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ABSTRACT



Rice is an important staple food crop that feed over half of the global population and it has become
the cereal that provides a major source of calories for the urban and rural poor in Africa. However,
little attention has been paid to the improvement of Liberian and Ghanaian rice germplasm
evaluation and the genetics of some quality traits. The need for increasing rice cultivation depends
not only on cultural/traditional practices but also on their inbuilt genetic potential to withstand
stresses. Therefore, these varieties have to be collected and evaluated for their exploitable genetic
variability and conserved. The first step in achieving this is to evaluate and characterize available
rice germplasm or genotypes at both morphological and molecular levels to reveal important traits
or accessions of interest to plant breeders for crop improvement. In experiment, arranged in

Completely Randomized Design was conducted to study the genetic variability among and within
48 genotypes or accessions obtained from Central Agricultural Research Institute (CARI),
Suakoko, Liberia and Plant Genetic Resources Research Institute (PGRRI), Bunso, Ghana. DNA
was extracted from 48 plants per accession without bulking to check the purity of the accession
using the 16 SSR markers. Field data taken included 28 qualitative and 14 quantitative traits scored
using the IRRI descriptor list. Analysis of variance revealed highly significant difference (P<0.01)
among the accessions for all quantitative traits studied except for grain width. Qualitative data
revealed some variations among the traits. Four significant principal components analysis were
identified and accounted for 55.3%. PC1 had Eigen-value of 0.44 explaining 18.5% of the total
variation. Next was PC2 which had 0.31 as its Eigen-value, explained 14.5% to the total variation.
Correlation analysis indicated that length of ligule was highly significant and positive with leaf
width of blade. Similar observation was made with grain length and length of ligule. The SSR

markers were highly informative as generated by the powerMarker VV3.25 software. At the



similarity coefficients 90%, the highly distance genetic diversity was found between two

accessions, ACSS37 and ACSS1. Cluster X was the largest of all the clusters while Clusters VI

and V111 were the second largest clusters with 7 accessions each. The outcome of this study should
be useful to manage the gremplasm conservation and future rice genetic improvement. However,
all the accessions may be cultivated over time at differe nt locations on the field to ascertain their

stability and purity.
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CHAPTER ONE

1.0 INTRODUCTION
Rice (Oryza sativa L., 2n = 24), a member of Poaceae (Gramineae) is the world’s most important
staple food crop that feeds over half of the global population (Khush, 2005). Itis cultivated in tropical
and subtropical regions. Rice is grown in more than 114 countries, over an area of 161.4 mhaina
wide range of ecosystems under varying temperature and water regimes with the production of
466.7 mt (on milled basis) (FAO, 2011). According to Nwanze et al. (2006) approximately 20
million farmers are engaged in rice production in sub-Sahara Africa (SSA) and about 100 million

people depend on it directly for their livelihoods on the continent.

Rice is rapidly becoming a staple food in the African diet; and its production in SSA continues to
be outpaced by consumption as a result of low and stagnated production. Imported rice accounts
for 50 percent of sub-Saharan Africa’s rice requirement (FAO, 2006a). Rice is no longer a luxury
food but has become the cereal that constitutes a major source of calories for the urban and rural
poor. Rice production in SSA has been bedeviled with conditions such as environmental
degradation due to pesticide usage, excessive water usage, and nutrient contamination, methane
emission and ammonia volatilization and these conditions require urgent attention (Newmah,

2010).

A wide range of technologies are, however, available and can be used as tools for reducing these
adverse consequences of rice production but they are, however, not extended to majority of rice
growers or farmers (FAO, 2006b). Self-sufficiency in rice production is, however, declining as

demand increases. Little attention has been paid to the improvement of Liberian and Ghanaian rice



germplasm evaluation and the genetics of some quality traits. Thus, there is very little information
available on the genetic diversity of Liberian and Ghanaian rice germplasm for crop improvement
and conservation purposes. There is an urgent need to increase and improve the production of rice
in Africa in order to meet up with the high demand. The need for increasing rice cultivation depends
not only on cultural/traditional practices, but also, on their inbuilt genetic potential to withstand
stresses. A successful breeding programme will depend on the genetic variability of a crop for
achieving the goals of improving the crop and producing high yielding varieties (Padulosi, 1993).
The first step in achieving this is to evaluate and characterize available rice germplasm or genotypes
at both morphological and molecular levels; as phenotypic and genotypic diversity will reveal

important traits or accessions of interest to plant breeders (Singh, 1989).

1.1 Main objective
The overall objective of this study is to evaluate the genetic and morphological variability of rice
germplasm from Liberia and Ghana using morphological and simple sequence repeat (SSR)

markers.

1.2 Specific objectives
1. To assess the extent of genetic diversity and relatedness among rice germplasm collections
in Liberia and Ghana at both the morphological and molecular levels.
2. To estimate correlations among measured quantitative traits.
3. To identify some morphological traits that are discriminating and contribute most to the

total variability among rice germplasm accessions using principal components analysis.

CHAPTER TWO



2.0 LITERATURE REVIEW

2.1 Botany, Classification and Taxonomy of Rice

Rice (Oryza sativa, O. glaberrima), morphologically, is an annual grass and one of the most
essential crops cultivated worldwide. Rice is the seed of a monocot plant which is in the family
called Gramineae (Anon, 2004). Fageria et al. (2003) reported on rice as a main source of 35-60%
dietary calories consumed by more than 3 billion people and probably the most versatile crop. The
two species of domestic rice Oryza sativa, grown throughout the world and Oryza glaberrima,
cultivated mostly in West Africa. According to Calpe (2002), rice is a major staple food for the
rural population, and mainly cultivated by small farmers in holdings of less than 1 ha. Rice provided
a “wage” commodity for workers in the cash crop and non-agricultural sectors. Its duality gave rise
to conflicting policy objectives, with policy-makers to save farmers when prices drop, and or

defended consumer purchasing power with sudden price increases.

Rice can grow in diverse environments; but it is noted to grow faster and more vigorously in wet
and warm conditions. This plant develops a main stem and many tillers and may range from 0.6 to
6 meters (floating rice) in height (Anon, 2004). The tiller bears a ramified panicle that measure
between 20 and 30 centimeters wide. Each panicle has 50 to 300 flowers (floret or spikelet), which
form the grains. The fruit obtained is a caryopsis and has great food security potentials.

The essentiality of rice crop can be seen in its nutrition to much of the population in Asia, Latin
America, the Caribbean and Africa. Calpe (2002) reported that rice is central to the food security
of over half the world population, not to mention the culture of many communities. Rice is therefore
considered a “strategic” commodity in many countries and is, consequently, subject to a wide range

of government controls and interventions.



Rice which is a genetic resource can be morphologically and physiologically characterized and
evaluated in order to enable breeders understand and appreciate its wide range of genotypic
diversities for relevant crop improvement practices. It is therefore important to consider some

morpho-agronomic characters that are associated with the yielding ability of the crop (Yoshida,

1981). Based on the “plant type” concept with regard to low and high yielding varieties of rice in
Japan, Tsunoda (1964) compared and summarized their morphological characteristics as follows:
1. Low nitrogen responders possess long, broad, thin, drooping, pale-green leaves, and tall,
weak stems.
2. High nitrogen responders have erect, short, narrow, thick, dark-green leaves, and sturdy
stems. Hence, morphological characterization can be useful in selecting rice genotypes that

have the potential for high yields.

Rice crop in the African continent is considered as the main staple food in at least 8 of the 17
countries of West Africa and rapidly gaining importance as a major food among other crops (Jones
et al., 1998a). West African rice production is however declining in its self-sufficiency because
demand is increasing faster (5.9% annual growth since 1970) than its production (4% annual
growth over the period (Zafar et al., 2004). They also indicated that rice growth environments in
West Africa are extremely diverse, varying as a function of agro-ecological, geo-morphological,
hydrological, and socio-economic factors. Upland rice occupies 80% of the rice area and accounts
for 75% of regional production (Jones et al., 1998b). It is estimated that over 80% of the resource
poor rice farmers in West Africa grow rice as a subsistence crop. Most rice farmers in West Africa

grow landraces which are generally tolerant to environmental stresses but whose yield potential is



lower than that of improved varieties. On the other hand, improved varieties bred for improved
management conditions generally are not well adapted to traditional farming systems (Morris and
Bellon, 2004). New improved rice varieties better adapted to the resource-poor farmers conditions
are required and must draw on existing germplasm or be developed by combining desired
characters from various germplasm sources. In 2015, production in West Africa have increased
little since December. Overall, the campaign is assessed to have yielded 14.6 million tones (9.2
million tones, milled basis), representing a 4 recent year-on year expansion and a new record. The
excellent turnout was facilitated by a generally favorable climate, which provided a further boost
to state efforts to raise output (FAO, 2016). According to officials, Senegal reaped a record 906

000 tones (634 000 tones, milled basis), up 62 percent, or nearly 350 000 tones, from a year earlier.
According to (FAO, 2016), prospects also point to an increase for Ghana to 660 000 tones (396 00

tones, milled basis).

Vaughan et al. (2003) considered rice crop as a major source of nutrition for about two-third of
mankind. This phenomenon involuntarily provides an avenue for an increased production in order
to keep pace with the growing population in spite of its productivity seriously being affected by
biotic and abiotic stresses (Zafar et al., 2004). Ogunbayo et al. (2005) reported that, Africa’s
inability to produce rice to self-sufficiency levels is indicative of the presence of major challenges
in the rice industry requiring urgent attention. It is necessary to stem the trend of over-reliance on
imports to meet the increasing demand for rice. Local potential resources for production should be
exploited with sustainable strategies at all levels of the rice industry (Ogunbayo et al., 2005). This
creates an urgent need to increase and improve the production of rice in Africa in order to meet the

high demand. According to Ng et al.(1988), expansion of rice production does not only depend on



cultural practices and management, it also depends on the suitability of rice varieties, which must
be drawn from existing germplasm that has been collected and conserved by genetic resources
centers. During the past three decades, there has seen a steady increase in demand for rice and its
growing importance is evident, given its important place in the strategic food security planning
policies of many countries and governments to maintain minimum food reserves to ensure food
security. Its adoption as a principal staple food is increasing in Africa every day whereas self-
sufficiency in rice production declines as demand increases. According to Jamal et al. (2009) rice
is grown extensively in tropical and sub-tropical regions of the world. More than half of the people
on the globe depend on rice as their basic diet and generally extensively consumed in the producing
countries. It is estimated that the world population will increase by about 2 billion in the next two
decades, and half of this increase will be in Asia where rice is the staple food (Gregory et al., 2000),
and other continents of the world particularly Asia, Africa and Latin America, where the demand

for rice is a top priority as reported by Sasaki (1999, 2002).

According to the Millennium Development Authority on Economic Growth and Poverty Reduction
(MoFA, 2005) rice accounts for nearly 13% of total cereal consumption in Ghana. As a growing
diet and major staple, it is increasingly replacing other traditional staples of rural and urban
dwellers. For instance, the per capita consumption of rice increased from 7 kg/year in

1988/89 to 18.7 kg/year during 1998-2000 as reported by the Ghana living standard survey. MoFA
(2005) estimates put per capita consumption of rice at 25 kg/year. Besides, an IRRI/FAO report
estimated domestic output of milled rice in 2004 at 14,000 MT against demand of 440,000 MT
(MoFA 2005) leaving a domestic deficit in supply. The huge demand for rice productivity amidst

associated environmental factors in developing countries coupled with its high population is



evident of these countries incapability to meet world-wide demand. This left the sub-region of West

Africa to begin experiencing rice shortages and fluctuation in prices.

Evaluating and characterizing landraces of rice germplasm will help plant breeders in the
subregion to better embark on specific selection to improve rice accessions based on
agromorphological traits and variations as a result of differences in their DNA sequences. It is
likely to foster increased rice production and productivity if the trend is supported. With the
foregoing estimates, MoFA (2005) reported small scale farmers are primary producers, and they
continue to contribute towards hunger alleviation by cultivating rice crop over a wide range of
environments; but yet still limited in terms of yields due to a number of factors ranging from poor
agronomic practices to mainly lack of high yielding varieties. Ogunbayo et al. (2005) studied
phylogenetic evaluation of forty rice accessions using morphological and molecular techniques
within cluster similarities and between clusters morphological differences were observed.
Landraces of rice accession differ from improved cultivars in adaptation to soil type, sowing and
ripening periods and yield stability particularly, in regions where seasons are unpredictable. This
re-enforced the importance of investigating local germplasm for breeding purposes. Therefore,
accurate assessment of the levels and patterns of genetic diversity can be invaluable in crop
breeding for diverse applications including;

1. Analysis of genetic variability in landrace genotype and cultivars (Cox et al., 1986),

2. Identifying diverse parental combinations to create segregating progenies with maximum

genetic variability for further selection (Barret and Kidwell, 1998)
3. Introgression of desirable genes from diverse germplasm into the available genetic base

(Thompson et al., 1998).



Frankel et al. (1995) and Qualset et al. (1997) reported that landraces are the most diverse
populations of cultivated rice plants. Besides being adapted to their natural and man-made
environments, landrace genotypes tend to be co-adapted. Genetic variation within a landrace may
be considerable, but is far from random (Qualset et al., 1997). Guei and Traore (2001) described
the rice to constitute a good source of unique genes for stress tolerance and genetically dynamic.
The genetic diversity among and within landraces makes them a valuable resource as potential
donors of genes for the development and maintenance of modern crop varieties, and for direct use
by farmers (Soleri and Smith, 1995). The utilization of these rice genetic resources had been limited
to only adaptable genotypes as reported by Caldo et al. (1996). Despite these positive attributes,
little efforts have been made to characterize and evaluate landrace rice accessions of West Africa

origin.

2.2 Socio-economic importance of rice

According to Leviton and McMahon (1996), rice is the most common cereal grain consumed, and
offers considerable economic and agricultural importance. Rice is the only cereal crop, almost
entirely consumed by humans, unlike wheat and corn. The global, annual rice production is 562,
260 thousand metric tons (tmt), a yield that is a close third to wheat (584, 874 tmt) and maize (576,
821tmt) (Mullins, 1999).

Africa has become a big player in international rice markets, accounting for 32% of global imports
in 2006 Pardey et al. (2006), at a record level of 9 million tones that year. Africa’s emergence as a
big rice importer is explained by the fact that during the last decade rice has become the most

rapidly growing food source in sub-Saharan Africa (Sohl, 2005). Indeed, due to population growth



(4% per annum), rising incomes-and a shift in consumer preferences in favor of rice, especially in
urban areas (Balasubramanian et al., 2007), the relative growth in demand for rice is faster in this
region than anywhere in the world (WARDA, 2005). This is occurring throughout the sub-regions

of sub-Saharan Africa (SSA).

Rice production has been expanding at the rate of 6% per annum (2001-2005), with 70% of the
production increase due mainly to land expansion and only 30% being attributed to an increase in
productivity (Fagade, 2000; Falusi, 1997; Africa Rice Centre, 2007). Much of the expansion has
been in the rain fed systems, particularly the two major ecosystems that make up 78% of rice land
in West and Central Africa (WCA): the upland and rain fed lowland systems (Dingkuhn, 1997).

Demand for rice in WCA has far outstripped the local production (Africa Rice Centre, 2007).
According to Dingkuhn (1997), land expansion of the West and Central Africa (WCA) mainly seen

in the rain fed systems (constituting 78% upland and rain fed lowland).

According to OSIRIZ (CIRAD’s Observatory of International Rice Statistics), Africa cultivated
about 9 million hectares of rice in 2006, a production figure that surpassed 20 million tonnes for
the first time but with a future increment of 7% per annum (WARDA, 2005; FAOStat, 2002a). The
production-consumption gap in this region is being filled by imports, valued at over US$ 1.4 billion
per year. The share of imports in consumption rose from an average of 43% from 1991 to 2000, to

an average 57% by 2002-2004 (WARDA, 2005; FAOStat, 2002b).

2.3 Rice production and productivity in West Africa
While rice is very much a cash crop for small-to medium-scale farmers in the East and Southern

Africa (ESA) region, it is more of a subsistence crop in West Africa where most of the continent’s



rice is produced. In West Africa, 75% of the total production of rice in 1999/2003 was from upland,
hydromorphic and lowland ecosystems, with about 25% from irrigated fields. Rice is also produced
in mangrove production systems and in flooded environments. Research on the mangrove ecology
is coordinated by the Rokupr Rice Research Station in Sierra Leone. Low yield constitutes one of
the main challenges of rice production in SSA. From 2001-2005, average rice yields in SSA
exhibited a highly variable trend, positive or negative across subregions and countries (Africa Rice
Trends, Center, 2007). The overall rice production increase during the same period was mainly due
to the expansion of rice production into marginal areas in West Africa where most production

occurs.

2.4 Rice production in Ghana

In Ghana, rice is a major food crop grown in most communities. It is cultivated both as food crop
and cash crop. Rice production presently in Ghana is estimated from “200,000 to 300,000 MT of
paddy or roughly 120,000 to 180,000 MT of milled rice, the bulk of which comes from the Upper
East, Northern and Volta Regions” (Global Food Security Response, 2009)(Table 1). The crop
accounts for nearly 13% of total cereal consumption and it is increasingly replacing indigenous
staples of both rural and urban dwellers. Small scale farmers are the major producers of rice in
Ghana. They grow rice over a wide range of different yields under different agro-ecological and
environmental conditions (MoFA, Inland Valleys Rice Development Project 2005). The
differences in production have been attributed to rainfall which remains the foundation of rice
production. Between 1994 and 2004, production increased from expansion of land area under
cultivation. By the end of 2008, rice production in Ghana was estimated at 301,921 MT of paddy,

yielding roughly 181,000 MT of milled rice, produced on 132,921 hectares, resulting in an average
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yield of 2.27 MT/Ha of paddy for upland and lowland rice aggregated (GFSR, 2009). It is generally
agreed that current domestic production accounts for between 30 to 40 percent of domestic
consumption (approximately 600,000 MT of milled rice), leaving almost 70% supply deficit to be

filled by domestic import supply (Table 2.1).

Table 2.1: Domestic Rice production in the Republic of Ghana
Lowland rain- Upland Rain- Irrigated Total fed fed

Planted Area (Ha) 93,750 ha 18,750 ha 10,200 ha 122,700ha
Paddy (MT/Ha) 2.4 ton/ha 1.0 ton/ha 4.5 ton/ha 2.4ton/ha
Paddy Production(MT) 224,700 ton 18,750 ton 45,900 ton  289,650ton
% in Area 77 % 15 % 8 % 100 %
% in Production 78 % 6 % 16 % 100 %

Source: Asante et al., (2013)

2.5 Morphological diversity of rice

Morphological characterization and physiological traits evaluation are particularly useful in revealing
economic importance of crop. It is needed for the sub region of West Africa since evaluation of
germplasm accessions in any collections is essential to ensure the principles of conservation and
utilization of germplasm (Riley et al., 1995). Qualset and Shands (2005) indecated that characterization
was needed to handle the diversified genetic resources of plants to improve the nutritional value of
foods to meet changing consumers demand, combat pest and diseases and adapt to the environmental
changes. Nevertheless, the amount of data related to agronomic traits on crop germplasm is limited.
This is due to relatively high costs and difficulties of large scale experimental trials, the use of
agronomic evaluation to characterize germplasm collections is far from the actual necessity of
uncovering the phenotypes of agronomic interest in accessions of a collection. More should definitely

be done in this area in order to stimulate a higher use of stored germplasm in breeding programs. A
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complete agronomic trait evaluation of crop germplasm remain to be achieved though, seems to be

practically impossible (IRRI, 1996).

Morphological traits are used as a preliminary evaluation tool due to their easiness and can be
employed as a common approach for assessing genetic variability among phenotypically
distinguishable rice accessions. The evaluation of morphological traits usually reveals important
traits which are essential to characterize the genetic resources. Rice (Oryza sativa L.) is considered
as one of the most important cereal crops and the staple food for more than half of the world’s
population (Jiang et al., 2013). It is considered as the ideal model plant to study grass genetics and
genome organization due to its diploid nature, comparatively small genome size (Causse et al.,
1994; Kurata et al., 1994), considerable level of genetic polymorphism (McCouch et al., 1998), a
large amount of well conserved genetically diverse materials and fully sequenced genome (Pervaiz

et al., 2010; Rabbani et al., 2010).

Due to the importance of rice as one of the major world food crops, its genetic diversity has attracted
great interest of researchers. The genetic diversity of rice has been used effectively to increase
productivity. Majority of the programs involved in improvement of rice productivity has been
mainly focused on the yield aspects; meanwhile other important agro morphological characters
have been neglected. It is essential to not only conserve the existing genotypes but also to explore
the gene-pool characteristics to capture such important agro-morphological characters.

In favor of this reason, it is crucial to discover the genetic diversity and the relationships among
cultivars. Morphological evaluation is a preliminary step to estimate the variability and relationship

among cultivars although several other tools are also used extensively (Smith et al., 1991).
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Therefore, to establish a country specific successful crop improvement programme, it is very much

essential to discover the morphological variability of existing rice cultivars within the country.

Suriyagoda et al. (2011) have reported variability of rice varieties. They had similar observations
in terms of dendrogram analysis, clustering groups and principle component analysis with some
exceptions. These exceptions were identified in terms of variations in cluster formation and it
grouping behaviors of their tested rice varieties. According to Steel (1972), the exceptions were
possible due to the variations in external conditions such as soil types, and soil fertility levels and
soil moisture regimes associated with two cropping systems. Furthermore, the genetic make-up of
seed, environment and field management practices has been reported to influence the morphology

of a crop (Singh and Rachie, 1985).

2.6 Grain yield and characters associated with grain yield in rice

Yan et al. (2002) reported grain yield (GY) in cereals as one of the most important and complex
traits in plant breeding experiments. Continued improvement of GY remains the top priority in
most breeding programs. Grain yield in rice depends on various growth and component traits, and
is the final outcome of a combination of different yield components, such as the panicle number
per plant, the filled grain number per panicle, and the weight per grain (Yoshida, 1983). Therefore,
it is of significance to reveal the genetic contribution of yield component traits to GY. Many
breeders have paid much attention to the concept of plant ideotypes and proposed several models
for high-yielding rice, such as the ‘heavy-panicle’ and the ‘multi-panicle’ types (Donald, 1968). It
was suggested that an increase in GY could be effectively achieved through yield component

improvement since yield components have higher heritability than GY (Xiong et al, 1992).
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Correlation and path analyses have revealed the relationships between GY and its yield components
at both the phenotypic and genetic levels (Xiong et al, 1992). However, the implications in those
studies to breeding practice were limited due to complicated correlations between GY and its yield
components, which were effected to varying degrees by numerous factors such as environmental
effects and experimental error (Risch, 2000; Darvasi and Pisant’eShalom, 2002). Selection of yield
components was not highly effective in increasing GY, because of their negative correlations to
each other (Ribaut et al. 1997). Until now, understanding of the genetic basis of correlation among
quantitative traits has remained unresolved. Molecular marker techniques and statistical methods
facilitated the analysis of quantitative trait loci (QTLs) (Lander and Botstein 1989; Wang et al.,
1999). Many QTL mapping experiments for GY and its yield components have been conducted

based on the separate phenotypic values (Chen et al., 2000; Lehmensiek et al., 2006).

Some QTLs associated with GY, coinciding with those for yield components, were usually
regarded as pleiotropic QTLs or closely linked loci (Chen et al. 2000). It was revealed that
correlated traits often have QTL(s) at the same chromosomal locations (Huang et al. 2006; Paterson
et al., 1991; Julier et al., 2007). Force et al. (1999) reported that pairs of traits with higher genetic
correlations would share more common QTL regions than those with smaller genetic correlations.
Zhuang et al. (1997) suggested that pleiotropism rather than the close linkage of different QTLs
might be the major reason for the correlation among related traits. A common problem of these
analyses is that QTL mapping for related traits was conducted by considering the phenotypic values

rather than conditioning one trait on the other related traits. However, to condition one trait on the
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other(s) can provide statistical estimates of the effects and positions of QTLs, and detect their

genetic relationships at the QTL level (Melchinger et al., 1998).

The genetic basis and relationship of GY with its yield components at the QTL level in rice are still
poorly understood and needs to be determined. Melchinger et al. (1998) proposed conditional
analysis methods, which can be used to exclude the contribution of a causal trait to the variation of
the resultant trait. The remaining variation of the resultant trait is defined as conditional variation,
or net variation, which indicates the extra effects of genes that are independent of the causal trait
(Atchley and Zhu, 1997). This method has been used to study the dynamic behavior of
developmental traits in cotton (Melchinger et al., 1998) and mice (Atchley and Zhu, 1997). Liu et
al. (2008) applied this method to identify the QTLs for yield in rice with different component
influences, but the QE effects were ignored due to the data being derived only from one
environment in their study. Understanding expression patterns of QTLSs is one of the major goals

in quantitative genetics.

According to the theory of developmental genetics, genes are expressed differently at different
times and growth stages (Atchley and Zhu, 1997). Many studies indicated that the expression of

QTLs is affected by many factors, such as environments (Zhuang et al., 1997), genetic background
(Ribaut et al., 1997; Xing et al., 2010), developmental stages (Cao et al. 2001), and related traits

(Liu et al., 2008). According to expression patterns, QTLs can be classified into at least 5 types,
namely non-specific, environment-specific, genotype-specific, stage-specific and trait-specific
QTLs. Non-specific QTLs are the most stable since their expression is not influenced by inner and

external factors, and they can be used under various conditions. The other 4 types of QTLs are
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unstable, and are suitable only under specific conditions. Comparing both the unconditional and
conditional QTL mapping methods, some new QTLs controlling the target trait could be detected

by conditional QTL mapping (Cao et al., 2001; Liu et al., 2008).

Wu et al. (2004) and McCarty et al. (2008) extended and applied this method for the analysis of
conditional variation of the resultant trait on multiple related traits in cotton. A statistical procedure
for analyzing of conditional genetic effects combined with the QTL mapping method, namely the
conditional QTL mapping method was proposed to investigate the genetic relationship between 2
traits at the QTL level (Melchinger et al., 1998). It could distinguish whether the QTL of the target
trait is associated with its component trait or not. The conditional QTL mapping method has been
used to study the net QTL effects at different developmental stages of plant height and tiller
numbers in rice (Cao et al., 2001), and to explore the QTLSs contributed to the conditional variation
of a resultant trait on its related traits (Liu et al., 2008). According to Yoshida (1983) grain yield
in rice is a complex trait, which is the combination of different yield components. The yield
component traits, however, are less environmentally sensitive and have higher heritability than
grain yield (Yano and Sasaki, 1997). In the classical Mendelian approach, it was very difficult to

identify the individual genes controlling a quantitative trait (Comstock, 1978).

Recent advances in QTL mapping facilitated the analysis of the genetic basis of quantitative traits
at the single locus level (Lander and Botstein, 1989; Zeng, 1994; Li et al., 2003; Yang et al., 2007).
Quantitative trait loci for rice yield and its components have been reported (Champoux et al., 1995;
Yadav et al., 1997; Xing and Zhang 2010), and pleiotropy or close linkage of QTLs has been

assumed as the basis of relationships among them (Paterson et al. 1991; Zhuang et al. 1997; Julier

16



et al., 2007). However, a common problem associated with the QTL mapping analyses regarding
yield and its components reported so far was based on the separate analysis of each trait. There is
no clear evidence that pleiotropy or close linkage of QTLs would result in genetic correlation
among the traits of interest. It is nonetheless impossible to reveal the complex genetic basis of trait

correlation by these methods (Melchinger et al., 1998; Liu et al., 2008).

2.7 Germplasm collection and characterization

According to Riley et al. (1995), characterization of morphological and physiological traits and
evaluation is particularly essential in revealing economic importance of a crop. It is important for
the sub region of West Africa since appraisal of germplasm accessions in any collections is
essential to ensure the principles of preservation and utilization of germplasm. Characterization is
needed to handle the diversified genetic resources of plants to improve the nutritional value of
foods, meet changing consumers demand, combat pest and diseases and adapt to the environmental
changes (Qualset and Shands, 2005). The amount of data related to agronomic traits on crop
germplasm is limited. Due to reasons that include relatively high costs and difficulties of large
scale experimental trials, the use of agronomic evaluation to characterize germplasm collections is
far from the actual necessity of uncovering the phenotypes of agronomic interest in accessions of
a collection. More should definitely be done in this area in order to stimulate a higher use of stored
germplasm in breeding programs. A complete agronomic trait evaluation of crop germplasm

remains to be achieved.

2.8 Core collection and their use in germplasm management
There are a variety of settings where it is necessary to select a subset of lines, populations, or

individuals to represent some larger set of germplasm. For instance, conservation geneticists may



want to identify a “core set” of populations that maximize the total amount of genetic variation,
subject to an upper limit on the number of lines they can maintain (Frankel 1984; Frankel and
Brown 1984; Schoen and Brown 1983). Plant breeders may wish to select a subset of available
breeding lines or populations for breeding stock maintenance purposes (Gouesnard et al. 2000).
The concept of a core collection was introduced by (Brown et al. 1989) with the intent of using the
core collection to minimize the cost of germplsam conservation whilst ensuring maximum genetic
diversity. Accordingly, Van Hintum (1996) further modified the concept of core collection to
accommodate a germplasm collection optimally representing specific genetic diversity. This latest
modification allows substantial flexibility for the composition of core collections, and justifies the
formation of multiple core subsets of a target species in space and time. Recent time, Johnson and
Hodgkin (1999) reviewed the current status of core collections and examples of core development
and utilization. Overall, they found that experience with core collections has increased as cores for
many crops have been developed. In addition, (Brown et al.1999) stressed principles, Procedures,
progress, problems and promise of the core collections, while Van Huntum 1999) described a
general methodology for creating a core collection. Many approaches to constructing core
collections have been developed through the years. Several sampling methods to select entries for
the core collections have been suggested ranging from random sampling (Brown 1989; to stratified

sampling (Peeters and Martinelli, 1989).

2.9 Conservation of genetic materials and importance of genetic diversity studies in rice
Genetic diversity is a study undertaken to classify an individual or population compared to other
individuals or populations. Determining genetic diversity can be based on morphological,
biochemical, and molecular types of information (Mohammadi and Prasanna, 2003; Sudre et al.,

2007. Genetic fingerprinting is the unambiguous identification of an individual (based on the



presence or absence of alleles at different markers) or a population (based on frequencies of alleles
of the markers). This is an absolute measure and does not differ depending on other individuals or
populations under study. Both genetic diversity and fingerprinting studies are done using molecular
markers. Molecular markers have advantages over other kinds, where they show genetic
differences on a more detailed level without interferences from environmental factors, and where
they involve techniques that provide fast results detailing genetic diversity (Binneck et al., 2002;

Gracia et al., 2004; Saker et al., 2005).

Preservation of genetic resources entails many activities, several of which may greatly benefit from
knowledge generated through applying molecular marker technologies. This is the case for
activities related to the acquisition of germplasm (locating and describing the diversity), its
conservation (using effective procedures) and evaluation for useful traits. The availability of sound
genetic information ensures that decisions made on conservation will be better informed and will
result in improved germplasm management. For all the activities related to genetic resources, those
involving germplasm evaluations and the addition of value to genetic resources are particularly
important as they help identify genes and traits, and thus provide the foundation on which to

enhance use of collections (de Vicente, 2005).

Merriam-Webster (1991) reported that ‘Characterization’ is the description of a character or quality
of an individual and the word ‘characterize’ is also a synonym of ‘distinguish’, that is, to mark as
separate or different, or to separate into kinds, classes or categories. Characterization of genetic
resources thus refers to the process by which accessions are identified or differentiated. This
identification may, in broad terms, refer to any difference in the appearance or make-up of an

accession. In the agreed terminology of gene banks and germplasm management, the term
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‘morphological characterization’ stands for the description of characters that are usually highly
heritable, easily seen by the eye and equally expressed in all environments (IPGRI/CIP, 2003).
Characterization in genetic terms refers to the detection of variation as a result of differences in
either DNA sequences or specific genes or modifying factors.

According to de Vicente et al. (2005), genetic characterization clearly offers an enhanced power
for detecting diversity (including genotypes and genes) that exceeds that of traditional methods.
Likewise, genetic characterization with molecular technologies offers greater power of detection
than do phenotypic methods. This is because molecular methods reveal differences in genotypes,
that is, in the ultimate level of variation embodied by the DNA sequences of an individual and not
influenced by environment. Standard characterization and evaluation of accessions may be
routinely carried out by using different methods, including traditional practices such as the use of
descriptor lists of morphological characters. They may also involve evaluation of agronomic
performance under various environmental conditions. In contrast, genetic characterization refers to
the description of attributes that follow a Mendelian inheritance or that involve specific DNA
sequences. In this context, the application of biochemical assays such as those that detect
differences between isozymes or protein profiles, the application of molecular markers and the
identification of particular sequences through diverse genomic approaches all qualify as genetic

characterization methods.

2.10 Genetic diversity or characterization studies
Molecular characterization, by itself or in conjunction with other data (phenotypic traits or
georeferenced data), provides reliable information for assessing, among other factors, the amount

of genetic diversity (Perera, et al., 2000), the structure of diversity in samples and populations
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(Shim and Jargensen (2000), rates of genetic divergence among populations (Maestri et al., 2002).

Negash et al. (2002) reported on Abyssinian banana or ensete (Ensete ventricosum (Welw.)
Cheesman) from Ethiopia, which was analyzed with AFLP markers. Out of the 146 clones from
five different regions, only 4.8% of the total genetic variation was found between regions, where
as 95.2% was found within regions. Negash et al. (2002) reported a reduced number of clones for
conservation and indicated the existence of a common practice of exchange of local types between

regions, which, in its turn, emphasized the need to collect further in different farming systems.

A study on taro (Colocasia esculent (L.) Schott) genetic diversity in the Pacific, using SSR markers,
showed that many of the accessions from countries of the Pacific region were identical to those of
Papua New Guinea. According to Mace et al. (2005), the cultivars may originally have been
introduced throughout the region from Papua New Guinea and that collection of taro genetic
diversity could focus on Papua New Guinea alone. According to work done by Papa and Gepts
(2003), molecular characterization also aids determine the breeding behavior of species, individual
reproductive success and the existence of gene flow, i.e., the movement of alleles within and
between populations of the same or related species, and its consequences. Molecular data is noted
to improve and allow the elucidation of phylogeny, and thus assist in the basic knowledge for
understanding taxonomy, domestication and evolution. Information from molecular markers or

DNA sequences offers a good basis for better conservation approaches (Nwakanma et al., 2003).
Borner et al. (2000) analyzed bulk seed of wheat accessions to test their genetic integrity after 24
cycles of regeneration and after more than 50 years of storage at room temperature in a gene bank.

They found neither contamination nor incorrect manipulation effects such as mechanical mixtures,



but did identify one case of genetic drift in one accession. The fact that IPK-Gatersleben gene bank
(Germany) splits its germplasm samples into either almost or completely pure lines, i.e. accessions,
is expected to have contributed to this very positive finding (de Vicente, 2005). However, in the
same gene bank, a study examined the genetic constitution of rye accessions that underwent
frequent regeneration. Results showed that
1. A significant number of alleles present in the original sample was lacking in the newly
regenerated material,
2. New alleles in the new material were not present in the first regeneration sample (Chebotar
et al., 2003). Thus, the use of molecular markers can quickly help check whether changes

in alleles or allele frequencies are taking place.

Management of germplasm established in a collection (usually a field, seed or in vitro gene bank)
comprises several activities. Usually, such activities seek to ensure the identity of the individually
stored and maintained samples, to ensure the safeguarding of genetic integrity and genetic diversity
and to have the material available for distribution to users. These tasks are primarily a responsibility
of gene bank managers and curators, and involve the control of accessions on arrival at the
facilities, as well as their continuous safeguarding for the future through regeneration and
multiplication. For all these routine activities, information about the genetic constitution of samples
or accessions is critical and provides the most important means of measuring the quality of the

work being performed.

Molecular information has been used to assess the need for decreasing the size of germplasm

collections, which otherwise would add costs to the long-term conservation of germplasm. Dean et
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al. (1999) used microsatellite markers to analyze the genetic diversity and structure of 19 sorghum
accessions known as ‘Orange’ in the USDA’s national sorghum collection. Two

redundant groups (involving five entries) were found among the 19 accessions evaluated. It was
also realized that much of the total genetic variation was partitioned among accessions. Dean et al.
(1999) concluded that the number of accessions held by the US National Plant Germplasm System
(NPGS) could be significantly reduced without risking the overall quantity of genetic variation

contained in these lots.

According to Barcaccia (2010), selected molecular technologies render cost-effective and
comprehensive genotypic profiles of accessions (‘fingerprints’) that may be used to establish the
identity of the material under study. Simultaneously, these technologies can detect contaminants
(and, in the case of material mixtures, contamination with introgressed genes from other accessions
or commercial varieties), as well as the presence of redundant materials (or ‘duplicates’). Molecular
data has been reported by Chwedorzewska et al. (2002) to provide the baseline for monitoring
natural changes in the genetic structure of the accession, or those occurring as a result of human
intervention (e.g. seed regeneration or sampling for replanting in the field). Whatever the case,
analysis of molecular information allows the design of strategies for either purging the
consequences of inappropriate procedures or amending them to prevent future inconveniences (van
Treuren and de Vicente, 2005). Markers were also helpful in examining genetic identities and
relationships of Malus accessions (Hokanson et al., 1998). Eight primer pairs unambiguously
differentiated 52 of 66 genotypes in a study that calculated the probability of any two genotypes

being similar at all loci analyzed as being about 1 in 1,000 million. The results not only
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discriminated among the genotypes, but were also shown to be useful for designing strategies for
the collection and in situ conservation of wild Malus species.
Characterization has benefited from several procedures resulting from advances in molecular
genetics such as genetic and QTL mapping, and gene tagging (Yamada et al., 2004; Xing and
Zhang, 2010). Research in this field has led to the acknowledgement of the value of wild relatives,
in which modern techniques have discovered useful variation that could contribute to varietal
improvement (van de Wouw et al., 2010; de Vicente et al. 2006). A small number of potential
duplicates were identified in a core collection of cassava (Manihot esculenta Crantz) when isozyme
and AFLP profiles were compared (Chavarriaga-Aguirre et al., 1999). The core collection had been
assembled with information from traditional markers, which proved to be highly effective for
selecting unique genotypes. Molecular data were used for efficiently verifying the previous work
on the collection and ensure minimum repetition. The taro core collection for the Pacific region
was treated in a similar manner (Mace et al., 2005). Thus, gene bank managers can easily realize
the potential value of using molecular methods to support and possibly modify or improve a gene
bank’s operations.

A special and increasingly important role of genetic characterization is that of identifying useful

genes in germplasm, that is, of maximizing conservation efforts. Because the major justification

for the existence of germplasm collections is use of the conserved accessions, it is important to

identify those valuable genes that can help develop varieties that will be able to meet the

challenges of current and future agriculture (de Vicente et al., 2005).
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2.11 Genetic erosion

The germplasm or genetic resources among the natural resources of crop plants have suffered a
sharp depletion in both the number of crop species and the genetic diversity expressed by the
amount of genetic variation within a species since the beginning of scientific breeding (Frankel,
1973; Harlan, 1975). The genetic resources of crop plants have been dwindling at an alarming pace
along with the rapid pace of development during the last three decades. The genetic base of the
major food crops suffered a sharp reduction when the farmers, consumers, crop breeders, and
government demanded genetic uniformity among the new varieties. Paradoxically, genetic erosion
is a by-product of successful plant breeding (Paddock, 1970; Hawkes, 1983). The rapid spread of
improved varieties has intensified the displacement of the traditional unimproved cultivars (land
races) and accelerated their extinction. The trend toward greater uniformity has increased the
genetic potential vulnerability of the major crops to epidemics of diseases and insects (National

Academy of Sciences, 1972).

2.12 Molecular diversity of rice

Having a better knowledge of the molecular basis of the important biological phenomena in crops
is essential for the effective preservation, management, and efficient utilization of plant genetic
resources (PGR). According to Barcaccia et al. (2010), an adequate knowledge of existing genetic
diversity, where in plant population is found and how to best utilize it, is of fundamental interest
for basic science and applied aspects like the efficient management of PGR. The improvement of
PGR is dependent on continuous infusions of wild relatives, traditional varieties and the use of

modern breeding techniques.
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These processes all require an assessment of diversity at some level, to select resistant, highly
productive varieties (Barcaccia et al., 2010). The assessment of genetic diversity within and
between populations, according to Barcaccia et al. (2010), is routinely performed at the molecular
level using various laboratory-based techniques such as allozyme or DNA analysis, which measure
levels of variation directly. Genetic diversity may be also gauged using morphological, and
biochemical characterization and evaluation: Each of the techniques has its particular bottlenecks
/ problems / limitations:

1. Morphological characterization does not require expensive technology but large tracts of
land are often required for these experiments, making it possibly more expensive than
molecular assessment. These traits are often susceptible to phenotypic plasticity;
conversely, this allows assessment of diversity in the presence of environmental variation.

2. Biochemical analysis is based on the separation of proteins into specific banding patterns.
It is a fast method which requires only small amounts of biological material. However, only
a limited number of enzymes are available and thus, the resolution of diversity is limited.

3. Molecular analyses comprise a large variety of DNA molecular markers, which can be
employed for analysis of variation. Different markers have different genetic qualities (they
can be dominant or co-dominant, can amplify anonymous or characterized loci, can contain
expressed or non-expressed sequences, etc.). However, the methods require expertise and
high initial investment.

Barcaccia et al. (2010) reported that the concept of genetic markers is not a new one and further
stated that in the nineteenth century, Gregor Mendel employed phenotype-based genetic markers
in his experiments. Later, phenotype-based genetic markers for Drosophila melanogaster led to

the founding of the theory of genetic linkage, occurring when particular genetic loci or alleles for



genes are inherited jointly. The limitations of phenotype-based genetic markers led to the
development of DNA-based markers, i.e., molecular markers. A molecular marker can be defined
as a genomic locus, detected through probe or specific starters (primer) which, by virtue of its
presence, distinguishes unequivocally the chromosomic trait which it represents as well as the

flanking regions at the 3’ and 5’ extremity (Barcaccia et al., 2010 ).

Molecular markers may or may not correlate with phenotypic expression of a genomic trait. They
offer numerous advantages over conventional, phenotype-based alternatives as they are stable and
detectable in all tissues regardless of growth, differentiation, development, or defense status of the
cell. Additionally, they are not confounded by environmental, pleiotropic and epistatic effects.
According to Barcaccia et al. (2010), an ideal molecular marker should possess the following
features:

» be polymorphic and evenly distributed throughout the genome;
provide adequate resolution of genetic differences;
generate multiple, independent and reliable markers;
be simple, quick and inexpensive;

need small amounts of tissue and DNA samples;
link to distinct phenotypes;

YV VV V V V¥V

Require no prior information about the genome of an organism. Nevertheless, no
molecular marker presents all the listed advantages.

Mondini et al. (2009) stated that molecular techniques have been applied in the analysis of specific
genes, as well as to increase understanding of gene action, generate genetic maps and assist in the
development of gene transfer technologies. Molecular techniques have also had critical roles in

studies of phylogeny and species evolution, and have been applied to increase our understanding



of the distribution and extent of genetic variation within and between species. These techniques are
well established and their advantages as well as limitations have been realized (Mondini et al.,

2009).

Agarwal et al. (2008) and Primmer (2009) stated that different methods of molecular assessment
differ from one another with respect to important features such as technical requirements, genomic
abundance, and level of polymorphism detected, locus specificity, reproducibility and cost.
Depending on the need, modifications in the techniques have been made, leading to a second
generation of advanced molecular markers. Genetic or DNA based marker techniques such as

Restriction Fragment Length Polymorphism (RFLP), Random Amplified Polymorphic DNA
(RAPD), Simple Sequence Repeats (SSR) and Amplified Fragment Length Polymorphism (AFLP)
are now in common use for ecological, evolutionary, taxonomical, phylogenic and genetic studies
of plant sciences. These techniques are well established and their advantages and limitations have

been documented (Mondini et al., 2009; Agarwal et al., 2008; Primmer, 2009).

2.6.1 DNA Based Molecular Techniques in genetic diversity studies.

Simple Sequence Repeats (SSR) are sets of repeated sequences found within eukaryotic genomes
(Katti et al., 2001; Bell and Ecker, 1994; Morgante and Olivieri, 1993). These consist of sequences
of repetitions, comprising basic short motifs generally between 2 and 6 base-pairs long.
Polymorphisms associated with a specific locus are due to the variation in length of the
microsatellite, which in turn depends on the number of repetitions of the basic motif. Variations in
the number of randomly repeated units are mainly due to strand slippage during DNA replication
where the repeats allow matching via excision or addition of repeats (Schlotterer and Tautz, 1992).

As slippage in replication is more likely than point mutations, microsatellite loci tend to be hyper



variable. Microsatellite assays show extensive inter-individual length polymorphisms during PCR
analysis of unique loci using discriminatory primers sets. Microsatellites are highly popular genetic
markers as they possess: co-dominant inheritance, high abundance, enormous extent of allelic
diversity, ease of assessing SSR size variation through PCR with pairs of flanking primers and high
reproducibility (Gupta and Varshney, 2000). However, the development of microsatellites requires
extensive knowledge of DNA sequences, and sometimes they underestimate genetic structure
measurements, hence they have been developed primarily for agricultural species, rather than wild
species (Gupta and Varshney, 2000). Initial approaches were principally based on hybridization

techniques, whilst more recent techniques are based on PCR (Gupta and Varshney, 2000).

Molecular markers are segments of chromosomes which don’t necessarily encode any traits and
are not affected by the environment but which are inherited in a Mendelian fashion. Some segments
of the chromosome change faster than others (i.e. coding vs. non coding DNA). As a result it is
recommended to use fast changing markers for closely related individuals and slow changing
markers for less related individuals (different species). Different marker types therefore have
different usefulness in fingerprinting individuals and populations. Moreover; a good marker for
fingerprinting studies will be cheap to run, or gives a lot of information per run; very repeatable
between assays; experience very low error rate and easy, unambiguous to score; and contain many
alleles (high information content). The following techniques are those most used in genetic
diversity studies and listed in chronological order: RFLP (restriction fragment length
polymorphism) (Botstein et al., 1980), SSR (simple sequence repeats or just microsatellites)

(Tautz, 1989), RAPD (randomly amplified polymorphic DNA) (Williams et al., 1990) or AP-PCR

(arbitrarily primed PCR) (Welsh and McClelland 1990), ISSR (inter-simple sequence repeats)
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(Zietkiewicz et al., 1994), AFLP (amplified fragment length polymorphism) (Vos et al., 1995),

SNPs (single nucleotide polymorphisms) (Chen and Sullivan, 2003) and, more recently, DarT
(diversity array technology) (Mace et al., 2009) and other high throughput platforms. These
different types of molecular markers are also different as to their potential to detect differences
between individuals, their cost, facilities required, and consistency and repetition of results

(Schlotterer 2004; Schulman, 2007; Bernardo, 2008).

Arif et al. (2011) presented a review summary of various tools of DNA marker technology for
application in molecular diversity analysis with special emphasis on wildlife conservation. As a
laboratory methodology, fingerprinting and diversity studies require the following steps:

> isolation of DNA

» digestion, hybridization, and/or amplification of DNA into specific fragments
» sizing /or separation of DNA fragment combinations or patterns into a set of individual

DNA fingerprints

» comparison of DNA fingerprints from different individuals

» calculation of similarity (or dissimilarity) coefficients for all pairs of entries in the genetic
study

» Creation of a dendrogram or graph to visualize the differences.
This investigation combined morphological and molecular techniques (using SSRs) to assess the

variation in a collection of rice germplasm from Liberia and Ghana.

2.13 Genetic distance
Genetic distance refers to the genetic divergence between species or between populations within a

species. It is measured by a variety of parameters. Smaller genetic distances indicate a close genetic



relationship whereas large genetic distances indicate a more distant genetic relationship. In its
simplest form, the genetic distance between two populations is the difference in frequencies of the
traits. Genetic distance is a quantitative measure of genetic difference between individuals,
population or species at the allelic level (Coulson et al., 1998). Many distance measures are
available but the choice depends on the kind of data, to be precise, interval data obtained from
morphological evaluations, allele frequency data from isozyme or DNA amplification products and
presence or absence data. The most common distance measure for morphological data is Euclidean
distance or straight line measure, estimated as similarity or dissimilarity. The Euclidean distance
between two individuals is given by the sequence root of the sum of all squares of pairwise
differences between two individuals, A and B, having morphological measures (i) where i=1...,P

represented by X1, X2,....Xp and Y1,Y2...and Yp is shown in equation 2.1.

2

Unlike Euclidean distance which is based on a metric character, Gower’s genetic distance (Gower,
1971) coefficient estimates distance on both qualitative, where a match between two individuals is
scored 0 and a mismatch is assigned 1, and quantitative traits which are calculated as the difference
in trait value divided by the overall range of trait. Then follow a sum of the individual trait distance
for each pair of individuals divided by the number of trails scored in both individuals. The distance
measure based on correlation coefficient is a powerful estimation when considering multivariate
variables. Distance measure based on correlation coefficient is able to increase accuracy scores
when data is not normalized. Moreover, it has the power to detect associations between two or
more variables than the classical methods such as Pearson measure as liner

relationships.

31



For SSR molecular data analysis, in which repeat amplification products represent alleles, varation
in calculated allele frequencies may be estimated or bands may be scored as presence or absence
to generate a binary data. A common distance measure which employs allele frequencies is Roger’s
distance, Cavalli-Sforza and Edward’s (1967) distance inter alia. Roger’s distance, RDij is given
by Equation 4.2 (Mohammadi and Prasanna, 2003)

RDij= % [£ (Xai —Xaj)2]1/2.....4.2

Where Xai and Xaj = frequency of the allele a for individual I and j, respectively.

When a bibary data matrix is constructed from s molecular data ,four measures of genetic distance
are often used, namely, the Modified Roger’s distance GDmMR Nei and Li’s (1979) coefficient,
GDni, Real and Vvargas (1996) coefficient GD;, and simple matching coefficient GDsm of
(Hubalek,1982), where Xi1 is the number of bands or alleles present in individuals: Xoo is the
number of bands or alleles absent in both X10 is the number of bands or alleles present in individual

i only, and Xoz is the number of bands or alleles present in individual j only. Simple matching and

Modified Roger’s are example of Eucledean distance measures. The formula for estimation for the

genetic distance of a binary matrix data are presented in equations 2.4, 2.5 and 2.6.

Dy =1— (52—

2X11+X10+X01 .24
X
GD, =1— (#)
J X11+X10+X01 .25
GD — 1 _ ( X11+XDO )
M X11+X10+Xo1+Xo0 .26

Roger’s genetic distance is also less sensitive to the overestimation of distance produced by
heterozygous loci and finite sample size than the Manhattan metric, Cavalli-Sforza and Edwards’s
distance and the modified Nei’s distance. The choice of a genetic distance measure for

microsatellite marker is subject to many factors, especially models that make assumptions on the



evolutionary forces, particularly mutation and drift that drive genetic change in the population
under study. The stepwise mutations model assumes that mutations are cumulative, like a growing
chain typical of microsatellites and tend to increase or decrease value of the allele one step at a
time rather than viewing very mutation event as resulting in a totally new allele of the infinite allele
model. In effect, alleles resulting from stepwise mutations are related to the one before it, making
it possible to trance evolutionary events in a population. In contrast, the infinite alleles model
alludes that a mutation event changes an allele from a given state into a totally new allele unrelated

to the previous allele which can then be subject to random selection or drift.

Microsatellite development is based on the stepwise mutations model, its distance measures
incorporate small changes arising from mutation, while not ignoring drift also. For example, the
Nei and Li (1979) genetic distance measure for co-dominant markers is a linear function of the
coancestry (Jung, 1993), the Modified Rogers distance is widely preferred because of its statistical
and genetic properties. Though the simple matching distance measure has Euclidean properties
which facilitate use in analysis of molecular variance, its major demerit is undifferentiated scores

for 0-0 and 1-1 matches (Mohammadi and Prasanna, 2003).

2.14 Multivariate techniques for interpretation of genetic distance

Regardless of population size, genetic distance among accessions is better visualized by application
of various multivariate statistical techniques that analysis relationships among accessions and traits
and group them into clusters on the basis of their genetic distance from multiple measurements on
individual operative taxonomic units. The most common multivariate techniques include cluster
analysis, principal component analysis or principal coordinate analysis and multidimensional

scaling (Thompson et al., 1998).
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2.14.1 Cluster analysis

Cluster analysis Darrock (2003) groups individuals on the basis of similarity in their characteristics
such that accessions within clusters are homogeneous and among clusteras are heterogeneous. Two
cluster methods based on i) distance measurement by Johnson and Wichern (1992) and the more
robust maximum likelihood estimation and Bayesian methods of Pritchard et al. (2000) developed
to overcome the constraints of distance —based methods are commonly applied . Mohammadi and
Prasanna (2003) compared the most used hierarchical tree-producing cluster method to the less
commonly used nontree- generating non-hierarchical methods. Hierarchical cluster is founded
upon assessment of relatedness and distance among individuals such that objects that are nearby
are more related than those that are far apart. Each cluster connotes the maximum distance which
connects members so that different cluster have different maximum distances. Essentially, the
hierarchical algorithm is agglomerative as it successively groups individuals and then merges them
on the basis of their similarities in three distance categories, Viz., minimum (single linkage),
maximum (complete linkage), and the average distance , Unweighted Paired Group with

Arithmetic Means, UPGMA (Blashfield et al., 1978).

The second most common clustering method is the Ward’s minimum variance method (Ward
1963). Mohammadi and Prasanna (2003) gave an extensive review of seven methods of clustering
namely, (1) single linkage, (2) compete linkage , (3) UPGMA, (4) Unweighted pair Group method
based on centroids (UPGMC) , (5) Median clustering , (6) Ward’s method, and (7) Principal
Component Analysis (PCA) . Comparison of the clustering methods when applied to classification
of barley germplasm collections based on both qualitative and quantitative data on disease

resistance (Peeters and Martinelli, 1989) and for the assessment of genetic diversity in dent and



popcorn maize based on inter-simple sequence repeats ( Kantety et al., 1995) demonstrated that
UPGMA provided results that were consistent with known heterotic groups and pedigree
information while PCA clearly separated the dent corn lines from the popcorn varieties. Moreover,
Rohlf and Wooten (1978) also confirmed that UPGMA gives most accurate clustering method for
classification in contrast to Lebeda and Jendrulek (1986) who report of performance of the
UPGMA clustering method is its sensitivity to unequal evolutionary rates leading to faulty tree

plots.

Melman et al. (2009) used the Euclidean distance and the UPGMA in estimating genetic variation
in inbred lines from Kenya, CIMMYL and U.S.A. by means of morphological traits and SSRs.
Analtsis of genetic diversity with SSRs among 42 CIMMYT maize inbred lines and 48 individuals
from each of 7 populations were performed by simple matching coefficient distance measure on
the binary matrix of the inbred lines and Nei’s ,Rogers’ and Modified Rogers distance measures
on the 53 SSR allele frequency matrix , respectively. On both sets of data, clustering was done by
the UPGMA method (Warburton et al., 2002).

Investigation of genetic diversity and assignment into heterotic groups of one hundred fifty-five
lowland tropical CIMMYT inbred lines were determined on 79SSR allele frequencies by the
Modified Rogers distance measure follow by UPGMA clustering (Xia et al., 2004). Enokai et al
(2000) studied genetic diversity among 55 inbred lines comprising 41 Japanese highland maize and
14 lines introduced from U.S.A., Canada, and Europe by estimation of the Dice genetic distance
measured on 60 SSR loci binary data followed by UPGMA clustering , Similarly, genetic diversity
and relationship among 35 Ethiopien and 21 CIMMYT- Zimbbabwe inbred lines was determined

on 27 SSR binary , matrix data through a Euclidean dissimilarity coefficient distance matrix and



UPGMA clustering. Beyene et al. (2006) used the Ward’s minimum variance (Ward, 1963) method
and Nei and Li’s (1979) coefficient too assess genetic similarities on 20 SSR marker data among
62 traditional Ethiopian highland maize accessions. Magorokosho (2006) estimated the genetic
distance between maize population originating from Zambia, Zimbabwe, and Malawi by means of
Euclidean coefficient and Ward’s modified location module. Dziedzic et al. (2014) evaluated over
500 Ghana maize populations with 20 SSRs, modified Rogers distance and clustering by UPGMA.
There is scarcity of information on the use of the Dice coefficient for coefficient for estimating

genetic distance in the African maize germplsm.

2.14.2 Principal Component Analysis (PCA)

Multivariate data analysis was developed by Pearson (1901) for the social sciences. It was later
developed again by Hotelling (1933) for the field of Educational Psychology. Other important
recent authors of PCA analysis are Jonson and Wichern (2007) and Joliffe (2002). The application
of PCA has been relevant in areas of agriculture, genetics (Menozzi et al., 1978) biology,
chemistry, ecology food research, just to mention a few. The main idea of PCA is to reduce the
dimensions of a data set with large numbers of variables while conserving the variance of the
original data. PCA being linear, transforms the original data to new data sets of linear variables
(PC) (Johnson and Wichern, 2007; Wilks, 2006). Generally the first PC has the maximum variance,
followed by the second, third, etc. The PCA generates three important products, the eigenvalues,
eigenvectors and scores, the dominant modes representing the most important characteristics from
the original data. Generation of a scatter plot from two or more PCs in space reveals sets of similar
individuals (Warburton and Crossa, 2000) and relationships between two or more variables

(Mohammadi and Prasanna, 2003).
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PCA has been one of the major tools used in genetic diversity studies. PCA was applied to maize
genetic diversity assessment by Qi-Lun et al. (2008). Similarly maize researchers in Africa such as
Beyene et al., (2006), also used the PCA technique in their respective maize genetic diversity
studies. The statistical power of PCA in genetic diversity studies is evident with the use of
descriptor list in which it is common practice to evaluate large number of both morphological traits
and molecular parameters. The method reduces the large variables into only few ones that carry

majority of the variance.

CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Experimental Sites

The experiment was conducted to study the genetic diversity of rice accessions in Liberia and
Ghana using morphological characteristics and SSR markers. The experiment comprised two
components; namely, morphological and molecular characterizations. The morphological
characterization was carried out in pots behind the Insectary Laboratory while the molecular work
was also done at the Biotechnology and Tissue Culture Laboratory both at the Department of Crop
and Soil Sciences, Faculty of Agriculture, Kwame Nkrumah University of Science and Technology

(KNUST) Kumasi, Ghana.

3.2 Seed Sources

Forty-eight (48) upland rice accessions were evaluated (Appendix I). Thirty-five Ghanaian
genotypes were obtained from Plant Genetic Resources Research Institute (PGRRI) at Bunso
Ghana, while thirteen Liberian accessions were obtained from the Central Agricultural Research

Institute (CARI), Suakoko in Bong County, Liberia.
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3.3 Evaluation of morphological characteristics of the rice genotypes.

The field experiment was conducted in 12 litre pots at the Department of the Crop and Soil Sciences
experimental field at the Faulty of Agriculture, KNUST, Kumasi. It lies between latitude

6.68° N, and longitude 1.57° W.

3.4 Soil used for the pot experiment

Soil collected from Deduako community, Kumasi, was analysed for its physical and chemical
properties, and the results are shown in (Appendix I11). Soil samples were thoroughly mixed and
air-dried and composite sample taken for physico-chemical analysis and biological assaying using
standard protocols. Soil pH was determined according to the electrometric method described by
Page et al. (1982) in a suspension of 1:2.5 soil to distilled water (soil: water) ratio. The modified
Walkley and Black procedure as described by Nelson and Sommers (1982) was used to determine
organic carbon content in soil samples. The Kjeldahl method involving digestion and distillation
was used to determine total nitrogen. The readily acid-soluble forms of phosphorus were extracted
with Bray No. 1 solution (HCI; NH4F mixture) (Bray and Kurtz, 1945). Practicle size distribution
was determined by the hydrometer method (Day, 1953). Potassium was determined in 1 M

ammonium acetate (NHsOAc) extract (Black et al., 1986).

3.5 Experimental setup for morphological characterization
The experiment was laid out in Completely Randomized Design (CRD) with three replications
(Appendix I1). Each replication was 52 rice accessions as treatment. Out of the 52 accessions, 48

genotypes were successful.
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3.6 Agronomic Practices

Standard agronomic practices such as soil sterilization, site preparation, filling of pots, seed
preparations, seed sowing and thinning-out, fertilizer application, pest and weed control, watering
and harvesting were adhered to.

Soil sterilization was done using the Steaming method. The mental barrel was filled with a Sandy
loam soil with 12 litre buckets filled with water added to soil for maximum steaming. Fire wood
was added under the mental barrel to help produced excessive heat to kill or reduced the soil borne
diseases. The soil was boiled to about 900C for 30 minutes and later cooled to a room temperature

level. The sterilized soil was then distributed into each of the pots.

The site for the pot experiment was cleared using cutlass and a hoe. Plastic sheets were used to
cover the area to avoid soil micro infestation. A total of one hundred and forty-four 12-litre buckets
(pots) were filled with sterilized soil. The pots (buckets) were arranged/ grouped into three
replications for the different rice accessions. Each replicate had 48 pots. Germination test was

carried out to ascertain their viability.

The 48 samples of rice accessions under each group were soaked for 24 hours thereafter, incubated
for three (3) days for faster germination and emergence. Each of the 48 pots was planted with 4
seeds and later thinned to one. The plants were watered at least once a day manually to prevent
waterlog. The compound fertilizer of NPK (15-15-15) was applied by ring method 7 days after
planting at the rate of 1.5 g in each pot as a first dose. Second rate of the compound fertilizer (NPK;
15-15-15) was applied one month after the first dose was applied at same rate of 1.5 g per pot. The

third dose was the urea fertilizer. The urea was applied in the maximum tillering stage one month



after the second dose of NPK was applied at the rate of 1.5 g per pot. Pests (worms, leaf miners
and flies) infestation were avoided using a systemic pesticide, Lambda Master 2.5 EC (25¢g lambda-
cyhalothrin/litre) at a dosage of 100ml / 15 Litre of water (600mls/ha). Spraying of insecticide was
done twenty five (25) days after planting. Weed control was done manually by uprooting when

necessary. Birds were scared from reproductive stage with bird net to harvesting time.

3.7 Harvesting

Harvesting was done per pot when 90% of plants on a given replication in full were physiologically
matured (ripe seeds and droopy panicle). Harvesting was done by carefully cutting panicles with a
pair of scissors or harvesting knifes. Panicles from each plant were placed in a separate envelope

and labelled to reflect the accession name and replication.
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3.8 Morphological characters evaluated

3.8.1 Standard evaluation system for rice data collection

The sources of materials used as a guide for rice data collection is IRRI and WARDA Rice
Descriptor (2007). Morphological characters collected were both qualitative (27) and quantitative

(14).

3.8.2 Qualitative characters

The qualitative characters studied were basal leaf sheath color, leaf sheath (anthocyanin
coloration), leaf blade attitude (angle of the penultimate leaf prior to heading), leaf (auricle color;
shape of ligule; color of ligule), flag leaf (attitude of blade), culm (kneeing ability; habit angle),
awns (color of awns; distribution of awns), lemma ( color of apiculus), lemma and palea color,
lemma (anthocyanin coloration of area below apiculus), spikelet (color of stigma), culm
(anthocyanin coloration of nodes; internode anthocyanin), culm logging resistance (culm strength),
panicle (attitude of main axis; attitude of branches and secondary braching), sterile lemma length,
scoring of these traits was based on IPGRI rice descriptor manual (Darwin, 2003) as shown in

(Appendix V).
3.8.3 Quantitative characters measured

3.8.3.1 Culm diameter at basal internode (DABI)
The culm diameter at basal internode (mm) was measured using vernier calipers and the mean was

computed.
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3.8.3.2 Flag leaf length and width
Leaf length was measured from the base to the tip of the flag leaf, rounded off to the nearest
millimetre, while the width was measured at the widest part of the flag leaf and recorded to the

nearest mm.

3.8.3.3 Leaf width and length of blade
The leaf width was measured from the widest side of the leaf end of each of the randomly selected
plants using the measuring tape. Length of bla de was also measured transversely from the collar

to the tip of the leaf blade.

3.8.3.4 Length of ligule (LOL)
Leaf length of ligule of the replicated accessions was obtained when measured by measuring from

the base of the collar to the tip.

3.8.3.5 Panicle number per plant (PNPP)
The total number of panicles per plant was counted and recorded at the maturity stage before

harvest.

3.8.3.6 Plant height

Plant height (cm) was measured from soil surface to tip of the plant at reproductive sage using the

measuring tape.
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3.8.3.7 Productive tillers per plant
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3.8.3.8 Awn length (mm)

The awn is a long slender extension of the lemma in rice. It was measured from the tip of the spike

to the tip of the longest awn.

3.8.3.9 Panicle length of main axis

The panicle length of main axis was measured from the base of the panicle to the tip of the lemma

or palea using the measuring tape.

3.8.3.10 One hundred grain weight

One hundred well developed seeds were randomly selected per replication for each accession. The
seeds were obtained from the harvested samples of accessions after harvest; dried to 13% moisture
content and weighed on a balanced precision scale (METTER PM 400) to determine the 100 grain

weight.

3.8.3.11 Grain length
The grain length was measured as the distance from the base of the lowermost glume to the tip

(apiculus) of the fertile lemma or palea.

Productive tillers/ Plant was obtained by counting the number of tillers per plant and averaged across

replications for each accessions during the maturity stage.
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3.8.3.12 Grain width
To obtain the grain width, it was measured as the distance across the fertile lemma and palea at the

widest point using the callipers at post-harvest stage.
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3.9 Morphological data analysis

Microsoft Excel was used to record and organize the data. The qualitative and quantitative data
were subjected to Analysis of Variance (ANOVA) using the GenStat Statistical package version
(12" edition, VSN international, Hemel Hempstead) to calculate the relationship between the traits
of the genotypes. Least Significant Difference (LSD) at 5% was used to separate the treatments
means. MINITAB®17 Statistical Software was used to perform analyze the principal component

analysis (PCA).

3.10 Laboratory Experiment: Evaluation of 48 Rice Genotypes from Liberia and Ghana
using SSR Markers

3.10.1 Molecular analysis

After the morphological characterization of the accessions, the 48 rice accessions were examined
at the molecular level for the estimation of the genetic diversity among and within the genotypes.
Sixteen SSR primers designed for rice DNA fingerprinting were used. The primers were obtained

from Metabion International Laboratory, Germany. These are shown in Table 3.1.

3.10.2 DNA extraction and purification

About two grams of the young, fresh and healthy leaves of three week old plants from each of the
48 rice accessions were sampled, cleaned with 70% Ethanol and placed in 2ml eppendorf tubes.
They were immediately frozen in liquid Nitrogen and ground to a fine powder. The total DNA was
isolated from the leaf tissue using CTAB method (Dellapora et al. 1983) with slight modification

by Takrama (2000) adopted by Cocoa Research Institute of Ghana (CRIG) / Kirkhouse Trust
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Mobile Laboratory. Each tube had 800 ul of CTAB buffer containing 2% CTAB, 2%, PVP, 1.4M
NaC1l, 20mM EDTA pH 8.0 and 0.2% 2 -mercaptoethanol and incubated in a water -bath at 65°C
for 30min with intermittent vortexing . An equal volume of 24: 1 ratio of Chloroform; Iso -amy1l
alcohol was added and spun in 5804 centrifuge (Eppendorf, Germany ) for 30 minutes at 14000
rpm.

The supernatant was pipetted into 1.5 ml eppendorf microfuge tube and the Chloroform Iso-amyl
alcohol wash was repeated . The supernatant was again pipetted into a new 1.5 ml eppendorf
microfuge tube and placed on ice. Iso - propanol was added and kept in the freezer overnight to
enhance DNA precipitation. The precipitate was centrifuged at 14000 rpm for 5 minutes and the
ice _cold 2-propanol was decanted. DNA Pellets were washed with 10 mM Ammonium acetate _
Ethanol buffer, and 80% ethanol was added to pellets and centrifuged at 6000rpm for 4 minutes.
The ethanol was decanted and pellets wee dried at 37 °C in DNA mini centrifuge. The precipitated
DNA was re-suspended in 50 pl of 1.0 mM Tris- HCI pH 8.0 and 0.1 mM EDTA pH 8.0 1X TE

buffer.
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Table 3.1a: List of rice SSR markers used in the DNA fingerprinting S/No Marker name Primers Sequence (5’-3’) No. of

Motif Number

Chromosomes Amplified

bases of product
repeats size
1 RM 105-F GTCGTCGAC CCA TCG GAG CCAC 22 CCT 6 9 134
RM105-R TGGTCG AGGTGG GGATCG GGTC 22
2 RM 125-F ATCAGCAGCCATGGCAGCGACC 22 GCT 8 7 127
RM 125-R AGGGGATCATGTGCCGAAGGCC 22
3 RM 11-F TCTCCTCTTCCCCCGATC 18 GA 17 7 140
RM 11-R ATAGCGGGCGAGGCTTAG 18
4 RM 25-F GGAAAGAATGATCTTTTCATGG 22 GA 18 8 146
RM 25-R CTACCATCAAAACCAATGTTC 21
5 RM 408-F CAACGAGCTAACTTCCGTCC 20 Colt. 3 8 128
RM 408 -R ACTGCTACTTGGGTAGTCGACC 22
6 RM536-F TCTCTCCTCTTGTTTGGCTC 20 Gt g6 11 243
RM 534-R ACACACCAACACGACCACAC 20
7 RM 552-F CGCAGTTGTGGATTTCAGTG 20 TAT 13 11 195
RM 552-R TGCTCAACGTTTGACTGTCC 20
8 RM 484-F TCTCCCTCCTCACCATTGTC 20 AT 9 10 299
RM 484-R TGCTGCCCTCTCTCTTCTTC 20
9 RM 171-F  AACGCGAGGACACGTACTTAC 21 GATG 5 10 328
RM 171-R ACGAGATACGCTCGCCTTTG 20
10 RM 271-F TCAGATCTACAATTCCATCC 21 GA 15 10 101
RM 271-R TCGGTG AGACCTAGAGAGCC 20
11 RM 474-F  AAGATGTACGGGTGGCATTC 20 AT 13 10 252
RM 474-R TATGAGCTGGTGAGCAATGG 20
12 RM 215-F CAAAATGGAGCAGCAAGAGC 20 CT 16 9 148
RM 215-R TGAGCACCTCCTTCTCTGTAG 21
13 RM316-F CTAGTTGGGCATACGATGGC 20 GT 8 9 192
RM 316-R ACGCTTATATGTTACGTCAAC 21
14 RM 447-F CCCTTGTGCTGTCTCCTCTC 20 CTT 8 8 111



RM 44-R ACGGGCTTCTTCTCCTTCTC 20
46

Table 3.1 continued

15 RM 433-F TGCGCTGAACTAAACACAGC 20 AG 13 8 224
RM 433-R AGACAAACCTGGCCATTCAC 20
16 RM118-F CCAATCGGAGCCACCGGAGAGC 22 GA 87 156 RM 118-R CACATCCTCCAGCGACGCCGAG 22

F=forward primer, R=Reverse primer. Source: Metabion International Laboratory, Germany

The DNA integrity was assessed by loading 10 at DNA samples ( plus 2 pl loading dye) on a 1% agarose gel submerged in 1X TBE
buffer, and run at 120 volts for 45 minus. The agarose gel was stained with gel red for DNA band visualisation under auUv

transilluminator.






3.10.3 DNA quality control

After extraction, the purity and concentration of the extracted DNA were determined using a
spectrophotometer (Biochrom Libra S12) and the absorbance reading taken at 260 mn and 280 mn
levels. The DNA quality was assessed using the absorbance ratio at 260 to that at 280 nm
wavelengths (A260/A280). A ratio of 1.8-2.0, was considered of good quality, whereas a ratio of
less than 1.8 indicated proteins contamination and /or other UV absorbers in the sample, and a
ratio higher than 2.0 indicated the sample may be contaminated with RNA or phenols (CIMMYT,
2005). DNA quality was calculated according to Weising et al. (1995) as DNA (ug/pl) =A260x50
where, A260 is the absorbance at 260nm. Therefore, the concentration of DNA in pg/nl was
calculated as DNA (ug/ml) = [A260x50] x DF, where DF is the dilution factor.

From the quantities of DNA calculated, the appropriate volumes were pipetted into tubes and
topped up with sterile distilled water (SDW) to make final concentration of 20 ng/ul for polymerase
chain reaction amplifications. For samples with very weak concentration, no further dilutions were

done. DNA samples with no visible shearing were then selected for subsequent PCR amplification.

3.10.4 Polymerase chain reaction with molecular markers

PCR Amplifications were carried out in Techne prime thermal cycler (Labnet International Inc.,
California, USA) and GeneAmp PCR System 9700 (Applied Biosystems, USA) of 96 well plates
with heated lid to reduce evaporation. The DNA from the 48 tagged rice samples were
fingerprinted using SSR markers. 9ul of premix of 3.3 pl double distilled water, 5.0 ul buffer

+dNTPs
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(Deoxynucleotide Triphosphates), 0.02 pl MgCL», 0.6 pl forward and reverse primers and 0.08 pl Taq
polymerase was pipetted into 200 pl tube. After that 1 pl of 4ng/ pl DNA was added to make a total volume of

10 ul. The reaction mixtures were short spun and placed in the thermal cycler and ran with the following

held at 4 °C.
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programme: 3.0 minutes at 94 °C followed by 30 sec at 94 °C for denaturing, 30 sec at 55°C for annealing, 1min

at 72 °C for extension, repeated for 35 cycles, an d final extension of 7.0mins at 72 °C amplified samples were

3.10.5 Agarose gel electrophoresis

The PCR products were separated using horizontal Agarose gel electrophoresis. The amplified
DNA fragments were separated on 2.0 % agarose gel stained with 0.005% gel-red solution. After
that 2 pl loading dye (6X Bromophnol blue) was added to the PCR products. When the gel was
set, the PCR products were added in the wells submerged in 1X TBE buffer. The samples were

then run at 120 volts for 2 hours, observed on the UV transilluminatar and photographed.

3.10.6 Gel scoring of DNA fragment

After staining with GelRed, size matching/ calling was done using a 100 bp DNA marker ladder
(KAPA Universal DNA Ladder Kit) The bands on the gel were scored for presence (1) or (0) of
bands together with their respective sizes. For each markers, alleles for the data set were scored
according to size of base pairs of the 100bp ladder DNA marker. This procedure was conducted
for each marker until all alleles were scored with the smallestand largest-sized alleles representing

the start of the first scoring and end of the last scoring respectively.
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3.11 Molecular Data Analysis

The DNA applicant size was considered as a unique characteristic and scored as presence (1) or absence
(0) for cluster analysis. A sequential agglomerative and hierarchical clustering dendrogram, which
illustrates genetic relationship among the rice genotypes was constructed using unweighted pair group
method with arithmetic mean (UPGMA) algorithm for clustering and simple Matching (SM) similarity
coefficient in NTSYS software (2.2). Sequential and hierarchical Nested (SAHN) option was employed
(Rohlf, 2000). Gene diversity, allele frequency, number of alle les, heterozygosity and polymorphic

information content (PIC) values of the markers were calculated using PowerMarker VV3.25 computer

software.

54



55



CHAPTER FOUR
RESULTS
4.1 Morphological Characters

The morphological characters taken included both qualitative and quantitative characters.

4.1.1 Qualitative characters
The results of some qualitative traits assessed among the forty-eight rice accessions for basal
leafsheath color; leaf blade attitude (angle of the penultimate leaf prior to heading); leaf (auricle

color); leaf (color of ligule); leaf (shape of ligule) and leaf sheath (anthocyanin coloration) are as

follows:
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Basal leaf-sheath color (BLC)

Figure 4.1: Basal leaf-sheath colour type for the

Leaf blade attitude (APLPH)
Figure 4.2: Leaf Blade
Attitude (Angle of the

48 rice varieties Penultimate Leaf Prior to Heading)

Figure 4.1 shows the distribution of basal leaf sheath colour in the germplasm. There were five

types for the forty-eight rice accessions, namely; green, purple, light purple, purple line and

56



mixture. Thirty-five rice accessions were of the green colour type while two, seven, three and one of

the accessions were of the purple, light purple, purple line and mixture types respectively.
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The leaf blade attitude (angle of the penultimate leaf prior to heading) was of three types; erect,
horizontal or drooping. Seventeen of the rice accessions studied were of the erect type while ten
and twenty-one of the accessions were of the horizontal and drooping Leaf Blade Attitude (Angle

of the Penultimate Leaf Prior to Heading) type (Figure 4.2).

According to Figure 4.3, the ligule (colour of ligule) was of four types for the forty-eight rice
accessions, namely; purple, light purple, purple line and those that were not having (absent). Three
of the rice accessions were of the purple and purple line type, while four and thirty-eight of the

accessions were of the light purple and absent types respectively.

— 40
R g N=48
< -
0 30 - 2 30
S 90 - ® 20
; 20 8
(¥} - L -
210 5 10
° s
5 0 ° S40%
‘g Absent Purple lines Purple Light § Strong Medium Weak Absent
z purple Leaf sheath (anthocyanin coloration)

Leaf (color of ligule)

Figure 4.3: Ligule (colour of ligule) type for Figure 4.4: Leaf sheath (anthocyanin the 48 rice varieties

coloration) type for the 48 rice varieties

The leaf sheath (anthocyanin coloration) was of four types for the forty-eight rice accessions,
namely; strong, medium, weak and those that were of the absent type. Five of the rice accessions
were of the strong type, two, three and thirty-eight of the accessions were of the medium, weak

and absent types respectively (Figure 4.4).

According to Figure 4.5, the leaf (auricle colour) was of four types for the forty-eight rice
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accessions, namely; purple lines, purple, light purple and those that were of the type absent. Three
of the rice accessions were of the purple lines type, while two, six and thirty-seven of the accessions

were of the purple, light purple and absent types respectively.
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Figure 4.5: Auricle (auricle colour) type for the 48 rice varieties

4.1.2 Morpho-agronomic analysis of quantitative characters
The mean, standard error, range, coefficient of variation, standard error of deviation, F probability
of the least significant difference at 5% were computerized for 12 quantitative characters are shown

in the Table 4.1 below.
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Table 4.1: Summary statistics of 14 quantitative traits measured on 48 rice accessions from Liberia and

Ghana Traits Mean +tS.E  Range CV (%)

Culm(DABI) 7.19+1.03 1.79 - 13.00 14.3
Elag leaf (FL L) 3404 +2 25 1317 -6750 6.6
Leaf (LOB) 51.47 £1.44 34.67 —71.83 2.8
Leaf (LOL) 1.83£0.17 1.13-2.50 9.5
Leaf (WOB) 1.50 £0.16 1.17-2.00 10.5
Panicle (PNPP) 11.47 £1.10 4.67 — 25.00 9.6
Plant height, cm (PH) 129 +11.14 66.00 — 187.5 3-29 8.6
Produ. Tillers /plt 11.06+4.6 42.0
Awn Length (AL) 8.04 +0.12 1.5-62.00 14.3
Grain Length(GL) 1.46 £0.35 0.96 — 2.08 24.2
Grain width (GW) 1.55 £0.65 1.16 - 3.10 41.6
Grain (WOFDG) 2.17 £0.40 1.10-2.88 18.4
Panicle (LOMA) 24.58 + 3.27 19.47 — 30.63 13.3
Sterile (LL) 1.30+1.23 1.00-9.00 28.1

WOB=Leaf width of blade, LOL=Leaf length of ligule, FLL= Flag leaf length, DABI=Culm diameter at basal
internode, AL= Awn length, LOMA= Panicle length of the main axis, WOFGD=100 grain weight of fully developed

4.2 Phenological Studies of Some Early Reproductive Traits among Rice Accessions The
following qualitative traits were also studied in the early reproductive stage to characterize their
diversity among the 48 rice accessions. These early reproductive traits were lemna colour, lemma
length, colour of awns, distribution of awns, culm habit (angle), culm (kneeing ability), flag leaf
(attitude of blade), lemma (anthocyanin coloration of area below apiculus), lemma (colour of
apiculus), lemma and palea colour and spikelet (colour of stigma)] are as follows:

From Figure 4.6, the sterile lemma colour was of three types for the forty-eight rice accessions,
namely; straw, brown and black. Thirty-nine rice accessions were of the straw type while eight

and one of the accessions were of the brown and black types respectively.

The sterile lemma length was of two types; either short or medium. Forty-four of the rice accessions
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studied was of the short (<1.5mm) sterile lemma length type while four of the accessions were of

the medium (1.6-2.5mm) sterile lemma length type (Figure 4.7).
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Figure 4.6: lemma length types for the Figure 4.7: lemma color types for the 48
48 rice varieties studied rice varieties studied

The colour of awns was of six groups; namely, those that were absent (20 rice accessions), gold
(19 rice accessions), red (4 rice accessions), purple (1 rice accession), whitish (3 rice accessions)
and straw (1 rice accession) (Figure 4.8).

The distribution of awns was of six groups; namely, those that were absent (24 rice accessions), tip

only (10 rice accessions), upper quarter (9 rice accessions), upper half (1rice accession), upper
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three quarters (2 rice accessions) or whole length (2 rice accessions) (Figure 4.9).
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rice accessions accessions

According to Figure 4.10, the culm habit (Angle) for the 48 rice accessions was of four types,
namely, open (29 rice accessions), spreading (1 rice accession), semi-erect (14 rice accessions)

and erect (4 rice accessions).
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The Culm (kneeing ability) was of two groups; either absent or present. Thirty-one of the rice
accessions studied had the Culm (kneeing ability) absent while seventeen of the accessions had the

Culm (kneeing ability) present (Figure 4.11).

The Flag leaf (attitude of blade) was of five groups; namely, those that were absent (1 rice
accession), horizontal (8 rice accessions), descending (3 rice accessions), semi-erect (20 rice

accessions) or erect (14 rice accessions) (Figure 4.12).
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Figure 4.12: Flag Leaf (attitude of blade) Figure 4.13: Lemma (anthocyanin of the
48 rice accessions coloration of area below apiculus) type of the 48 rice accessions
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According to Figure 4.13, the Lemma (anthocyanin coloration of area below apiculus) for the 48

rice accessions was of three types. The three types included very weak (43 rice accessions), weak

(3 rice accessions) or strong (2 rice accessions).

The Lemma (colour of apiculus) was of five colours; namely, those that were white (30 rice accessions), green
(2 rice accessions), brown (8 rice accessions), purple (6 rice accessions), straw

(1 rice accession) or red (1 rice accession) (Figure 4.14).
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According to Figure 4.15, the lemma and palea colour for the 48 rice accessions was of nine types.

There were some that were white (22 rice accessions), blackish brown (1rice accession), brown

spot (2 rice accessions), green (11 rice accessions), yellowish green (Irice accession), gold (6 rice

accessions), black (2 rice accessions), purple (1rice accession) and brown (2 rice accessions).

Colours such as white (35 rice accessions), yellow (10 rice accessions), light purple (2 rice accessions) and
purple (1rice accession) were recorded for the Spikelet (Colour of Stigma) for the

48 rice accessions (Figure 4.16).
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Figure 4.16: Spikelet (colour of stigma)

4.3 Phenological Studies of Some Late Reproductive Traits among Rice Accessions
Qualitative traits that were measured at the late reproductive stage were culm (anthocyanin
coloration of code), culm (internode anthocyanin), culm lodging resistance (culm strength), culm
(underlying node colour), flag leaf (attitude of blade), panicle (attitude of branches), panicle (attitude of

main axis) and panicle (secondary ranching).
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According to Figure 4.17, the Culm (Anthocyanin Coloration of Node) of the 48 rice accessions was

of three types; those that were absent (40 rice accessions), purple (5 rice accessions) or purple
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line (3 rice accessions).
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Figure 4.17: Culm (anthocyanin coloration of node) of the 48 rice accessions the 48 rice accessions

Figure 4.18: Culm (internode anthocyanin) of

The Culm (internode anthocyanin) of the 48 rice accessions was of three types; those that were absent (41

rice accessions), purple (5 rice accessions) or purple line (2 rice accessions) (Figure

The Culm lodging resistance culm strength) of the 48 rice accessions was of three forms; namely,
those that were weak (15 rice accessions), intermediate (16 rice accessions) and strong (17 rice

accessions) (Figure 4.19).

4.18).
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leaf (attitude of blade) (culm strength) of the 48 rice accessions of the 48 rice accessions

According to Figure 4.20, the Flag leaf (attitude of blade) of the 48 rice accessions was of four
types; those that were erect (9 rice accessions), semi-erect (16 rice accessions), horizontal (19 rice

accessions) or descending (4 rice accessions).
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Figure 4.21: Panicle (attitude of branches) of the 48 rice accessions

The Panicle (attitude of branches) of the 48 rice accessions was of four types; those that were
dropping (3 rice accessions), open (25 rice accessions), semi-compact (19 rice accessions) or
compact (1 rice accessions) (Figure 4.21).

According to Figure 4.22, the Panicle (attitude of main axis) of the 48 rice accessions was of three
types; those that were slightly dropping (1 rice accessions), semi-upright (16 rice accessions) or

upright (31 rice accessions).
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rice accessions branching) of the 48 rice accessions

The Panicle (secondary branching) of the 48 rice accessions was either sparse (33 rice accessions) or

dense (15 rice accessions) (Figure 4.23).
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4.4 Principal Component Analysis (PCA)

The principal components analysis based on the 14 quantitative traits was performed individually
to determine the relative contribution of the different traits to the total variation in rice. The PCA
is an ordination multivariate technique that allows the use of biplots to visualize the relationship
between the accessions and measured traits.

Four significant principal components were identified and accounted for 55.3% of the total variation. PC1
had Eigen-value of 0.44, explaining 18.5% of the total variation (Table 4.2).

Quantitative traits such as panicle per plant (0.43), panicle length of the main axis (0.43), flag leaf
(0.34), sterile lemma length (0.39), leaf length of ligule (0.27) and plant height (0.25) contributed
greatly to PC1, which accounted the highest for the total variation. PC2 depicted proportion of
variance as 14.5%, PC3 contributed 12.2% to the total variation and PC4 had 10.1% to the total
variation (Table 4.2). PC2 was associated with leaf length of blade (0.48), sterile lemma length
(0.43), grain width (0.34), plant height (0.33) and flag leaf (Table 4.2). PC3 was associated with
Culm diameter at the basal internode (0.47), awn length (0.46), leaf width of blade (0.41), and flag
leaf (w) (0.35). The fourth PC had 0.16 as its Eigen-value and it explained 10.1% of the total
variation. PC4 was associated with leaf width of blade (0.62), grain weight of 100 fully developed

grain (0.45), leaf length of ligule (0.32), and grain length (0.29).

72



Table 4.2: Principal components analysis based on the 14 quantitative traits

Variable PC1 PC2 PC3 PC4
LEAF (LOB) 0.25 -0.48 -0.04 -0.08 LEAF (WOB)
0.07 0.03 0.41 -0.62

LEAF (LOL) 0.27 0.01 -0.18 0.32
FLAG LEAF (L) 0.34 0.28 0.04 0.11
FLAG LEAF (W) 0.11 0.33 0.35 0.01
CULM (DABI) -0.15 0.11 -0.47 -0.28
PANICLE/PLT -0.43 -0.29 0.01 0.18
STERILE (LL) -0.39 -0.43 0.09 -0.04
AWN LENGTH 0.21 0.11 -0.46 -0.26
PANICLE LOMA 0.41 -0.14 -0.28 -0.05
GRAIN (WOFDG) 0.27 -0.22 0.05 -0.45
GRAIN L -0.29 0.29 -0.26 -0.29
GRAIN WIDTH 0.19 0.34 0.23 0.09
PIt Height 0.25 -0.33 0.18 0.27
Eigenvalue 0.44 0.31 0.24 0.16
Proportion 0.03 0.02 0.02 0.01
Cumulative 0.95 0.97 0.99 1.00

WOB=Leaf width of blade, LOL=Leaf length of ligule, FLL= Flag leaf length, FLW=Flag leaf width, DABI=Culm
diameter at basal internode, PAN=panicle number per plant, SLL=Sterile lemma length, AL= Awn length, LOMA=
Panicle length of the main axis, WOFGD=100 grain weight of fully developed grain, GL= Grain length, GW=grain
weight, PH= plant height
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Figure 4.24: Grouping genotypes based on PCA biplot among the 14 quantitative traits

Trait abbreviations as given in Table 4.2

The principal components analysis based on PCA biplot of the rice accessions revealed diverse
grouping pattern among the 14 quantitative traits (Figure 4.24). While some accessions showed
longer vector distances , shorter vector distances were observed for others. For PC1, Gh1578
recorded the longest vector distances. Gh1526 and LAC 23 -1, recorded the moderate distances

from the vector origin while GH3623, GH1588 and LAC23 -2-3 recorded the shortest. GH1570
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and GH1550 had the longest distances for PC2. GH5173 and LAC 23-12 had similar vector in PC2 and were
separated from the rest of the accessions (Figure 4.24).
4.5 Cluster Analysis of the Morphological Data

A dendrogram was constructed for the forty eight (48)ice genotypes based on their morphological
characteristics. Figure 4.25 shows at a similarity index of 68% the accessions clustered into 7 main
clusters. The most distant genotype were Gh1540 and LAC23-1, which were found in the first and
last of position of the dendrogram. Cluster | was the largest of all the clusters and contained 20
accessions with five sub -clusters. Cluster 111 was the second largest cluster with 16 accessions
including two sub -clusters and cluster 1V had 8 accessions with two sub  -clusters respectively.
Cluster VI had three accessions with two sub  -clusters and next was cluster Il which had two
accessions only. Cluster V and VI had one accession each, which were LAC23 -9 and GH1540.
Cluster VI had three accessions and comprised of two sub-clusters. Accessions in the same cluster
have the same morphological characteristics and sub -clusters indicate that the accessions have
some distinct traits from other members of the clusters. The 48 rice accessions (from Liberia and
Ghana) showed no distinctive morphological characteristics based on geographical origin, as the

analysis showed no group of accessions from either of the geographical locations divergently

clustered.
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Table 4.3: Peason correlation coefficients among the quantitative traits studied

LOB WOBL W DABIPAN LL AWN LOMA WOFGD GLGW
LOL

WOB -0.316

LOL -0.237 0.93**

0.44%%
FLL 5, 012
FLW  -0.100.170.18 0.22
0.02 & &
*
DABI 0.37+%3%70.050.13
PAN 022 0.040.04 | 0 0.14
0.46%* 0.97** 0.92%* -
* -
SLL 3l on 0.33 0.02
AL -0.050.05  0.08 0.03 P, vl
-0.14
0.78%% -0.14 -0.02
- *
LOMA "k 0,00 0.21 0.19 0.30% 0.08
-0.33% 0.98%* 0.94%*
* 4 EE .
WOFGD S 071 0.37 0.03 0.97** 0.06 0.16
-0.43% 0.98%* 0.93%* - - . .
GL 06 0,13 0.37** -0.01 0.99%* 0.09 -0.25 0.98
-0.45%%0.97%% 0.93%* -
dk _ # ok S * EE: ok
GW ko1 0.34** -0.04 0.99%* 0.08 0.28% 0.98%* 0.99

PH 0.71 -0.28%*-0.23* 0.39  -0.05**-0.09 0.14 -0.40 -0.22* 0.69** -0.31* 0.38*%* -0.38**




P<0.05*%, P<0.01** WOB=Leaf width of blade, LOL=Leaf length of ligule, FLL= Flag leaf length, FLW=Flag leaf width, DABI=Culm
diameter at basal internode, PAN=panicle number per plant, SLL=Sterile lemma length, AL= Awn length, LOMA= Panicle length of
the main axis, WOFGD=100 grain weight of fully developed grain, GL= Grain length, GW=grain weight, PH= plant height.
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4.6 Pearson Correlation among the Quantitative Traits

Highly significant positively correlation was observed between length of ligule and leaf width of
blade (r =0.93). Relationship between sterile lemma length and length of ligule was highly
positively correlated (r = 0.92) (Table 4.3). Plant height was significantly positively correlated (r

= 0.69). Grain length and length of ligule is highly significantly positively correlated (r =0.99)
(Table 4.3). However, correlation between culm diameter at basal internode and length of ligule,
sterile lemma length and culm diameter at basal internode , 100 grain weight of fully developed
grain and culm diameter at basal internode , plant height and grain length were positively correlated
( Table 4.3). Correlation between awn length and culm diameter at basal internode, panicle length
of the main axis and length of ligule, plant height and 100 grain weight of fully developed grain

were negatively correlated (Table 4.3).

Correlation studies provide information on nature and extent of association between two pairs of
metric characters. However, it could be possible to bring genetic improvement in one character by
selection of the other of a pair. Traits that show significant positive correlation in this study could
be improved simultaneously. However traits that exhibit negative relationships could be improved

independently in the future

4.7 Summary Statistics about the SSR Markers Used

DNA bands were scored for DNA fingerprinting analysis with the molecular data generated using
16 SSR markers. Summary statistics of each SSR marker was calculated using Powermaker
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Software version 3.25. The results obtained are presented in Table 4.4. Out of the 20 primers pairs,
16 gave polymorphic bands and therefore were used for the analysis. Allelic frequency revealed
by the markers across the 48 rice accessions ranged from 0.50 to 0.97 with a mean of 0.76. SSR
Marker RM474, RM484, RM11, RM105, and RM125, recorded the highest number of allele
number detected (10.00, 7.00, 7.00, 7.00, 6.00) Table 4.4. This was followed by RM536 and RM
552 (5.00, 5.00) in that order, the least were RM 215, RM 316, RM 447s, RM43 and RM 118. The
genetic diversity revealed by expected heterozygosity (HE) ranged from 0.11 for RM447 to 1.00

for RM474 with a mean of 0.47 (Table 4.4).

Table 4.4 Summary Statistics of the sixteen (16) SSR Markers Marker Allele Gene
Allele No  Heterozygosity PIC Frequency
Diversity
RM105(SSR1) 0.84 7.00 0.28 0.32 0.27
RM125(SSR1) 0.70 6.00 0.49 0.52 0.47
RM11(SSR3) 0.66 7.00 0.54 0.69 0.52
RM25 (SSR4) 0.92 4.00 0.16 0.17 0.15
RM408(SSR5) 0.57 6.00 0.63 0.87 0.59
RM536(SSR6) 0.88 5.00 0.23 0.25 0.22
RM552(SSR7) 0.56 5.00 0.58 0.87 0.51
RM484(SSR8) 0.50 7.00 0.68 0.98 0.65
RM171(SSR9) 0.63 6.00 0.55 0.74 0.50
RM271(SSR10) 0.92 6.00 0.16 0.12 0.16
RM474(SSR11) 0.50 10.00 0.69 1.00 0.66
RM215(SSR12) 0.75 3.00 0.38 0.50 0.33
RM316(SSR13) 0.89 3.00 0.20 0.22 0.19
RM447(SSR14) 0.95 3.00 0.10 0.11 0.10
RM43 (SSR15) 0.97 3.00 0.06 0.06 0.06
RM118(SSR16) 0.92 3.00 0.16 0.17 0.15
Mean 0.76 5.25 0.37 0.47 0.35

PIC: Polymorphic information content
The mean PIC value for all markers used was 0.35 and ranged between 0.06 and 0.66 in loci RM43

and RM474, respectively. Gene diversity ranged from 0.06 in RM43 to 0.69 in RM11 with a mean
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of 0.37. Generally, the allele frequency of all the markers was below 0.95 indicating that they were

all polymorphic in character (Table 4.4).

4.7.1 Diversity based on SSR markers in rice varieties using the dendrogram

A dendrogram was constructed to ascertain the genetic diversity and relatedness among fortyeight
(48) rice genotypes based on SSR analysis using the unweighted pair group method with arithmetic
means (UPGMA). The dendrogram indicated similarity values ranging from 1.00 to 0.72 with
eleven main clusters: I, 11, 111, 1V, V, VI, VII, VIII, IX, X and XI at similarity coefficients of 90%.
The highest genetic distance was found between the accessions, ACSS37 and ACSS1. These
accessions had the first and last positions of the dendrogram respectively. Cluster X was the largest
of all the clusters and it contained 19 accessions with four sub-clusters. Clusters VIl and V11 were
the second largest clusters with 7 accessions each. Cluster V11 had three sub-clusters while cluster
VI comprised of four sub-clusters. Clusters | to V contained 1 accession each, and cluser VI had
5 accessions with three sub -clusters. Cluster I)X comprised of 2 accessions and was sub divided
into two sub-clusters. The accessions 17, 9, 47, 8, 6, 44, 40, 26, 22, 21, 19, 18, 39, 15, 14, 42, 13,

10, 7, 4, 3 and 2 were very similar with 100% similarity coefficient.
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5.0 DISCUSSION
Information on genetic diversity and relatedness in crop germplasm is useful for plant breeders
because it assists them in planning crosses (Venter et al., 2001). Such information could be used
to design strategies to improve traits, maintain and manage germplasm in Genetic Resource
Centres, or enhance the genetic base of future varieties. Hence, to effectively maintain, evaluate
and utilize germplasm, it is important to investigate the extent of available diversity. In the present
study, a set of rice genotypes from Liberia and Ghana were subjected to diversity analysis based

on variation in morpho-phenological traits and SSR molecular profiles.

5.1 Qualitative Characters

Qualitative traits are important parameters for plant description and evaluation, and are greatly
influenced by the consumers’ preference. Charts showing distribution for ten qualitative traits are
displayed in Figure 4.1 to Figure 4.10. For leaf blade intensity of green color, it was observed that
a significant portion of 47 accessions were medium and 1 accession was dark. For leaf blade
attitude angle of the penultimate leaf prior to heading, erect type was in 17 accessions, horizontal
type was in 10 accessions and the drooping type in 21 accessions. Breeding for erect leaf angle has
been suggested as a method of increasing grain yield in cereal crops (Mwangi et al., 2013). There
are great possibilities of increasing light penetration into crop canopy, which is one of the ways of
obtaining higher grain yield. Duncan (1971) demonstrated that increased penetration of light into
canopy would increase photosynthetic rate and perhaps enhance grain yield. Also, Chang and

Tagumpay (1970) found erect leaf angle was associated with high yield in rice (Oryza sativa L).

Some variations existed among the accessions with respect to some qualitative data; notably, leaf

blade; distribution of anthocyanin coloration (DAC), pubescence of blade surface (PBS) and leaf

84



(shape of ligule (SL). Fischer (1998) reported that Jasmine 85 has pubescent leaves, with no
anthocyanin colouration and light brown pericarp; also the variety is aromatic. With respect to
pericarp colouration, all the seeds match a true Jasmine 85 variety. Studies carried by Bisne and
Sarawgi (2008) to characterize 32 aromatic rice accessions of Badshah Bhog group from IGKV,
Raipur, Chhattisgarh germplasm, found the highest variation among accessions for the traits leaf

blade colour, lemma and palea colour, apiculus colour, and lemma and palea pubescence.

With regards to the culm (DABI), the flag leaf, leaf (LOB; LOL; WOB), panicle (PNPP; LOMA),
awn length, and grain (WOFDG), significant differences existed among seeds for the various
accessions. There is a variation of the characteristics among the accessions. Ideally, a single variety
from different sources should not vary (Daniel et al., 2014). These variations affect grower or seed

dealer satisfaction.

For plant height, the study recorded a range from 66.0-187.5 cm and this was contrary to what
IRRI (1998) reported for an intermediate height (110 cm) for Jasmine 85. According to (Butler et

al., 2005), intermediate plants have heights ranging from 75 cm to 160 cm.

Grain size and shape are among the first rice quality criteria that breeders consider when
developing new varieties, because preferences for grain size and shape vary from one group to
another (Senqupta et al., 2006). Rice grain quality depends on physicochemical properties which
are greatly influenced by genotype of the plant (Kishine et al., 2008). In this study, the grain length

and width were different for all the rice accessions studied.
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5.2 Flag Leaf (Attitude of Blade)

Leaf angle is measured near the collar as the angle of attachment between the flag leaf blade and
the main panicle axis. Flag leaf angle is believed to influence the degree of light saturation of the
upper leaves of rice crop (Yoshida, 1981). Its distribution had 14 accessions with erect, 20
accessions semi-erect, 3 accessions descending, 8 accessions horizontal and the flag leaf attitude
of blade was absent in 1 accession. Mwangi et al. (1988) did observe differences in the flag leaf
angle, varying from erect to semi-erect. It is widely established that erect leaves allow the deeper
penetration and more even distribution of light which results in crop photosynthesis (Yoshida,
1981). The crop photosynthesis of an erect-leaved canopy is about 20% higher than that of the
droopy-leaved canopy when the leaf area index is extremely high (Keulen et al., 1989). This model
assumes that all the leaves are uniformly oriented at angles of 0 or 90%ith reSpect to the horizontal
plane. Hence, selection for the ideal ideotype (erect and semi-erect flag leaf) that can intercept light
and has the potential for high grain yield will be effective in the collections.

Breeders can select such ideotypes for further improvement.

5.3 Awning Characteristic

Awning characteristic is another trait recorded among accessions evaluated. Majority of the
accessions had absent of awns color, 20 accessions out of 48 had; gold, red, purple, whitish and
straw revealed 19, 4, 1, 3 and 1 awn color type respectively. Awning is considered a nuisance
during milling by many farmers but it has been reported to play a role in preventing birds from
sucking the milk-stage rice during grain filling. Breeders may therefore select the short-awned

types as a compromise during cultivar development.
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5.4 Plant Height

Analysis of data revealed plant height mean value of 129+1.14cm and a wide range of 66.0-187.5
cm, with coefficient of variation (8.6%). Plant height in rice is complex character and the end
product of several genetically controlled factors called internodes (Cheema et al., 1987). Tall plant
type is very typical of landrace genotypes which exceed in their capacity to support panicle growth
by large stem reserve mobilization. Ali et al. (2008) observed relatively greater range in plant
height than the other characters. The smallest plant height was recorded for accession GH1571cm

and accession GH1550cm recorded the highest value.

A break-through was realized in plant breeding with speedy development of semi dwarf cultivars
with displayed characteristics of lodging resistance and nitrogen responsiveness in erect leaves
pattern. This was why Newmah (2010) confirmed the success of the “Green Revolution” to be

directly related to intensive use of semi dwarf varieties. This was true because the semi dwarf plant
type was extensively utilized in the rice (Oryza sativa) cultivars throughout the world. However,
depending on the part of the world with improvement in farmers’ lives, there is a growing desire
to combine desirable characteristics of tall varieties” with yielding ability and a new type of

architecture: intermediate plant height as stated by Zafar et al. (2004).

5.5 The Culm (DABI)

The culm (DABI) had mean of 7.19 cm and a range of 1.79-13.00 cm was recorded. As a
component of plant height, there were variations in the culm lodging resistance measured, with a
significant portion of the accessions of (17) being strong, 16 intermediate and 15 being weak
(Figure 4.14). It was observed that a significant amount of the accessions possessed green

underlying node colour for the culm while 15 were of light gold type (Figure 4.15). Similarly,
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Oppong-Konadu et al. (2005) reported such short sturdy culms could be exploited for breeding
purposes because they minimize lodging, thus creating little yield or no yield loss with
welldeveloped panicles. These genetic attributes are essential when high yielding varieties for
warm tropical environments where rice yields generally tend to be low due to high temperature

that increases respiratory losses in carbohydrate reserves.

5.6 Grain Length and Grain Width

In breeding applications, according to Yu et al. (2002), grain size is usually evaluated by the grain
weight, which is positively correlated with several characters including grain length, grain width
and grain thickness. It is a major determinant of grain weight, one of the three components (number
of panicles per plant, number of grain per panicle and grain weight of grain yield). The grain length
ranged from 0.96-2.08 cm and width 1.16-3.10 cm (Table 4.2), thus inferring rice accessions were
largely long-grain. Although the preference for rice grain characteristics varies with consumer
groups, long and slender grains are generally preferred and are good valuable attributes that could

be exploited to improve the grain characteristics of local rice accessions (Table 4.2) (Tamu 2015).

Similar variability were reported by Tamu (2015) who studied twelve genotypes of coarse rice to
check their yield performance in Kallar tract and reported highly significant variation for different
traits. This variation in the grain yield might be due to the environment and genetic constitution of
accessions (Jamal et al.2009) or the correlation of grain yield per plant with various yield
contributing characteristics such as; fertility of soil, flag leaf area, number of grains per panicle and
grain weight which showed positive correlations. Similarly, Mirza et al. (1994) reported positive
correlation among number of panicles per plant, panicle length, number of grains per panicle,

100grain weight and grain yield per plant-type. The grain shape character also showed the highest
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variation in studies conducted in Pakistan by Siddiqui et al. (2007). Although this character is
mentioned as qualitative, its evaluation is carried out as a quantitative trait, according to the grain

dimensions.

5.7 Panicle (Attitude of Blade, Main Axis and Secondary Branching)

Panicles are also important parameters for plant description and evaluation, and are greatly
influenced by the consumers’ preference. Thirty-three (68.75%) of accessions showed sparse
secondary branching and 15 (31.25%) secondary branching. Mwangi et al. (2013) found panicle
exsertion a conspicuous character for identification of the rice cultivars. Breeding for erect leaf

angle has been suggested as a method of increasing grain yield in cereal crops.

5.8 Productive Tillers per Plant

Tiller is one of the main attributing plant traits as indicated by Abbasi et al. (1995). Based on
statistical data analyzed, there was high significant difference of P< 0.011. The coefficient of
variation and standard deviation recorded next 42.0% and 3.53 respectively. The accessions had a
great variability with a high range (3-29) for number of productive tillers (Table 4.2). Better
tillering capacity is a desirable feature to upgrade the yield potential of upland varieties. Trials in
Nigeria (Ogata et al.1972) and the Philippines (Jana and De Datta 1971; De Datta and Beachell
1972 generally indicated that when rainfall is plentiful and the soil has good water-retention
capacity, the high-tillering and short-statured varieties definitely respond better to nitrogen and
yield higher than do the taller types (Jana and De Datta 1971; De Datta and Beachell 1972. The
accessions that produced more productive tillers will contribute to increased yield in a breeding

program and could be selected as base genotypes for further improvement.
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5.9 Core Collection

Core collection is important in germplasm characterisation. Accessions selected for this study were
48 in total from Liberia and Ghana. Among the accessions studied, 18 out of the 48 accessions
were distant from the rest, and were selected to constitute a core collection for further
improvement. The concept of a core collection was introduced by Frankel and Brown (1984) and
Brown et al (1989) with the intent of using the core collection to minimize the cost of germplasm

conservation while ensuring maximum genetic diversity.

5.10 Cluster and Principal Component Analysis (PCA)

Hierarchical cluster analysis based on the morphological data grouped the accessions into four
distinct clusters suggesting diversity among the accessions of rice in Ghana and Liberia. The
clustering of accessions from different origin into different clusters suggests diversity of
populations within a geographical origin and similarity of populations beyond geographical limits.
This finding agrees with results of Alemayehu and Becker (2002) and Zada et al. (2013). The
variability among the accessions from diverse origin could be related primarily to their

morphological differences and their uses or selection.

The scattering of genotypes in all quarters in the biplots of the principal components analysis
suggest the high level of genetic diversity in the evaluated genotypes. The biplots also disclosed a
comprehensive understanding of the relationship between accessions and traits evaluated.
Divergence studies of morphological and reproductive traits using principal components analyses
have been reported by different researchers (Balkaya et al., 2005; Warwick et al., 2006; Dawood

et al., 2009; Jatoi et al., 2011; Zada et al., 2013). The levels and patterns of genetic diversity
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observed among accessions of rice in this study provides the basis to identify desirable parents to
create segregating progenies with maximum genetic variability for further selection, conserve
genetic resources of the plant and to introgress desirable genes from diverse germplasm into the

available genetic base (Thompson et al., 1998).

5.11 Evaluation of the SSR Markers in Rice Genotypes using Dendrogram

A greater proportion (96%) of the markers used in this experiment had moderate to high
informativeness for linkage analysis in rice. The informativeness of a locus is based on the
expected values. Locus with expected heterozygosity of 0.5 or less are not very useful for
largescale parentage analysis (Otoo et al., 2009). However, the results observed for heterozygosity
in the experiment were highly informative which denotes that they will be useful in good parentage

analysis derived from the molecular analysis.

CHAPTER SIX
6.0 CONCLUSION AND RECOMMENDATION

6.1 Conclusions

There were significant diversity among the accessions of rice from Ghana and Liberia evaluated.
This should help strengthen the background necessary for the promotion and breeding of improved
varieties of rice. Differences were observed at the morphological and molecular level for the 48
rice accession from both Ghana and Liberia. Though the differences between them are not much,
they are significant. This difference in seeds of the same variety can be explained by several
factors. In breeding it is called genetic evolution. Differences could also be attributed to a mixture

of seeds in the seed industry and also the informal way of sharing seeds. In the seed industry, it is
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the responsibility of seed producers to take measures to ensure the genetic purity of the seed crop.
This often requires cooperation among different companies and growers producing seed of the
same varieties in the same area and coordination of planting location and dates. Among the
accessions studied, 18 out of the 48 accessions were distant from the rest, and were selected to

constitute a core collection for further improvement.

The studies of the forty-eight rice accessions also revealed a significant amount of information for
breeding programmes interventions. Differences among accessions were observed for characters
such as flag leaf angle, awning, leaf blade pubescence and a low variability for leaf patterns, leaf
blade color, panicle type and basal leaf sheath color. These phenotypic traits could be explored for
rice improvement. Majority of the accessions classified were associated with the dark green and
erect leaf pattern with sturdy stems and the rest were pale green with droopy leaf pattern and weak
stems. Based on the “plant type” concept, the latter group will be low nitrogen responders and will
require improvements. Cluster analysis performed established accessions with regard to N
response based on their morpho-agronomic characteristics. Regardless of the accessions response
to N uptake, there were variations in their grain yield and grain characteristics. Additionally,
variation in the grain length and width did exist as shown in their values obtained. The long grain

and translucent types could be used in quality grain development.

6.2 Recommendations
To obtain enough information on the 48 accessions studied from Liberia and Ghana, | recommend

for further evaluation of the morphological characterization at field level.
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Based on the groupings from the dendrogram, accessions should be selected from each of the

groups for molecular studies to gather additional information on their distinctiveness as expressed

in the analysis. The accessions should be analyzed for their phybgenetic relationship and variation

based on molecular markers, to complement the morpho-agronomic findings.

To obtain complete information on the genetic diversity of Liberian and Ghanaian rice accessions,
future studies should employ high number of S SR loci covering all the 12 chromosomes in rice.
Moreover, biochemical characterization such as mineral and protein analysis should also be

included.

In comparison with previous studies on landraces, the diversity revealed in this study is narrow. It
is, therefore, recommended that rice breeding programs in Liberia and Ghana should include new
genetically unrelated genotypes in order to broaden the genetic base of Liberian and Ghanaian rice

germplasm.
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APPENDICES

Appendix I: Accessions of rice, their sources and collection countries

AC | NAME SOURCE
C
NO
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LAC 23-1

AFRICA
RICE /
LIBERIA

LAC 23-2-2

AFRICA
RICE /
LIBERIA

LAC 23-2-3

AFRICA
RICE/
LIBERIA

LAC 23-3

AFRICA
RICE/
LIBERIA

LAC 23-4

AFRICA
RICE /
LIBERIA

LAC 23-5

AFRICA
RICE /
LIBERIA

LAC 23-6

AFRICA
RICE /
LIBERIA

LAC 23-7

AFRICA
RICE /
LIBERIA
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LAC 23-8

AFRICA
RICE /
LIBERIA

10

LAC 23-9

AFRICA
RICE/
LIBERIA
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11 | LAC 23-10 AFRICA
RICE /
LIBERIA

12 | LAC 23-11 AFRICA
RICE /
LIBERIA

13 | LAC 23-12 AFRICA
RICE/
LIBERIA

14 | GH 1510 PGRRI/GHAN
A

15 | GH 1515 PGRRI/GHAN
A

16 | GH 1518 PGRRI/GHAN
A

17 | GH 2204 PGRRI/GHAN
A

18 | GH 2193 PGRRI/GHAN
A

19 | GH 1512 PGRRI/GHAN
A

20 | GH 1521 PGRRI/GHAN
A

2 | GH 1534 PGRRI/GHAN

1 A

2 | GH 1538 PGRRI/GHAN

2 A

2 | GH 1526 PGRRI/GHAN

3 A

2 | GH 1528 PGRRI/GHAN

4 A

2 | GH 1536 PGRRI/GHAN

5 A

2 | GH 1594 PGRRI/GHAN

7 A

2| GH?2144 PGRRI/GHAN

8 A

2 | GH 1593 PGRRI/GHAN

9 A

3 | GH1588 PGRRI/GHAN

1 A
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3| GH 1587 PGRRI/GHAN
2 A
3| GH 1580 PGRRI/GHAN
3 A
3 PGRRI/GHAN
4 A

GH1581
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3| GH 1578 PGRRI/GHAN
5 A
3| GH 1575 PGRRI/GHAN
6 A
3| GH 1572 PGRRI/GHAN
7 A
3| GH 1579 PGRRI/GHAN
8 A
3 | GH 1584 PGRRI/GHAN
9 A
4 | GH 3623 PGRRI/GHAN
0 A
4 | GH 1576 PGRRI/GHAN
1 A
4 | GH 1550 PGRRI/GHAN
2 A
4 | GH 1598 PGRRI/GHAN
3 A
4 | GH 1570 PGRRI/GHAN
4 A
4 | GH 1573 PGRRI/GHAN
7 A
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48 GH 1523 PGRRI/GHANA
49 GH 1549 PGRRI/GHANA
50 GH 1524 PGRRI/GHANA
o1 GH 1540 PGRRI/GHANA
52 GH 1571 PGRRI/GHANA
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Appendix II: Field Layout

Rep I

V 28 V 46 V30 V19
V 45 V40 V 49 V23
V18 V3 M 33 V 31
V1 Va5 Va7 V 44
V6 V15 v 47 V24
V 36 V 852 V38 V12
V2 Ve2l Vie V41
V22 N2 WV 3 V39
V 48 V43 V 50 V17
V42 V29 V38 V 14
V13 V10 25 V 26
V 20 V52 V 34 V7

iy, V4 V 35l V9

Rep 11

v/ V7 V22 V3l
V26 V51 V46 V9

V21 V12 V18 V23
V19 V28 V17 V11
V30 Vi V2 V5

V24 V48 V47 V13
V37 V15 V50 V42
V33 V35 V20 V16
V52 V49 V45 V36
V8 V43 V10 V4

V25 V41 V3 V39
Vo6 V14 V44 V34
V32 V40 V38 V29
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Rep 111

V32 V22 V16 V12
V19 V41 V26 V51
V49 V30 V14 A%

V43 V25 V34 V39
V4 V44 V7 V35
V46 V40 V38 V10
V24 V36 V28 V48
V45 V13 V42 V8

V50 V31 V37 V2

V27 Vo6 V33 V29
Vi V20 V17 V52
V1l V47 V21 V18
V15 V3 /S V23

Appendix [II SOIL ANALYSIS SHEET

SAMPLE ID % Org. | % Org. | % Exchangeable Cations Exch. Acidity AVAIL | pH ECEC
Carbon | Matter | TOTAL | (cmol/kg) (cmol/kg) P

SOIL N K Na Ca Mg Al H* | mg/kg

SOIL 0.80 1.38 0.097 0.53 0.31 4.08 0.60 1.00 0.60 6.49 6.88 7.12







Appendix IV: Rice descriptors used for characterization

Descriptor

Vegetative Stage

Leaf Sheath

Leaf
Attitude

Leaf

Leaf

Leaf

Blade

Descriptor state

Score
Code

Anthocyanin Coloration
Absent

Weak
Medium

Strong

Angle of the penultimate leaf prior to

heading Erect

Horzontal
Drooping

Auricle Color
Absent (No auricle)
Whitish

Yellowish green
Purple

Light purple
Purple lines

Shape of Ligule Absent(no
ligule)
Truncate

Acute
Cleft

Color of ligule
Absent(no ligule)
Whitish

Yellowish green
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~N o w o

11
62
80
81
84

w N - O

11



Purple
Light purple 81

Purple lines 84

130

62
80



Early Reproductive
Flag Leaf Attitude of Blade
Erect
Semi-erect
horizontal

N D W=

Descending
Clum Kneeing ability(Forfloating rice only

Appendix IV continued

Absent 0
Present 1
Clum Habit(Angle)
Erect
Semi-erect
Open
Spreading
Awns Color of awns
Absent 0
Whitish 11
Straw 20
Gold 40
Brown 53
Light green 61
Red 70
Purple 80
Black 100
Awns Distributionof awns
Absent
Tip only
Upper quarter only
Upper half only
Upper three quarters
Whole length
Late Reproductive (Observation)
Flag Leaf Attitude of Blade
Erect 1
Semi-erect 3 horizontal 5 Descending 7
Culm Anthocynin colorationof nodes
Absent 0
Purple 80 Light purple 81
Purple lines 84

~N D W=

B W N~ O
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Culm

Internode anthocynin

Absent
Purple
Purple lines

Appendix IV continued

80
84

Culm

Panicle

Panicle

Panicle

Panicle

Serile

Serile

Short(<1.5mm) 1 medium(1.5-2.5mm) 3 Long(>2.5mm)
Extralong(>=the lemma) 7

Lodging resistance(Culm strength

Very weak
Weak
Intermediate
Strong
Exsertion
Enclosed
Partly exserted
Exserted
Moderately- well exserted
Well exserted
Attitude of main Axis
Upright (erect)
Semi-Upright(semi-erect
Slightly drooping
Stronly drooping
Attitude of branches
Compact
Semi-compact
Open 5 horizontal 7
Drooping
Secondary branches
Absent
Sparse(light)
Dense(heavy)
Clustering
Lemma color
Straw
Gold
Red
Purple

Lemma length
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Asymmetrical 9 Appendix V: ANOVA Tables

Trait: Culm diameter at basal internode_

Source of variation d.f. S.S. m.s. V.I. F pr.
Varieties 48 1045.308 21.777 20.62 <.001
Residual 96 101.368 1.056

Total 144 1146.675

Trait: Flag leaf length

Source of variation d.f. S.S. m.s. V.rI. F pr.
Varieties 48 17878.857 372.476 7340 <.001
Residual 96 487.153 5.075

Total 144  18366.010

Trait: Leaf length of blade

Source of variation d.f. S.S. m.s. V.I. F pr.
Varieties 48 9976.654 207.847 100.61  <.001
Residual 96 198.327 2.066

Total 144  10174.981

Trait: Leaf length of ligule

Source of variation d.f. S.s. m.s. V.I. F pr.
Varieties 48 16.16648 0.33680 11.07 <.001
Residual 96 2.92000 0.03042

Total 144 19.08648

Trait: Leaf width of blade

Source of variation d.f. S.S. m.s. V.rI. F pr.
Varieties 48 6.52271 0.13589 542 <.001
Residual 96 2.40667 0.02507

Total 144 8.92938
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Trait: panicle per plant

Source of variation d.f. S.s. m.s. V.I. F pr.
Varieties 48 3119.444 64.988 53.48 <.001
Residual 96 116.667 1.215

Total 144 3236.110

Trait: Plant Height

Source of variation d.f. S.S. m.s. V.rI. F pr.
Varieties 48 94913.8 2019.4 16.27 <.001
Residual 96 11915.2 1241

Total 144 106829.0

Trait: Awn length

Source of variation d.f. S.S. m.s. V.rI. F pr.
Varieties 48 20291.2 431.7 3.26 <.001
Residual 96 12727.6 132.6

Total 144 33018.8

Trait: Grain Length

Source of variation d.f. S.S. m.s. V.I. F pr.
Varieties 48 7.4175 0.1578 1.27 0.164
Residual 96 11.9549 0.1245

Total 144 19.3724

Trait: Grain width

Source of variation d.f. S.S. m.s. V.rI. F pr.
Varieties 48 14.2508 0.3032 0.73 0.888
Residual 96 40.0969 0.4177

Total 144 54.3477

Trait: 100 grain weight of fully developed grain

Source of variation d.f. s.s. V.I. F pr.
Varieties 48 18.5625 0.3949 248 <.001
m.s.
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Residual 96 15.2765 0.1591
Total 144 33.8390
Trait: Panicle length of the main

axis
Source of variation d.f. S.S. m.s. V.I. F pr.
Varieties 48 1039.14 22.11 2.07 0.001
Residual 96 1023.84 10.66
Total 144 2062.98
Trait: Sterile lemma leaf
Source of variation d.f. S.S. m.s. V.I. F pr.
Varieties 48 119.493 2.542 1.52 0.043
Residual 96 160.667 1.674
Total 144 280.160
Trait: Productive Tiller / plant
Source of variation d.f. S.S. m.s. V.I. F pr.
Varieties 47 1772.22 37.71 e/ 5™ 0.0 T1
Residual 96 2073.33 21.60
Total 143 3845.56
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LIST OF PLATES

M 123 4 5 67 89 10 11 1213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46

Plate 1: Primer RM 125 showing genetic diversity in 48 DNA samples

M 123 4 567 89 10 11 1213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 |
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Plate 2: Primer RM 171 Showing genetic diversity in 48 DNA samples

| M 123 4 5 67 89 10 11 1213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 |

Plate 3: Primer RM 11Showing genetic diversity in 48 DNA samples
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