agronomic characteristics which include lodging count, nodule count, number of

branches per plant, plant height, days to 50 % flowering and days to maturity.

The yield performance of soybean accessions, for example had seed weight per plant
ranging from 3.06 to 44.06 g with a mean seed weight per plant of 20.82 g; 100-seed
weight also ranged from 6.28 to 29.29 g with a mean value of 13.25 g; biomass per

plant ranged from 7.70 to 104.14 g with a mean of 49.03 g.
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Table 4.1: Descriptive Statistics on 18 quantitative traits of Soybean accessions

Variable N  Mean Std Dev Sum Minimum Maximum
Seed wt per plt 36 20.82 9.30 749.42 3.06 44.06
100-seed wt 36 13.25 3.96 476.97 6.28 29.29
Bmas per Plt 36 49.03 21.79 1765.00 7.70 104.14
Seeds per pod 36 2.25 0.44 81.00 2.00 3.00
Seeds per plt 36 164.49 63.31 5922.00 37.10 286.00
Pod Lt 36 3.46 0.44 124.65 2.07 4.20
Pods per plt 36 108.74 31.86 3914.00 47.00 178.00
Seed Ht 36 0.57 0.05 20.66 0.47 0.66
Seed Lt 36 0.69 0.05 25.00 0.59 0.80
Seed thickness 36 0.49 0.07 17.70 0.36 0.63
Lodging count 36 1.53 0.39 55.03 1.07 2.50
Nodule count 36 2.25 0.38 81.07 1.63 3.13
Brchs per plt 36 16.37 9.59 589.16 5.60 56.40
Plt Ht 36 61.19 16.17  2203.00 36 00 86.33
Days to 36 42.06 2.96 1514.00 38.00 52.00

50% flower

Days to maturity 36 105.89 7.23 3812.00 93.00 124.00
“SdHt By SdLt 36 0.83 0.05 29.79 0.68 0.93
“SdHt By SdTk 36 1.18 0.11 42.45 1.02 1.47

*Derived variable. Key: Lt=length Plt=plant Ht=height wt=weight Sd=seed Tk=thickness
Brchs=branches Bmas=biomass

Pod length also ranged from 2.07 to 4.20 cm and the number of seeds per pod varied

between 2.07 and 3.00.

The number of seeds per plant varied from 37 to 286. Again, seed height ranged from
0.47 to 0.66 cm; also seed length ranged from 0.59 to 0.80 cm and seed thickness
ranged from 0.36 to 0.63 cm. Similarly, the number of pods per plant ranged from 47

to 178. Based on standard deviation values, seeds per plant were more variable.

For other agronomic characteristics, days to maturity ranged from 93 to 124, whilst

days to 50 % flower ranged from 38 to 52.

The numbers of branches per plant also ranged from 6 to 56. The other quantitative

traits variables were as shown in the Table 4.1.
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The dendrogram in Fig. 4.1 was derived from eighteen quantitative trait (including
derived variables) variables, with an indicated percentage similarity range of 71-99 %.
At 72 % similarity, three clusters were identified namely I, Il, and Ill. The major
cluster among them was cluster 1l comprising of 32 cultivars of mixed accessions
from all the three countries and had different shades of sub-clusters within it. A minor
cluster, 1 comprised of three Brazilian cultivars namely: Sambaiba, Flora and
Brazillia. Cluster Il had an isolated cultivar (Salituya-2) from Ghana. Genotypes

Tracaja and Pirarara (both Brazilian lines) were 98 % similar quantitatively.
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Figure 4.1: Dendrogram of soybean accessions using 18 quantitative traits. Key: Prefix; b=Brazilian line g=Ghanaian line i=11TA line
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Nine qualitative traits which include flower colour, pod colour, pubescence colour,
pubescence density, pubescence form, seed shape, seed coat colour, hilum colour and

maturity group were also used to assess diversity.

Among the flower colours, two colours namely purple and white were identified in
all the 36 soybean accessions. About 80.6 % was purple whilst 19.4 % being white.
For pod colour, 80.5 % were light brown, 13.9 % brown and 5.6 % dark brown. The
light tawny and tawny colours constituted 13.9 % each of the pubescence colour
whilst near gray and gray were 52.7 % and 19.4 % respectively. The pubescence
densities among the accessions were that, 2.8 % was dense, 13.9 % semi-dense, 5.5 %
sparsely dense and 77.7 % normal density. With the levels of pubescence form, 2.8 %
were erect, 86.1 % were irregular and 11.1 % being semi-appressed. For seed shape of
grains, 5.6 % was near round, 58.3 % oblong and 36.1 % being oval. Among the
various seed coat colours 11.1 % of the accessions were brown, 8.3 % were light gray,
22.2 | -eenish brown and 58.3 % light brown. Also for the hilum colour, 2.8 % was
black, brown and dark brown had 19.4 % each; 22.7 % were brown with black; 30.5
% were light brown. Majority of the maturity grouping were medium constituting
77.8 %, whilst the early and late maturing were 19.4 % and 2.8 %, respectively.

Detailed frequencies of respective qualitative traits has been summarised in Appendix

From the dendrogram (Figure 4.2), percentage similarity scale ranged from 25.3-95
%. At 33 % similarilty, seven different clusters were identified. The major cluster was
cluster Il comprising 16 heterogeneous accessions from Ghana (Quarshie, Jenguma,
Anidaso, Nangbaar and Salintuya-1) and IITA (TGX 1904-3F, TGX 1904-6F, TGX

1910-6F, TGX 1910-14F, TGX 1910-3F, TGX 1904-2F, TGX 1910-2F, TGX 1909-
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3F, TGX 1910-16F, TGX 1844-4E, TGX 1844-18). The second major cluster was VI
comprising seven accessions from Brazil (Flora, Brazillia, Boavista, Pirarara,
Sambaiba, Celeste and Ramunda) with the remaining four clusters (I, 111, IV, V) being
minor having accessions ranging from two-four as shown in Figure 4.2. Clusters IV
and V had three IITA lines each and appeared to be a disjointed group. There was one

outlier, which was cluster V11, a Brazilian line, MG68.

Genotypes ‘TGX 1909-3F’ and ‘TGX 1910-16F’ are IITA lines which were about 95
% similar qualitatively. Genotypes ‘TGX 1904-2F and ‘TGX 1910-2F’ also from

IITA were about 90 % similar.
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4.1.1 Multivariate analysis of sixteen agro-morphological traits of soybean

accessions

A correlation matrix of 16 quantitative trait variables (excluding the derived
variables) was computed using Pearson correlation coefficient (Table 4.2). There were
136 possible correlation coefficients among the traits evaluated and only 48 reached
statistically significant levels at probability of 95 % and above (P < 0.05); with not

less than 0.3 regression value (r > 0.3).

Pods per plant was negatively correlated with pod length (r = -0.04) and seed per pod

(r = -0.17) but positively correlated with number of branches per plant (r = 0.38).
Plant height was negatively correlated with number of pods per plant (r = -0.23) but
positively correlated to biomass per plant (r = 0.55), seed weight per plant (r = 0.55)
and lodging (r = 0.41). Biomass per plant was positively correlated to seed per pod (r=
0.66; P < 0.01), pod length, branches per plant and seed weight per plant. Days to
maturity was positively correlated to days to 50 % flowering (r = 0.64; P < 0.01); and
also with seeds per plant, biomass per plant, seed weight per plant and plant height.
Lodging was positively associated with seeds per plant (r = 0.33), biomass per plant (r

= 0.35), seed weight per plant (r = 0.37) and plant height (0.41).
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Table 4.2: Correlation matrix of 16 morphological traits of soybean accessions

Sd Sd
Pod Sds/ Brches Pods/  Sds Wt Bmas wt/ Ldgn  Nodule PIt Daysto Days to Sd  Sd Sd
Lt Pod [PIt PIt [PIt 100 PIt Plt cnt cnt Ht 50% FI  Maty Ht Lt Tk
Pod Lt 1.00
Sds/Pod 0.63** 1.00
Brches/ Plt 0.13 0.10 1.00
Pods/PIt -0.04 -0.17 0.38* 1.00
Sds/PInt 0.30 0.17 0.35* 0.65** 1.00
Sd Wt 100 0.56** 0.44* 0.17 -0.06 023 1.00
Bmas/PlIt 0.47** 0.48** 0.49** 0.48** 0.66** 0.32 1.00
Sd Wt /PIt 0.63** 0.53** 0.33* 0.32 0.71**  0.46* 0.83** 1.00
Ldgn cnt 0.07 -0.07 031 0.25 0.33* 0.08 0.35* 0.37* 1.00
Nodule cnt 0.03 0.15 -0.01 0.03 0.21 0.20 0.12 0.27 -0.24 1.00
Plt Ht 0.52** 0.63** 0.24 -0.23 011 0.30 0.55** NEEEX 0.41** -0.01 1.00
Days to 50% -0.12 0.08 0.24 0.07 0.06 -0.05 0.32 -0.04 0.04 -0.30 0.22 1.00
Flower
Daysto Maty  0.20 0.20 0.31 0.20 0.35* 0.05 0.56** 0.38* 0.28 -0.27 0.37* 0.64** 1.00
Sd Ht 0.71** 0.64** 0.00 -0.18 0.31 0.57** 0.35* 0.61** 0.12 0.16 0.44* -0.32 0.11 1.00
Sd Lt 0.47** 0.39 -0.04 -0.33 0.00 0.48** 0.10 0.26 -0.03 0.31 0.26 -0.26 -0.05 0.66** 1.00
Sd Tk 0.55** 0.65** 0.12 -0.24 0.24 0.58** 0.49* 0.65** 0.16 0.19 0.65** -0.05 0.20 0.78** 0.56** 1.00

Key: Lt=length

Brches=branches. Significant coefficient: (P < 0.05)*

Ht=Height cnt=count Fl=flowering Bmas=biomass Maty=maturity

(P <0.01)**
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The 18 quantitative trait variables were subjected to stepwise discriminant analysis
and seven of the traits were identified as important based on cumulative average
squared canonical correlation (CASCCC) values.

These seven traits contributed 84.3 % to phenotypic variation among the 36 soybean
genotypes. The seven traits were plant height, which contributed 44 % variation,
seeds per pod 24 %, days to maturity 7.9 %, nodule count 2.9 %, seed thickness 2.3
%, pod length 1.9 % and days to 50 % flowering 1.3 % (Table 4.3).

Plant height, seed per pod, and days to maturity accounted for 76 % of the total
phenotypic variation among the 36 soybean accessions and they were used for the

principal component analyses shown in Table 4.4.

Table 4.3: Summary of stepwise selection of seven quantitative trait variables based

on discriminant analysis of 36 soybean accessions

Cumulative

Partial F average sg. canonical
Trait R? Value Pr>F correlation (CASCC) P>CASCC
Plant 0.880 121.84 <0.0001 0.440 <0.0001
height
Seeds per 0.484 15.03 < 0.0001 0.681 < 0.0001
pod
Days to 0.321 7.31  0.0025 0.760 < 0.0001
maturity
Seed 0.322 7.13  0.0029 0.783 < 0.0001
thickness
Pod length  0.308 6.48  0.0047 0.802 < 0.0001
Nodule 0.168 2.82 0.0764 0.831 <0.0001
count
Days 0.158 253  0.0981 0.843 <0.0001
to 50%
flowering
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Principal component one (PC1) accounted for 61 % of the total variance; principal
component two (PC2) and principal component three (PC3) contributed 28 % and 11

%, respectively, thus making a total of 100 % (Table 4.4).

Plant height, seeds per pod, and days to maturity had positive loadings on PC1;
however, plant height and seed per pod had negative loadings on PC2, but days to
maturity were positive on the axis. The first two PC axes were the most important
which together accounted for 89 % (critical value) of the phenotypic variation among
the soybean accessions. The traits were loaded on these axes to group the accessions
(Appendix 10) from the different countries into closely related clusters. Three clusters
were identified in the biplot as shown in Figure 4.3 suggesting the presence of distinct

groups on the basis of quantitative characters.

Table 4.4: Eigenvectors of the first three principal component axes (PC1, PC2 and
PC3) for 36 soybean accessions using three most important quantitative traits.

Eigenvectors

Variable trait e PC2 PC3
Plant height 0.66 -0.15 -0.74
Seeds per pod 0.61 -0.47 0.64
Days to maturity 0.44 0.87 0.22
Proportion of variance phenotypic accounted

for by PC 0.61 0.28 0.11
Cumulative proportion of phenotpic variance

accounted for by PC 0.61 0.89 1.00

The graph of PC biplot apparently grouped the accessions into three different
countries from which they originated, namely: Brazil, IITA-Nigeria, and Ghana. The
results also revealed that quantitative traits namely: plant height, seeds per pod and
days to maturity were able to identify the diversity within soybean accessions from

the countries.
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Cultivar g03 (Salintuya-2, see Appendix 10), which was part of the Ghanaian
accessions; a known late maturing variety isolated from the Ghanaian group in ‘days

to maturity’ coordinates.

The Brazilian cultivars were identified by pod with high number of seeds with
relatively tall plants. There were two Brazilian cultivars, b07 and b09 (i.e., MG68 and
MG/BR46) which were early maturing and associated with the IITA accessions
cluster. Genotype “119” (i.e., TGX 1910-14F), an IITA line also associated with the
Brazilian cluster. From the graph of PCA biplot, it could be inferred that early
maturing cultivars were relatively shorter in height and had fewer seeds per pod

(Figure 4.3).

From the PCA biplot, there were two Brazilian cultivars “b07” and “b09” (i.e., MG68
and MG/BR46) that had overlapped into the IITA cluster of lines, giving an indication
of earliness, short plants and bearing smaller number of seeds per pod. There was also
one IITA line “i19” (i.e., TGX 1910-14F), that had overlapped with the Brazilian
cluster of cultivars signifying that it had high number of seeds per pod and was

relatively taller in height.
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Figure 4.3: PC 1 and PC 2 biplot using quantitative trait scores of 36 soybean accessions
from three different countries. Key to prefix: g = Ghana; i = IITA; b = Brazil

4.2 Diversity studies in soybean using SSR molecular markers

Figure 4.4 is a dendrogram of soybean accessions analyzed using PCR products of the

20 SSR primers/markers. A summary of all the SSR primers and their amplification

output are also shown in Table 4.5 The cluster divergence of accessions were spread
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out at percent similarity range of 15-96 % based on Jaccard’s similarity coefficients.

At a reference point of 23 % similarity level, six clusters were derived.

Clusters 1, 11 and 111 were all ITA lines with an exception of Boavista in cluster |
which was a Brazilian cultivar. Cluster Il consisted of 17 IITA lines. Cluster Il

comprised only one cultivar, TGX 1842-18E.

Cluster 1V, also a major cluster, consisted of a heterogenous group of cultivars
composed of six varieties (Anidaso, Nangbaar, Quarshie, Salintuya-1, Jenguma and
Salintuya-2) from Ghana and five cultivars, (Sambaiba, Ramunda, MG68, MG/Br 46

and Brazilia) all from Brazil.

Cluster V, consisted of three cultivars (Flora, Pirarara and Tracaja) from Brazil.
Cluster VI, consisted of one Brazilian cultivar (Celeste) which was an outlier. The
cluster analysis from the dendrogram indicated that two of the 1ITA lines TGX1910-

2F and TGX1910-3F were about 94% similar at the molecular level.
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Figure 4.4: Dendrogram of 36 soybean genotypes generated from Jaccard similarity
coefficient using 20 SSR markers
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The genotypes “Jenguma (from Ghana) and Sambaiba (from Brazil) were about 90 %
molecularly similar. Also Anidaso and Nangbaar (both from Ghana) were about 88 %

similar.

4.2.1 Analysis of Variance (ANOVA) of PCR products of 20 Soybean SSR

Primers

Twenty (20) SSR markers/primers were used to analyse 36 soybean accessions to
determine genetic diversity within the accessions. All the primers were polymorphic
expressing maximum number of allele ranging from two - seven at each locus. The
primer Sat_119 was highly polymorphic with total sum of 158 alleles across the 36
soybean accessions. The mean alleles of the 20 SSR primers across the 36 soybean
accession range from 0.72 — 4.39 (Table 4.5).

Based on means separation values, that is means with the same letters are not
significantly different; nine (9) primer groups could be identified. Group 1 comprised
one primer Sat_119. Group 2, comprised of three primers namely Sat_143, BE 4753,
and Sat_219. Group 3, had one primer, Satt 593. Group 4, consisted of one primer;
again, Sat 260 also had one primer Satt 522. Group 6, consisted of two primers,
Sat 192 and Sat 229; again, group 7 consisted of two primers, Satt 531 and
Satt_366. Group 8 comprised of four primers namely, Sat_147, Satt 631, Sat_151 and
sat 299. Group 9 also consisted of five primers namely, Sat 172, Sat 250, Sat_150
and Satt_597. Within the nine groups, a primer representative from each group could
be selected and used to assess the diversity across the 36 accessions. Instead of using

the 20 SSR markers, nine representative markers could have been used.
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Table 4.5: Summary Statistics of Soybean SSR alleles

Mean Sum of S.E
Primer N No. of alleles alleles alleles  alleles “Means
Sat 119 36 7 4.39 158 0.230  1.653%
Sat_143 36 6 2.64 95 0.296  1.122°
BE_4753 36 5 2.58 93 0.227  1.185°
Sat_219 36 5 2.33 84 0.225  1.123°
Satt 593 36 3 1.83 66 0.102  1.018
Sat_260 36 4 1.81 65 0.173  0.956°@
Satt 522 36 4 1.64 59 0.165  0.894bcde
Sat_192 36 5 1.56 56 0.317  0.661%f
Sat 229 36 7 1.56 56 0.366  0.6220%f
Satt 531 36 2 1.56 56 0.101  0.902bcde
Sat_366 36 4 1.53 55 0.167  0.8690°ce
Sat_147 36 4 1.36 49 0.204  0.71200f
Satt 631 36 4 1.36 49 0.174  0.754¢0f
Sat_151 36 2 1.22 44 0.070  0.783cdf
Sat 299 36 2 1.03 37 0.049  0.696°%f
Sat 172 36 6 0.92 33 0.220  0.478f
Sat 237 36 2 0.89 32 0.096  0.584°
Sat_250 36 4 0.86 31 0.179  0.494f
Sat_150 36 3 0.78 28 0.127  0.488f
Satt 597 36 2 0.72 26 0.117  0.461f

*Means with the same letters are not significantly different. S.E=Standard Error

Figure 4.5 is the representative electrophoregram of primer Sat_192 showing pattern

of allelic bands across the 36 soybean accessions on polyacrylamide gel (PAGE). The

marker/primer was polymorphic with five alleles.

MM, 1 2 3456 7 8 9 1011 12 13 14 15 16 M; M, 17 18 19 20 20R" 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Figure 4.5: PCR Amplifications of Sat 192 using 36 soybean genotypes on PAGE.
M1=100bp ladder, M2=1kb ladder. *Lane 20R is a repetition of lane 20.
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Table 4.6 Analysis of variance of SSR alleles scored

Sum of Mean F-
Source of variation Df squares squares value P>F
Soybean SSR Primers 19 61.12 3.22 15.04 <0.001
Error 700 149.71 0.21
Corrected Total 719 210.83

The purpose of analysis of variance of primers was to test for statistical significance
difference between means. From Table 4.6 above, there was significant difference
between the primer means with F-value of 15.04 and P < 0.0001 probability (P< 0.01
i.e. 99% confidence that the means were significantly different). The null hypothesis
was rejected and the alternative hypothesis was accepted that there were differences
between the means. It was therefore concluded that the alleles scored for the SSR was

efficient in identifying variation among the accessions.

4.3 SSR shattering resistance markers for marker-assisted selection (MAS) in
soybean

Soybean pod shattering resistance markers SRM0, SRM1 and SRM2 (SRMO0-2) have
been found to be tightly linked to the gPDH1 locus, a major quantitative trait locus
(QTL) controlling pod dehiscence. These were used to screen the 36 soybean
accessions to identify those resistant or susceptible to pod shattering. The genetic
distances between the markers and the gPDH1 are estimated to be less than 0.2cM
(Suzuki et al., 2010).

The accessions consisted of six released varieties in Ghana, twenty lines from 1ITA
and ten from EMBRAPA-Brazil (Table 4.7). The results showed that all the shattering
markers amplified distinct allelic bands which were within the expected base pair

sizes in most of the accessions. However, there were other amplifications which did
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not correspond to any of the reported/expected allelic base pair size and thus were
classified as outliers. There were instances where no apparent amplification was seen
and it was considered as missing band as indicated in Table 4.7.

The marker SRMO had amplified bands for 34 genotypes of the 36 accessions as
shown in Figure 4.6. Two distinct allelic bands, 213 bp for resistant allele and 231bp
for susceptible allele were detected. Six genotypes had susceptible alleles while 28
genotypes had resistant alleles. There were two missing bands and no outlier.

The marker SRM1 also had amplified bands for 34 of the 36 accessions, with two
distinct bands; 234 bp for the resistant allele and 222 bp for the susceptible. Five
genotypes had susceptible alleles and 28 genotypes had resistant ones. There were
two missing bands and one outlier.

Thirty-three genotypes had amplified bands for SRM2 with two distinct bands; 185 bp
for the resistant allele and 157 bp for the susceptible. Four genotypes had the
susceptible allele while 26 genotypes had the resistant one. There were three missing

bands and three outliers as indicated in Table 4.7.
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Figure 4.6: PCR Amplifications of SRMO marker among 36 soybean genotypes on
agarose gel showing the susceptible allele [(S) in red arrow] =231bp; and bands of
resistant alleles (R) =213bp. Legend: M=100bp ladder. NB: ?Repetition of lane 20

Based on the result in Table 4.7, the dendrogram in Figure 4.7 was generated. At the

reference point of 17% similarity level, five clusters namely: I, Il, I1I, 1V, and V were

expressed.

Cluster 1 comprised highly shattering-susceptible cultivars (Salintuya-1, TGX 1904-
6F, Salintuya-2 and Anidaso), where almost all cultivars had the susceptible allele of

all the three markers; except Anidaso which showed resistance with marker SRM1.

Cluster 11 had only one cultivar, TGX 1805-31F; which had susceptibility allele for
marker SRMO and SRM1, but the allele band size (less than 100bp) did not conform
to any of the reported susceptible or resistant alleles of SRM2, therefore, was

considered as outlier to SRM2 marker.
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Cluster 111 comprised of two Brazilian cultivars, Boavista and Celeste that expressed
two resistance alleles each to SRM1/SRM2 and SRMO/SRM2, respectively; but had

susceptible alleles for SRMO0 and SRM1 makers accordingly.

Cluster 1V, a major cluster, comprised 28 accessions. None of them had a susceptible
allele. They registered at least two resistance alleles except MG68, which had no PCR
product in two accessions. Cultivars TGX 190-3F, TGX 1910-16F and Ramunda had
no PCR product for markers SRM1 while cultivars TGX 1909-3F and TGX 1835-

10E had no PCR product for SRM2.

Cluster V, consisted of TGX 1842-18E as the only isolated cultivar from the
accessions. It had no PCR product for SRMO and SRM2. The only band registered

was an outlier with SRM1 marker.
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Table 4.7: Results of scoring on 36 soybean accessions using shattering resistant

markers

Marker alleles for pod shattering gPDHI

SRMO: SRML1: SRM2:
Cultivar/Line R=213bp R=234bp  R=185bp

Origin  °Lane S=231bp S=222bp  S=157bp

TGX1805_31F IHTA 1 S S Outlier
TGX1903_7F IHTA 2 R R R
TGX1903_8F IHTA 3 R R R
TGX1904 _2F IHTA 4 R R R
TGX1904_3F IHTA 5 R R R
TGX1904_6F IHTA 6 S S S
TGX1909_3F IHTA 7 R R Outlier
TGX1910_16F HTA 8 R NP R
TGX1835_10E IHTA 9 R R Outlier
TGX1903_2F IHTA 10 R R R
TGX1903_1F IHTA 11 R R R
TGX1842_18E IHTA 12 NP Outlier NP
TGX1843 29E IHTA 13 R R R
TGX1844 4AE IHTA 14 R R R
TGX1844 18E IHTA 15 R R R
TGX1910 _2F IHTA 16 R R R
TGX1910_3F HTA 17 R NP R
TGX1910_6F HTA 18 R R R
TGX1910_14F IHTA 19 R R R
GMX92_6 10 IHTA 20 R R R
BOAVISTA Brazil 21 5 R R
CELESTE Brazil 22 R ) R
TRACAJA Brazil 23 R R R
PIRARARA Brazil 24 R R R
FLORA Brazil 25 R R R
BRAZILLIA Brazil 26 R R R
MG68 Brazil 27 NP R NP
RAMUNDA Brazil 28 R R NP
MG/BR46 Brazil 29 R R R
SAMBAIBA Brazil 30 R R R
JENGUMA Ghana 31 R R R
SALINTUYA 1  Ghana 32 S S S
SALINTUYA 2  Ghana 33 S S S
QUARSHIE Ghana 34 R R R
NANGBAAR Ghana 35 R R R
ANIDASO Ghana 36 S R S

R=resistance to pod shattering  S=susceptible to pod shattering NP=no PCR product °Lane number
in fig. 4.6
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Figure 4.7: Dendrogram of 36 soybean accessions using three SSR shattering markers

The PCR amplifications of a cross between known resistant (Jenguma) and known

susceptible (Salintuya-2) soybean genotypes with SRMO0-2 allele markers detected at
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F1 hybrids in heterozygous state that had inherited both parental alleles as indicated in
Figures 4.8 and 4.10. This invariably established the successfulness of F1 crosses from
two genotypes with contrasting alleles and that the alleles were true heritable.

On the other hand, a cross between two resistant genotypes (Jenguma X Flora and
Jenguma X Tracaja) having same base pair of alleles produced F1 progenies with the
same pair of alleles as the parents ; thus, expressing homozygous state in F; as shown

in figure 4.9.

P1 P2 Fiai Fiaz M

200bp

R=213bp

-
-
S=231hp

Figure 4.8: PCR Amplification of known shattering resistant and susceptible soybean
genotypes and its F1 hybrid with SRMO marker on agarose gel. Legend: M-100bp
ladder, P1- Salintuya-2(S = susceptible genotype- 231bp in red arrow), P2- Jenguma
(R = resistant genotype-213bp in blue arrow), Fia1+ Fiaz = F1 progenies (Salintuya-2
by Jenguma).
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Pi1 P2 Fiatr Fiao M P3 PoFigiFigz2 M Ps P2 Fic

HBg DE BN

Figure 4.9: PCR Amplification using SRMQ Marker on agarose gel Legend: M-100bp
ladder, P1- Salintuya-2 (S= susceptible genotype=231bp), P2- Jenguma (R=resistant
genotype=213bp), Ps-Flora, P4—Tracaja (R= resistant genotypes=213bp); Fia, Fis, Fic
are the respective F1 progenies; P1X P2 =F1a1+ F1a2= Fia;

Ps X P2 =Fip1+F1g2=F18; P4 X P2= F1c

= ,:_ Top row (SRM1)

M P: P, FiatFiao M

200bp

Figure 4.10: PCR Amplifications of SRM1 marker (top row) with resistant
allele=234bp and susceptible allele=222bp and SRM2 marker (bottom row) with
resistant allele(R) =185 and susceptible allele(S) =157 soybean genotypes on agarose
gel. Legend: M-100bp ladder, P1- Salintuya-2 (susceptible genotype in red arrow), P»-
Jenguma (resistant genotype in blue arrow) Fiai+ Fia2 =F1a= F1 progenies (Salintuya-
2 X Jenguma).
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CHAPTER FIVE

5.0 Discussion, Conclusions and Recommendations

5.1 DISCUSSION

The main objective of this study was to assess genetic diversity and to establish
relationship among 36 soybean germplasm using both morphological and molecular
data; and also to validate the usefulness of soybean shattering resistance markers for
marker-assisted selection (MAS) in soybean breeding programmes. Because
morphological traits that will be useful to assess diversity was not known, step-wise
discriminate analysis was conducted on the quantitative trait variables to identify the
order of importance in terms of phenotypic variance. Principal component analysis
(PCA) was performed on the mean values of the important traits that accounted for
most variation within the accessions. Again, DNA molecular analysis of the
accessions was conducted using soybean SSR primers; and based on the dendrogram

generated, discernible clusters of accessions were established.

The relationships among the 36 accessions based on morphological characterisation
show that suitable parental lines could be recommended and used for hybridisation.
Analysis of plant morphology based on quantitative and qualitative traits revealed
three and seven clusters, respectively. The quantitative trait revealed less variation as
percent similarity among accessions range between 71-99 % compared to the
qualitative trait which had percent similarity of between 25.3-95 %. Chowdhury et al.
(2001) reported that analysis of eight morphological traits (qualitative) resulted in
differentiation of 47 soybean varieties into four main clusters at about 22 distance

scale level.
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Among the 18 quantitative trait variables, seven were identified as important from
stepwise-discriminant analysis (Table 4.1). This decision was based on partial r-
squared values and the F-values. R-square measures the adequacy or strength of a
variable. The higher the R-square the better the regression and is expressed as a
percentage or fraction. The higher the R-square value of a variable the better the
discriminating power and greater the chances to be loaded onto principal component
axis (SAS online). The R-square value for seed thickness (0.322) was similar to that
of days to maturity (0.321). A higher F-value of significance for days to maturity
(7.31) makes it a preferred trait to seed thickness (7.13) in statistical discriminant
analysis. Plant height had the highest partial r-square value of 0.880 followed by

seeds per pod with 0.484; days to 50 % flowering had the least (0.158).

Cumulative average squared canonical correlation (CASCC) measures the
contribution of each variable plus the preceding variables to the discriminant analysis
(SAS online). As shown in Table 4.3, all the seven trait variables contributed
approximately 84.3 % (CASCC = 0.843) phenotypic variation of the soybean
accessions. The three most important traits from discriminant analysis were plant
height, seed per pod and days to maturity. These three traits were used for the
principal component analysis.

From the graph of PCA biplot, IITA lines and Ghanaian cultivars showed contrasting
association with respect to days to maturity.

The cultivars from Ghana showed positive association with days to maturity
suggesting cultivars require longer days to mature. The IITA lines, however, showed
negative association with days to maturity. The IITA lines were early-maturing

compared to those from Ghana and Brazil.
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In determining the relationships among the traits, simple linear correlation coefficient
and principal component analysis were employed. Correlation analysis results alone
could not give a complete picture of interrelationships because it considers only two
traits at a time, irrespective of interrelationship with other traits (SAS online). PCA on
the other hand considers the underlying interrelationships and selects the best linear
combination of traits that explains the largest proportion of variance. The three most
important traits were plant height, number of seeds per pod and days to maturity.

These traits were able to discriminate the soybean genotypes from the three countries.

Soybean cultivars from Ghana were distinguished from Brazilian and IITA lines on
the fact that they require more days to mature. Within the coordinate of “days to
maturity” was an isolated cultivar “g03” ( Salintuya-2) and is a known late maturing
variety that requires 120 days to mature; similar to what was reported by Mohammed,
(2010). Brazilian lines were identified by pods with higher number of seeds; they
poduced three-seeded pods and were relatively taller in height. The IITA lines were
found at the negative coordinate to these three trait variables; which showed a direct

contrast to their Ghanaian and Brazilian genotypes in their morphology.

The first two principal component axes accounted for 89 % of the phenotypic
variation among the 36 soybean accessions studied. This compares well with Mardia
et al. (1979), who indicated that the total variance accumulated by principal
components close to 80 % explained satisfactorily the variability manifested among
individuals. Thus, the 89 % phenotypic variation achieved could explain the genetic
diversity of soybean accessions. Also the PCA results in assessing diversity were
consistent with the results obtained by Bhartiya et al. (2011), where they used PCA to
determine the variability of both indigenous and exotic black soybean from different

eco-geographic regions of the world. The results also conformed to earlier work by
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Mebatsion et al. (2012). They evaluated grain shape variability using Principal
component analysis (PCA); where 99 % of the variation in the shape of grains was

captured by the first two principal components.

Analysis of variance of the 20 SSR primers used showed a high level of significant
difference with F-value of 15.04 (P < 0.0001). It was concluded that the primers were
efficient in identifying variation among the accessions. Genetic diversity analysis also
revealed that the 36 soybean genotypes could be clustered into six major groups. This
result was consistent with the results reported by Tantasawat et al. (2011); where four
major clusters were revealed when they used 11 SSR markers to assess genetic
relationships among 25 soybean genotypes. Similarly, the results obtained were in
agreement with the one reported by Singh et al. (2010) who classified 44 soybean
genotypes into four clusters based on coefficient of similarity derived from 120 SSR

markers.

The results of molecular diversity of the accessions revealed that, the IITA lines
appeared to have been bred from a common or closely related ancestry. Such a narrow
genetic base needs to be expanded with exotic introductions from distant areas such as
Brazil and China. The variety ‘Jenguma’ which was about 90 % similar with
‘Sambaiba’ at the molecular level may have been an introduction from Brazil, via
IITA, that has been given a local name in Ghana. Similarly, ‘Anidaso’ and ‘Nangbaar’

could have been derived from common ancestry.

From the dendrogram (Fig. 4.7) the genetic diversity of pod shattering resistance in
soybean conforms to earlier work done by Caviness (1965), Tsuchiya (1986), Helms

(1994), Romkaew and Umezaki (2006) and Yamada (2009), who reported
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considerable genetic diversity among soybean cultivars with regard to shattering
resistance.

Asafo-Adjei, (2005; 2007a, b) scored Anidaso as resistant to pod shattering.
However, from the current study at molecular level, it had expressed two alleles for
susceptibility to SRMO and SRM2. It was therefore inclined more onto susceptibility
than being resistant to pod shattering. The field conditions under which Asafo-Adjei
(2005; 2007), assessed Anidaso may have influenced his rating (evaluation), as
temperature and relative humidity do affect pod dehiscence. The current assessment

with DNA markers is therefore more credible.

The genotypes Boavista and Celeste all from Brazil also expressed one allele with

SRMO and SRM1, respectively.

Three soybean genotypes: Salintuya-1, Salintuya-2 (from Ghana) and TGX 1904 6F
(from 1ITA) also expressed all the three susceptible alleles for the SRMO0-2 markers
and were considered highly susceptible to pod shattering. These results confirm a
genetic analysis on pod shattering studies by Mohammed (2010) that Salintuya-2 and
Salintuya-1 were very susceptible and moderately susceptible to pod shattering

respectively.

Genotype TGX1842-18E (IITA line) was isolated from all other clusters, and hence
the current findings could not determine its pod dehiscence status with the shattering
markers SRMO0, SRM1 and SRM2; and may have a different genome. The current
study with SSR molecular diversity (Figure 4.4) with these soybean accessions also

isolated TGX 1842-18E from the IITA clusters of soybean accession.
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The order of closeness of the three resistance shattering markers to the target locus
(gPDH1) differed among them (Personal communication, Funatsuki, H.). Marker
SRMO the closest showed no outlier with the 36 accessions whilst markers SRM1 and
SRM2 followed in that order of closeness recorded one and three outliers,
respectively. This seems to suggest the farther away the marker from the target locus

the more it registers outlier bands.

The polymorphic nature of these SSR shattering resistance markers (SRMO0-2) had
helped to distinguish the known susceptible pod shattering cultivar (Salintuya-2) from
known resistant pod shattering cultivar (Jenguma). The markers were able to detect F1

hybrids from a cross between these two cultivars as shown in Figures 4.8 and 4.10.

The stable effect of qPDHL1 allele had been demonstrated in progeny derived from
various cross combinations between shattering-resistant and shattering-susceptible
cultivars as reported by Funatsuki et al. (2006, 2008). The results are in agreement
with Hwang et al. (2008) who also have reported that the alleles for shattering
susceptibility at SRMO0-2 are not specific to small population of Japanese origin, but
can be used as universal markers to assess shattering resistance and susceptibility in
soybean worldwide. Both shattering-resistant and -susceptible cultivars possess
resistant alleles and susceptible alleles, respectively, at gPDH1 and exhibit the same

genotype at the marker locus.

5.2 Conclusion and recommendations
The 20 SSR soybean primers were able to detect genetic diversity among the soybean

germplasm from the three countries (Ghana, Brazil and Nigeria).

The use of principal component analysis (PCA) revealed that days to maturity, seeds

per pod and plant height were important traits for estimating the relationship among
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accessions from the respective countries. The PCA also showed a clear picture for

selecting suitable parental lines for crosses.

The results clearly confirmed that SRMO, SRM1 and SRM2 markers could be very
useful in marker-assisted selection (MAS) for selecting shattering resistant soybean
genotypes. The heritability of these markers was demonstrated in the F1 hybrids

obtained.

However, it is recommended that a larger number of soybean genotypes should be
tested to find out if these markers can detect shattering resistance. This can lead to the

detection of novel alleles also conferring resistance to shattering in soybean.

It is also recommended that F> seeds from Salintuya-2 X Jenguma should be used for
further genetic analysis to validate the inheritance of shattering alleles. Further work
can also be done in future by assessing correlation between SRMO genotypes and

degree of shattering resistance in the F> segregation population.
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APPENDICES

Appendix 1: PCR Reagents (Biolabs) for Soybean SSR Amplification

PCR component 1X Reaction Vol.
Nuclease free water 6.15ul

10X buffer 1l

25mM MgCl> 0.9ul

10mM dNTPs 0.4ul

5 UM Primer (F/R) 0.5ul

5 U/ul Taq Polymerase 0.05ul

30ng/ul genomic DNA 1l

Appendix 2: Thermocycling profile for amplification of soybean SSRs in
diversity studies

95°C 2 min. Initial Denaturation

92°C 1min. Denaturation

47°C 1min. Annealing 33 cycles

72°C 1min. Extension

72°C 10min. Final extension

Appendix 3: Thermocycling profile for amplification of soybean SSRs in pod
shattering studies

95°C 2 min. Initial Denaturation

92°C 1min. Denaturation

55°C 1min. Annealing 33 cycles

72°C 1min. Extension

72°C  10min. Final extension

Appendix 4: Composition of developer solution

1. NaxCOs 1.0g

2. 37% Formaldehyde 1.5ml
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3. Stock solution (sodium thiosulphate 10mg/ml) 0.25ml
4. De-ionized autoclaved water 1000ml

Appendix 5: Silver Staining solution

1. Silver nitrate 1.0g
2. 37% formaldehyde 1.5¢

3. De-ionized autoclaved water 1000ml

Appendix 6: Glacial Acetic Acid (1.5%) (Fixative and stopper solution)

Glacial acetic acid 15ml
De-ionized water 985ml

(These staining solutions were stored in refrigerator at 4°C and used under chilled
condition

Appendix 7: Composition of developer solution

Na2.CO3 1.0g
37% Formaldehyde 1.5ml

Stock solution (sodium thiosulphate 10mg/ml) 0.25ml

w0 P

De-ionized autoclaved water 1000ml

Appendix 8: Preparation of 6% polyacrylamide gel (PAGE)

6% polyacrylamide non-denaturing gel. This was prepared using the following reagents in

concentrations indicated below:

40% acrylamide Bis — 19:1 4.5ml
10x TBE 3.0ml
10% APS 300ul
TEMED 30ul
H.0 (sterilized) 22.5ml
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Appendix 9: Qualitative traits

Seed shape Cumulative
Seed shape Frequency Percent Frequency Percent
Near Round 2 5.56 2 5.56
Oblong 21 58.33 23 63.89
Oval 13 36.11 36 100.00

Helium Colour Cumulative
Helium colour Frequency Percent  Frequency Percent
Black 1 2.78 1 2.78
Brown 7 19.44 8 22.22
Brown with black outer ring 10 27.78 18 50.00
Dark brown 7 19.44 25 69.44
Light brown 11 30.56 36 100.00

Seed coat colour Cumulative
Seed coat colour Frequency Percent Frequency Percent
Brown 4 11.11 4 1111
Greenish brown 8 22.22 12 33.33
Light brown 21 58.33 33 91.67
Light gray 3 8.33 36 100.00
Flower colour Cumulative
Flower colour Frequency Percent Frequency  Percent
Purple 29 80.56 29 80.56
white 7 19.44 36 100.00
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Pod colour Cumulative

Pod colour Frequency Percent Frequency Percent
Brown 5 13.89 5 13.89
Dark Brown 2 5.56 7 19.44
Light Brown 29 80.56 36 100.00
Maturity group Cumulative
Maturity group Frequency Percent Frequency Percent
Early 7 19.44 7 19.44
Late 1 2.78 8 22.22
Medium 28 77.78 36 100 .00
Pubescence colour Cumulative
Pubescence colour Frequency Percent ~ Frequency Percent
Gray 7 19.44 7 19.44
Light tawny 5 13.89 12 3.33
Near Gray 19 52.78 31 86.11
Tawny 5 13.89 36 100.00
Pubescence density Cumulative
Pubescence density Frequency Percent  Frequency Percent
Dense 1 2.78 1 2.78
Normal density 28 77.78 29 80.56
Semi dense 5 13.89 34 94.44
Sparsely dense 2 5.56 36 100.00
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Pubescence form

Cumulative

Pubescence density
Erect
Irregular

Semi appressed

Frequency
1

31

78

Percent

2.78

86.11

11.11

Frequency
1
32

36

Percent

2.78

88.89

100.00



Appendix 10: Key to Soybean accessions from the three countries used in PCA

biplot

Table 4.4 Key to Soybean accessions from the three countries (Prefix: i = IITA-Nigeria; b =
EMBRAPA-Brazil; g = Ghana) used in principal component analysis (biplot) in figure 4.3 below.
Cultivar / Line Code
TGX1805 31F i01
TGX1903 _7F i02
TGX1903_8F i03
TGX1904 2F i04
TGX1904 3F i05
TGX1904 _6F i06
TGX1909 _3F i07
TGX1910 _16F i08
TGX1835 10E i09
TGX1903 2F i10
TGX1903 1F i11
TGX1842 18E i12
TGX1843 29E i13
TGX1844 4E i14
TGX1844 18E i15
TGX1910 2F i16
TGX1910 3F i17
TGX1910 _6F i18
TGX1910 14F i19
GMX92 6 10 i20
Boavista b01
Celeste b02
Tracaja b03
Pirarara b04
Flora b05
Brazillia b06
MG68 b07
Ramunda b08
MG/BR46 b09
Sambaiba b10
Jenguma go1
Salintuya_1 g02
Salintuya_2 g03
Quarshie 004
Nangbaar go5
Anidaso g06
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Appendix 11: List of 20 soybean SSR primers with their respective sequences

and core motifs

Primer Sequence 5' 3 Core motif
Forward primer TAGGCTTTC AATTTGCAGAACT

Sat 119 Reverse primer GTT AGG TGT CCC AAG CAA CTT A (ATzs
Forward primer GAA GAT TGG GTAGAT ACTTCAACAC

Sat_143 . (AT)13
Reverse primer GGATGG ATG GTCCATTGATTCTTT
Forward primer GTG CGA CGT CAT GCCTTACTC AAT

Sat_147 Reverse primer GCG CTC CGT ACA CTT AAA AAA GAA (AT)z2
Forward Primer GCG CAC ATG CTC ACC AAG CAA AGT AT

Sat_150 Reverse Primer GCG GTA GAG CGG ATT AAACTT GTC (AT)24
Forward primer GCT GCATCAGAT CACCCATCCTTC

SaLISL Reverse primer CAT GCC ATG TTG TAT GTA TGT (AT
Forward primer GCGTTCTAATTT CCT GACACT GTT

SaL172 Reverse primer GCG GGA CGT AAA CGG ATA ATA AGG T (AT
Forward primer GCG GAATGG CAATAGTTG ATG AGT A

a2 peverse primer GCG GGA TGG GAT ATG AGA GTA AG (AT)ss
Forward primer GCGTCATGCCACGTG ATATTT TAT

Sa219  peverse primer GCG TGT GTC CCA AAT GTG ATT CA (AT)zs
Forward primer GCG TGT GCT ACT TCA CAT CTT GAG AGA AAG A

Sa229  Reverse primer GCG AGG GTT TAG AAA AAG ATT CAC CAA ATA T (AT)ar
Forward primer GCGGTTTTT GCT TTAGGA CAT TTT GAT A

Sat_250 Reverse primer GCG TTG GGT ACA ACA TAT AAT ATT TTG GA (AT)o
Forward primer GCGCCGTTAGTT GTC GAG GTG TCA ACC

Sat.260  Reverse primer GCG TCG GTG ATT AAA AAT AAG TAT CAA AG (AT)as
Forward primer GCG ACAAGG CACTCACATCTCTTCTC

Sat_299 Reverse primer GCG CTA CCC ATA ACA AAA AGT TCA AAT C (AT)z
Forward primer GCGTTCCTGAATTTTTCTTCTTTGTTGTA

Sat_237 Reverse primer GCGTTITTGGTTT ACTTGC TATTTATCCT (AT)2s
Forward primer GCG AAACTG CCT AGG TTA AAA

Satt522 Reverse p?rimer TTA GGC GAA ATC AAC AAT (ATT)se

Satt531 Forward primer GCATGC AAC TGA GGG AGC AGAT
Reverse primer GCC ACA AAT TAT GCA GAATAT A (ATT)14
Forward primer GCG GGG TTG TTG ATC TAT AAT GTA A

Satt593 Reverse primer GCGGGT TTGGATTTT ATAATGTGAT (ATT)1s
Forward primer GCT GCAGCG TGT CTG TAG TAT

Satt597 Reverse primer CGA GGC ACA ACC ATC ACC AC (ATT)1s
Forward primer GGT AGA TCC AGG AGC TTG AGT CAG

Satt631 Reverse primer GCGCATCTCACTGCACTTGATTTT (ATT)21
Forward primer GCG GCACAA GAACAG AGGAAACTATT

Sat_366 Reverse primer GCG GAC ATG GTACAT CTATAT ATT ACG AGT ATT (AT)s

BE475343 Forward primer GCGTCTCCCTGTCTCTC
Reverse primer GCG AGCTTAAAACAATCATC (GTn
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