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ABSTRACT

African nightshade, Solanum nigrum L .is one of the most significant leafy vegetable
rich in nutritional and medicinal value, and can be used to feed people with human
immune deficiency virus, HIV/AIDS in Kenya. There is limited information available
of this species that hinders its sustainable conservation and development. Limited
information on the crop pests and diseases also present major challenges that limit
production of the African nightshade species since farmers are still using farm saved
seed which is a danger of inadvertently spreading quarantine pest and diseases like
Ralstonia solanacearum. The utilization of genetic diversity in breeding programs can
be employed to enhance the development of African nightshade accessions that
exhibit better yield potential for both leaf and fruit production, while also displaying
resistance to various biotic and abiotic challenges. The objective of this study was to
assess the presence of genetic diversity among African nightshade accessions by
conducting morphological and genotypic characterisation. Additionally, the study
aimed to determine the inherent resistance to bacterial wilt caused by Ralstonia
solanacearum by field and greenhouse screening experiments. A total of 30 samples
from three counties Bungoma, Kakamega and Trans Nzoia were evaluated. For
morphological characterization the African nightshade accessions were planted at
Kibabii University farm and scored for several agro morphological characters based
on National Bureau of Plant Genetic Resource NBPGR descriptors on following
qualitative traits; Leaf surface as Glaborous or pubscent, Colour of ripe fruit as
Orange or Dark purple or Black, Stem ridge as Smooth ridges or Dented, Leaf shape
as Lanceolate or Ovate or rhomboid, Leaf margin as Sinuate dented or Entire and
Inflorescence orientation as Simple or Forked the plant type was scored as Semi erect
or erect. Cluster analysis of morphological data was done using PASW Version 20
Statistical software. Results showed that there was phenotypic variation amongst
accessions of African nightshade collected from the three counties since they were
grouped into two major clusters A and B meaning that there is rich diversity both
within and among African nightshade accessions which can be used for the crop
breeding work. Molecular characterization was done using SSR markers on 30
African nightshade accessions. Each of the 6 SSR primers utilized produced a single
polymorphic band. The mean polymorphic information content was 0.5881, with
values ranging from 0.4215 to 0.8212. He=0.9111 is the mean heterozygosity for SSR
markers utilized. The dendrogram indicated that the accessions were categorized into
three primary clusters, each characterized by a high degree of diversity. Furthermore,
it disclosed that the coefficient distance separating the majority of the accessions was
below 79.56. These results indicate that cross-breeding was a possibility among the
accessions; genetic variation between regions was not apparent. Screening of the 30
African nightshade accessions, to Ralstonia solanacearum was done in the screen
house at Masinde Muliro University of science and Technology. Seedlings were
inoculated at four to six leaf stages with 30 ml of 103cfu/ml per seedling in the pot
and disease incidence was recorded. The different accessions of Solanum nigruml,
Solanum villosum L from Trans Nzoia, Bungoma and Kakamega counties were
identified as susceptible. However, improved accessions of Solanum scabrum L
sampled from the African nightshade growing areas in Western Kenya were resistant
to bacterial wilt, the accessions that were found to be susceptible, symptoms appeared
4 days after inoculation, while the accessions that were found to be resistant/ tolerant
no symptoms were observed even after 14 days after inoculation. The resistant
accession of improved variety of Solanum scabrum L can be used in production and
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also breeding programmes for developing new varieties of the African nightshade
crops.
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CHAPTER ONE

INTRODUCTION

1.1 Background

African nightshade (Solanum nigrum L) is an important leafy vegetable in Kenya and
its origin is Eurasia (Jagatheeswari et al., 2013). The crop occupies a significant place
in the economy contributing much to food and nutritional security (Nandhini et al.,

2014) and generating income for small holder farmers in Western Kenya.

Solanum nigrum L is the most diverse plant species within the genus Solanum
(Matasyoh et al., 2015). African nightshade (ANS) is a dicotyledonous crop in the
Solanaceae family. Solanum nigrum complex (African nightshade) comprises of
several species which include S. douglasii, S. Schenopodioides, S. nigrum L. subsp, S.
sarrachoides, S. furcatum, S. nigrum L. subsp. Nigrum, S. retroflexum, S. scabrum, S.
villosum, S. americanum, and S. physalifolium, (Edmond and Chweya, 1997a). The
mainly grown African nightshade species in Kenya include S. villosum, S. scabrum, S.
nigrum, S.americanum, S. sarrachoides and S. physalifolium (Ojiewo et al., 2013b;
Matasyoh and Bosire Na, 2016).

Despite extensive research on African nightshade species, their accurate taxonomic
identification remains unresolved. The observed phenomenon can be attributed to
ongoing inter and intraspecific hybridization, which is a natural occurrence among
African nightshade species, as well as to the presence of inconsistent genetic variation
(Zebish et al., 2016). The taxonomic identification of morphological characteristics
has been complicated by their vulnerability to phenotypic plasticity and the presence

of several ploidy series (Poczai & Hyvonen, 2011). The utilization of distinct local



names by various populations to designate African nightshade species contributes to
further complexity in distinguishing one species from another (Poczai and Hyvonen,
2011; Ojiewo et al., 2013a). Furthermore, it has been observed that certain species are
assigned disparate names, while different species are labeled with identical names,
leading to a perplexing situation in the classification of species (Ojiewo et al., 2013a).
African nightshade has been classified as a weed, resulting in limited research
conducted on the crop and a shortage of experts dedicated to the assessment and
conservation of African nightshade germplasm (Zebish et al., 2016).Consequently, the
scarcity of data has hindered the scientists' ability to cultivate enhanced cultivars.
Understanding the genetic closeness or distance between crops is essential for any
breeding effort, and this can be gleaned from studies of diversity.

On average, one hundred grams of fresh African nightshade leaves contains 1.4 grams
of fiber, 87.2% water, 3,660 micrograms of beta carotene, 20 milligrams of ascorbic
acid, seventy-five milligrams of phosphorus, four hundred and forty-two milligrams
of calcium, and 0.59 milligrams of riboflavin (Ojiewo et al., 2013a; Klocke et al.If
100 grams of the fresh vegetable are ingested, the consumer will receive 100% of the
recommended daily amount for B-carotene, iron, calcium, and ascorbic acid, and 40%
of the recommended daily allowance for protein (Abukutsa et al., 2005). Vitamins A
and C, fat, fiber, and minerals including iron, calcium, and phosphorus can all be
found in high concentrations in the green African nightshade (Zebish et al., 2016).
However, the nutrient composition of African nightshade differs depending on the age
of the plant, the plant type, and the soil fertility of the place where it is produced
(Jagatheeswari et al., 2013).

Earaches, convulsion therapy, pain relief, anti-helminthes, antiseptic, ringworm,

ulcers, blood pressure, and heart disease are only few of the conditions for which



African nightshade has been used medicinally over the world (Jagatheeswari et al.,
2013; Matasyoh and Mwaura, 2014).

Market demand has risen alongside rising consumer awareness of African
nightshade's nutritional and medicinal value (Ojiewo et al., 2013), but supply has
lagged behind due to a lack of new, improved varieties developed by scientists.
African nightshade output must be raised for commercial purposes if it is to increase
to a level that can hope to keep up with market demand.

Ojiewo et al. (2013) list consumer knowledge, human activity, climate change,
disease, and pest as major challenges to African nightshade cultivation. High
production costs and a dearth of disease- and pest-resistant varieties have also
hampered trade (Ojiewo et al., 2013; Schafer et al., 2006).

The sustainable and cost-effective production of nightshade is in jeopardy due to
bacterial wilt (Schafer et al., 2006). This disease is caused by the soil-borne pathogen
Ralstonia solanacearum (Sikoru et al., 2004), which infects the crop through wounds,
cracks, or roots (Pradhanang et al., 2005). The bacterial wilt induces wilting by
impeding the upward movement of water up the plant (Genin, 2010; Kelman, 1954).

As a result, the disease significantly restricts crop yield.

Furthermore, Ralstonia solanacearum exhibits some remarkable characteristics,
including the capacity to persist in soils for extended periods of time and develop
latent infections (Hayward, 1991; Wenneker et al., 1999).Despite being primarily
found in tropical and subtropical regions (Hayward, 1991; Hayward et al., 2015), the
pathogen has also been identified in North America and Europe, where strains tolerant
to frigid temperatures were introduced during the 1990s (Janse et al., 2004; Swanson
et al., 2005). The dissemination of Ralstonia solanacearum poses a threat to

agricultural produce, and the pathogen is classified as a quarantine bacterium.



The crops most significantly impacted from this phenomenon are tobacco, tomato,
and potato, where it can result in crop loss of up to 90% (Mallikarjun et al., 2008),
and eggplant, where it can cause crop loss of up to 70% (Zebish et al., 2016). On

nightshade, however, none have been reported.

The pathogen exhibits long-lasting persistence in soil, plant debris, and water
(Muthoni et al., 2010). Frequently, smallholder farmers lack awareness regarding the
severe nature of the pathogen (Coyne et al. 2006a, 2006b).Additionally, the home
seed selection method does not guarantee clean planting materials. Smallholder
farmers choose seeds that appear healthy to the naked eye but lack confirmation that
they are free from bacterial wilt infection for production. They are unaware of the
severity and prevalence of quarantine bacteria and contagious soil-borne pathogens
(Coyne et al., 2006a, 2006b). As a result, it is challenging for them to comprehend the
true nature of the problem and to devise intervention strategies for the crop.
Therefore, it is necessary to assess the resistance of African nightshade Solanum
nigrum L to Bacterial wilt Ralstonia solanacearum and its genetic diversity in Western

Kenya.



1.2. Statement of the problem

Despite the significance of African nightshade as a nutritous vegetable and having
inherent medicinal value (Nandhini et al., 2014), African nightshade is still neglected,
few farmers are growing it, there is potential reduction of food supply because very
few improved varieties have been released. The reason for the inconsistent findings in
studies on African nightshade is primarily due to the limited scope of genetic diversity
investigations. These studies have been exploited, but the existing information lacks
consistency across different studies. This inconsistency can be attributed to the fact
that certain morphological traits of African nightshade are influenced by
environmental conditions. Consequently, the expression of these traits may vary from
one environment to another (Dhasmana et al., 2007). The African nightshade complex
comprises various species. However, due to the ploidy levels that differ among these
species and the similarity of morphological traits among them resulting from their
nearly identical genomes, numerous researchers have a tendency to classify these
species as S. nigrum L. (Nandhini and Paramaguru, 2013).Although consumers are
capable of distinguishing various Solanum nigrum varieties, this does not imply the
presence of diversity. Despite farmers' diligent efforts to enhance production levels in
response to the escalating demand for African nightshade, they encounter a primary
obstacle in the form of limited availability of disease and pest-resistant varieties
(Ojiewo et al., 2013) and substandard seed. Consequently, they are compelled to reuse
saved seed, inadvertently facilitating the transmission of the quarantine bacterium, a
soil-borne pathogen that inflicts severe damage on African nightshade plants (Coyne
et al., 2006a, 2006b; Muthoni et al., 2010).Hence, in order to cater to the preferences
of consumers, it is imperative to develop additional enhanced varieties that are

resistant to diseases and pests, as well as resilient to the impacts of climate change.



1.3. General Research objective

The general objective of the study was to Reverage the importance of African
nightshade Solanum nigrum L and the effect of bacterial wilt Ralstonia
solanacearum which is rampart in Western Kenya for the purpose of future

improvement.

1.3.1. Specific objectives

The specific objectives of the study were to:

I.  Determine morphological characteristics of African nightshade accessions.
II.  Determine molecular characteristics of African nightshade accessions using
Simple Sequence Repeats markers.

III.  Assess resistance of African nightshade accessions to bacterial wilt

1.3.2 Hypothesis
Hoi: There are no phenotypic variations among African nightshade accessions grown

in Western Kenya.

Ho2: There are no genetic variations among African nightshade accessions grown in

Western Kenya.

Hos: There is no resistance to bacterial wilt among African nightshade accessions

grown in Western Kenya



1.4. Justification and significance

African nightshade types grown exhibit diverse characteristics with varied farmer
preferences. Diversity studies provide information for the improvement of improved
high yielding varieties to meet the increasing demand (Bhat and Kudesia, 2011), also
for the management of effective conservation program and utilization of available
germplasm (Nandhini et al., 2014).

The production of African nightshade is threatened by bacterial wilt (Schafer et al.,
2006), caused by Ralstonia solanacearum, it is a soil borne disease (Sikoru et al.,
2004). Bacterial wilt (Ralstonia solanacearum) infects the susceptible crop
(Pradhanang et al., 2005) through roots, clogging the xylem vessels (Genin, 2010),
and spreads rapidly to aerial parts of the plant through the vascular system where its
high level of increase leads to wilting symptoms and, eventually, plant succumbs
(Kelman, 1954).

The greatest economic loss due to Ralstonia solanacearum has been reported on
tobacco, tomato and potatoes sharing family tree solanacae on which it causes up to
90% crop loss (Mallikarjun et al., 2008), none has been reported on African
nightshade. The lethality of Ralstonia solanacearum is enhanced by its ability to
survive in the soil and water for several years (Mallikarjun et al., 2018; Muthoni et
al., 2010) thus difficult to control once it establishes itself in the field.

Small holder farmers are often unaware of the severity of this economically
significant disease of solanaceous vegetables (Coyne et al., 2006a, 2006b) which is
yield limiting disease thus difficult to understand the real problem and hard to plan

strategies for intervention.



To sustain high yields, there is need to determine genetic diversity of African
nightshade and develop resistant varieties to disease of quarantine importance such as
Ralstonia solanacearum.

Findings from this study will add to the academic body. It will also elicit discussions
on new areas of research to evaluation of genetic diversity of African nightshade and
the development of consumer preferred disease resistant varicties of African
nightshade to bacterial wilt for purpose of commercialisation of the crop and will help

address food and nutrition security.

1.5 Scope of the study

The study covered the three regions (Bungoma, Kakamega, and Trans Nzoia) in
Western Kenya. The study area was purposely selected due to high production and
consumption of African nightshade. The study was limited to African nightshade
growing farmers (farms). Genetic Diversity study and screening of Ralstonia
solanacearum was limited to only African nightshade accessions collected from
Bungoma, Kakamega and Trans NzoiaAfrican nightshade growing regions in Western

Kenya.



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

This chapter critically reviewed related literature organized according to the study
objectives. The review was on the concept of different approaches and methods of
assessing diversity studies of African nightshade and evaluation of resistance of

African nightshade and to related crops against bacterial wilt.

2.2 Description of African nightshade species

The section Solanum contains a variety of taxa that comprise African nightshades
(Shackleton et al., 2009). In sub-Saharan Africa, nightshades of African origin are
predominantly utilized as leafy vegetables (Ojiewo et al., 2013; Binaryuy et al., 2002;
Chweya and Eyaguirre, 1999; Edmonds and Chweya, 1997). Additionally, they
possess medicinal properties (Schippers, 2000).Despite substantial variation, only the
utilization of minor species is widely recognized.

Solanum scabrum, S. villosum, S. americanum, S. sarrachodes, and S. retroflexum are
the most commonly cultivated species for vegetable production (Mwai et al., 2007;
Ojiewo et al., 2013). Certain species have a restricted distribution, while the majority
are found in diverse geographic regions (Maundu et al., 2009). African nightshade
species were historically preserved and employed by farmers for cultivation purposes
in gardens or for harvesting from the wild (Dinssa et al., 2014).

Due to the subsistence level of production, the area dedicated to cultivation remains
modest (Tuwei et al., 2013). Based on empirical evidence, African nightshades are
abundant in micronutrients (Kamga et al., 2013; Luoh et al., 2014), straightforward to
cultivate, and thus possess the capacity to provide rural impoverished communities
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with nutritional security and a means of subsistence. The recognition of its elevated
nutrient content has resulted in a surge in consumer demand surpassing production
capacity.

In Western Kenya, low yields may be the result of environmental factors, pests and
diseases, and ineffective agronomic practices. Nonetheless, infection with the soil-
borne pathogen Ralstonia solanacearum, a quarantine bacterium (Dinssa et al., 2013),
and the lack of information regarding the taxonomy of the species, which has resulted
in breeders releasing few consumer-preferred varieties, remain the primary obstacles
to production. Certain scientists have employed common pinpointing characteristics
to classify the species comprising section Solanum; however, these characteristics
vary considerably, with some species within the section exhibiting variable
morphology.

2.3 Taxonomy of species of African nightshade

Genetic diversity is the result of genetic variations occurring both within cultivars of a
given species and between species. Certain species may exhibit morphological
similarity, which could potentially lead to taxonomic confusion.

Despite the fact that African nightshade are morphologically similar, they differ
genetically and that is why african nightshade has been disclosed to be rich in genetic
diversity (Ojiewo et al., 2013 a). Diverse species exhibit morphological variation with
regard to, among other things, pubescence, stem color, inflorescent orientation, plant
growth behaviors, leaf shape, and stem ridging.

Varieties of African nightshade thrive in a wide range of environmental conditions,
which explains their global distribution. They thrive at mild, high-moisture conditions
at medium to high altitudes, with temperature ranges of 15-30°C for germination and

20-30°C for growth, and require an annual precipitation of 500-1200mm. (Ojiewo et

10



al., 2013) found that African nightshade genotypes with broad leaves are more
susceptible to water stress than those with narrow foliage.

It is postulated that various species of African nightshade originate from disparate
global regions. South America is considered to be the origin of diploid species such as
S. americanum and S. sarrachoide, whereas Africa, Europe, and Asia are considered
to be the birthplaces of tetraploid species S. villosum and S. retroflexum, and
hexaploid species S. nigrum and S. scabrum, respectively. It is hypothesized that the
hexaploid species of African nightshade resulted from the hybridization of the diploid
Solanum americanum and the tetraploid Solanum villosum Mill (Edmond and
Chweya, 1997).A genetic evaluation was conducted on thirty accessions of African
nightshade that were collected in Western Kenya in order to ascertain their

morphological and genetic distinctions as well as similarities.

2.4 Production, utilization and marketing of African nightshade in Kenya.

Kenya is confronted with significant food insecurity, as 56% of its population lives
below the poverty line.A significant proportion (50%) of the Kenyan populace faces
food insecurity due to factors such as protracted drought, extreme poverty, and rapid
population growth (FAO, 17). Consequently, an excessive dependence on
inadequately nourishing diets has ensued, resulting in infant mortality and
malnutrition in rural and semi-urban regions. Enhancing food security and promoting
appropriate nutrition in developing nations can be accomplished by increasing the
production, awareness, and utilization of nutrient-dense indigenous leafy vegetables

like African nightshade (Oniang'o et al., 2005; Ondieki et al., 2011).
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Kenya has cultivated African nightshade for several centuries; it is one of numerous
indigenous leafy vegetables that Kenyan producers from numerous communities
continue to cultivate (Ondieki et al., 2011). The African nightshade is a native leafy
vegetable that is widely consumed and predominantly available in the country.
Kenyan producers produce yields ranging from 1.5 to 3 tons per hectare (Ojiewo et
al., 2013). Leaf expansion is impeded by early flowering and excessive fruiting,
which ultimately leads to reduced harvests. In Eastern Africa, there is evidence of a
greater preference for indigenous vegetables over exotic ones. This preference can be
attributed to the fact that indigenous vegetables require less labor to cultivate and are
economically viable for rural households with limited financial resources (Ojiewo et
al., 2013).

Varieties of African nightshade vegetables differ with regard to leaf yield, nutritional
value, and growth pattern. S. solanum, S. scabrum, and S. sarrachoides are the typical
species cultivated in Kenya. Solanum villosum subsp. Villosum is a species of S.
villosum characterized by dentate leaf margins and orange-colored mature berries;
similarly, Solanum villosum Miller subsp. Miniatum has entire, sinuate, sinuate-
dented, or dentate leaf margins; and orange-colored mature berries. Solanum scabrum
Miller is distinguished by mature berries that are dark purplish black and have entire
to sinuate leaf margins. In contrast, Solanum sarrachoides produces mature berries
that are light green in color and has dentate leaf margins that are densely pubescent

with distinctly lobed leaf margins (Ashilenje et al., 2012).

The broad leafed African nightshade cultivar (Solanum scabrum) is a prevalent and
auspicious species of African nightshade in Kenya. It is distinguished from others by

its substantial purple berries and its wide leaves. Although its leaf size and plant
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height vary, its leaf production remains superior to that of narrow leafed species such
as Solanum villosum and Solanum eldoretianum. Solanum scabrum, as documented
by Abukutsa et al. (2005), is a widely utilized and distributed species of African

nightshade within the nation.

African nightshade is frequently cultivated in household gardens in Kenya, frequently
accompanied by cereals, vegetables, or grains such as maize, sorghum, or millet.
Particularly in urban areas, African nightshades are in high demand, and the supply is
insufficient to meet that demand. According to a study conducted at the Kakamega
municipal market, African nightshade ranked third in terms of quantities sold and was
one of the ten most frequently consumed vegetables (Abukutsa et al., 2005).

Funding for research and heightened awareness regarding the significance of African
indigenous vegetables, such as African nightshade, contributed to a tenfold increase in
their production in the peri-urban regions of Nairobi between 1997 and 2007. As a
result, farmers in these areas experienced a $200 annual net income surge
(Biodiversity 2013). The annual leaf utilization of African indigenous vegetables in
Nairobi was assessed at 31 tons in 2003, with a corresponding value of USD 6000.
This figure has exhibited a consistent upward trend, reaching 600 tons in 2006 at a

cost of USD 142,000 (Opiyo et al., 2015).

African nightshade production encounters significant obstacles, including neglect and
stigmatization. This is primarily due to the perception that indigenous vegetables,
which occasionally occur naturally, were antiquated and deemed the diet of the poor.
In addition to being considered weeds, which impoverished individuals in rural

regions gather for nutritional purposes (Mwangi and Kimathi, 2006), they are also
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susceptible to pests and diseases, most notably the quarantine-destroying pest
Ralstonia solanacearum. The aforementioned limitations have led to suboptimal
vegetable yields ranging from one to three tons per hectare, which is significantly
lower than the optimal yield range of twenty to forty tons per hectare (Abukutsa et al.,
2005; Mwangi and Kimathi, 2006).Farmers continue to utilize conserved seed without
being informed of the dissemination of the quarantine bacterium, a highly destructive

soil-borne pathogen that significantly reduces crop yield.

2.5 Characterization of the African nightshade

Genetic diversity denotes the equilibrium between the loss and gain of genetic
variation and is a quantitative measure of the variation within a population (Carvalho
et al., 2019). Indirectly or directly, biodiversity erosion results in the extinction of
plant species. The absence of diversity hinders breeders from creating novel cultivars
that satisfy the preferences of consumers.

Biochemical characterization, molecular marker analysis, and morphological
examination are methods utilized to ascertain genetic diversity both within and
between plant populations (Govindaraj et al., 2015).

Diversity assessment through the utilization of morphological markers is predicated
upon visual characteristics such as fruit color, leaf shape, development pattern, and
flower hue, among others. While this method does not necessitate advanced

technology, it does demand expansive land areas for experimental purposes.

A molecular marker is a quantifiable and trackable genetic locus that is typically
linked to a specific trait of interest within a population (Hayward et al., 2015). These
markers are capable of identifying variations in chromosomes caused by deletions,

duplications, insertions, or inversions. Typically, they are situated in close proximity
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to or interconnected with the genes that regulate the trait in question; the markers
themselves do not exert any influence on the trait's phenotype.

Restriction Fragment Length Polymorphism (RFLP), Amplified Fragment Length
Polymorphism (AFLP), Simple Sequence Repeats (SSR) (Jonah et al., 2011), and
Start codon targeted (SCoT) markers are a few of the molecular markers used to
investigate genetic diversity in plants (Satya et al., 2016). The current investigation
employed six SSR primers to assess the quality of African nightshade accessions

obtained from three distinct localities in Western Kenya.

2.6. Genetic diversity of African nightshade in Kenya

The presence of variation among African nightshade species discovered in Kenya has
been documented (Matasyoh et al., 2015). Previous research has demonstrated the
presence of genetic diversity among African nightshade cultivars, both within and
between species. For instance, Manoko et al. (2007) identified genetic variation
among cultivars of S. scabrum and S. nigrum. However, there is a lack of studies that
have specifically examined the genetic makeup of African nightshade species

cultivated in Western Kenya.

2.7. Measuring diversity in African nightshade.

The examination of diversity is crucial in plant breeding because it provides the data
necessary for the identification of desirable parental lines to cross in order to produce
hybrids that produce higher yields than the parents. This process involves
morphological and genetic characterization of existing cultivars (Matta et al., 2015).
An increase in hybrid vigor observed in the offspring is proportional to the genetic

distance between parental lines and genetic diversity (Khodadadi et al., 2011).
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Hierarchical cluster analysis and multidimensional clustering based on principal
component analysis, principal coordinate analysis (PCoA), and principal coordinate
analysis (PCoA) are techniques used to quantify genetic diversity. Prior to calculating
genetic distance, variable standardization is necessary; nevertheless, it diminishes the
disparities between groups; consequently, the outcomes of principal component
analysis and hierarchical cluster analysis may differ; thus, principle component
analysis may be omitted when employing hierarchical cluster analysis (Khodadadi et

al., 2011).

In the context of assessing hierarchical relationships and measuring genetic diversity,
cluster analysis is generally favored over principal component analysis (Ravishanker
et al., 2013). Utilizing descriptors, hierarchical analysis illustrates the relationship
between or within genotypes; the outcomes are typically depicted in the form of a
dendrogram, which further illustrates the genetic interaction within the clusters.
Molecular, biochemical, pedigree, and morphological markers can all be employed to

evaluate genetic diversity (Osawaru et al., 2015).

Morphological characterization is more labor-intensive than molecular
characterization due to the need for a substantial area of land to conduct field
experiments, despite the fact that it is more cost-effective. Morphological
characteristics are typically susceptible to environmental influences, which
consequently impact the genetic diversity under assessment. Biochemical analysis is a
technique that separates proteins into distinct banding patterns using minute quantities

of biological reagents. Nevertheless, a significant drawback of this method is the
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restricted availability of enzymes, which significantly limits the observed diversity
(Singh et al., 2011).

Morphological characterization permits comprehensive physical sampling and the use
of large samples; however, due to their susceptibility to interference, these traits do
not provide genetic information regarding a specific genotype nor do they quantify the
precise genetic diversity present. In contrast to morphological characteristics,
molecular markers offer a precise assessment of genetic diversity due to their
immunity to environmental perturbations.

Molecular analysis involves the utilization of diverse DNA markers to evaluate
genetic variation, thereby rectifying the errors that may occur during phenotypic
characterization (Mondini et al., 2009). The correlation between molecular markers
and the phenotypic manifestation of a genomic trait can vary. Molecular markers
provide more accurate results than morphological characterization due to their
stability and presence across all tissues, irrespective of cellular growth,
differentiation, development, or defense status. Furthermore, these markers remain
unaffected by environmental factors, pleiotropic influences, and epistatic effects
(Mondini et al., 2009).

Historically, genetic diversity has been determined through phenotypic
characterization; it remains an essential component in the evaluation and analysis of
germplasm.

Additionally, molecular markers provide an enormous number of characters for
analysis, enabling the differentiation of cultivars that were previously considered
morphologically similar phenotypically. However, the high cost of molecular markers
restricts the sample size that can be utilized for analysis (Ojiewo et al., 2013). By

integrating molecular and morphological techniques for characterization, high-

17



resolution genetic diversity studies are possible (Tumbilen et al., 2011; Omondi et al.,
2016). The current investigation employed cluster and hierarchical analysis
techniques to assess the molecular and morphological diversity of accessions of

African nightshade procured from Western Kenya.

2.8. Bacterial Wilt disease

Bacterial wilt, which is predominantly found in solanaceous cereals, is a soil-borne
disease caused by Ralstonia solanacearum (Sikoru et al., 2004).As a quarantine
bacterium, Ralstonia solanacearum is recognized for its ability to infect more than two
hundred plant species and induce substantial agricultural setbacks, particularly in
economically valuable solanaceous commodities. Except for Antarctica, it has been
discovered on every continent (Swanson et al., 2005, 2007). Genetic diversity
characterizes R. solanacearum, which comprises five distinct races, four phylotypes,
and five biovars. Virulence, symptom manifestation, and host range vary among
races, whereas biovars are distinguished by their distinct biochemical capabilities to
oxidize a variety of disaccharides and hexose alcohols. In addition to racial and biovar
variations, R. solanacearum can be subdivided into phylotypes. Race 1 R.
solanacearum biovar 1 is a prevalent and widespread parasite in the southern region of

the United States.

Ralstonia solanacearum poses a significant obstacle to the successful cultivation of
these particular commodities in both tropical and temperate climates. The most
significant financial setbacks have been attributed to tobacco, tomatoes, and potatoes,
which Mallikarjun et al. (2008) estimate can result in a 90% reduction in crop yield.

In most instances, the presence of root nematodes in conjunction with the pathogen R.
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solanacearum exacerbates the severity of the disease (Deberdt et al., 1999). According
to Chen (1984), nematode infestation in tobacco can lead to physiological changes
that render the plant vulnerable to bacterial wilt. This phenomenon has also been

documented in the case of Solanum nigrum.

2.8.1 Biology and Ecology

Gram-negative soil and waterborne pathogen R. solanacearum R3 Bvr2 (Wenneker et
al., 1999; Swanson et al., 2007; Marco-Noales et al., 2008). Resistance to R.
solanacearum has been observed in non-hosts, the rhizosphere, infected plant detritus,
and the roots of hosts (Wenneker et al., 1999; Janse et al., 2004). Yeast extract-
peptone-glucose agar (YPGA), non-selective media including triphenyl tetrazolium
chloride (TTC/TZC) agar and casamino acid peptone glucose (CPG), or semi-
selective media (SMSA) are common media used to cultivate the bacterium. SMSA is
maintained at temperatures ranging from 28°C to 29°C (82.4°F to 84.2°F) (Cook and
Sequeria, 1991; Caruso et al., 2003; Ozakman and Schaad, 2003; Marco-Noales et al.,

2008).

Due to its ability to persist for extended periods of time in soil and water, R.
solanacearum R3 Bvr2 is capable of infecting its host through a variety of
mechanisms. By penetrating the plant's xylem tissue via incisions, the pathogen can
cause colonization, wilting, and eventual demise (Milling et al., 2009). Young root
filaments are another means by which R. solanacearum can infiltrate the plant
(Swanson et al., 2007). Bacteria are discharged into the environment during the
decomposition of infected plants; this can also transpire via plant lesions, where

bacteria generate a "matrix of protective polysaccharides" that facilitates their survival
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(Van Elsas et al, 2000). Upon being discharged, irrigation water can readily

disseminate millions of bacterial cells (Swanson et al., 2007).

Additionally, Ralstonia solanacearum R3 Bvr2 is colder tolerant than the
native/endemic species of the United States, race 1 biovar 1 (R1 Bvrl). R3 Bvr2 is a
highly dangerous pathogen in regions that cultivate solanaceous commodities (tomato,
potato, etc.) due to its resistance to cold. R. solanacearum R1 Bvrl is predominantly
observed in temperate regions of the Southern United States; however, R3 Bvr2 might
have the potential to persist both above and below the mid-Atlantic line. R.
solanacearum R3 Bvr2 has the ability to endure winter temperatures as low as 4°C

(39.2°F) in dormant soils in Australia (Milling et al., 2009).

According to Swanson et al. (2005), this pathogen has the ability to remain undetected
in latent hosts or symptomless hosts that do not exhibit symptoms when exposed to
unfavorable environmental conditions. This attribute may pose challenges in
conducting comprehensive surveys for this parasite. Subsequent to the removal of
contaminated crops, this pathogen has been observed to persist for a duration of up to
two years in deep soil in Australia, Kenya, Sweden, and the United Kingdom, all of
which have moderate environmental conditions (Wenneker et al., 1999; Van Elsas et
al., 2000). Regarding host resistance, little is known. Gorissen et al. (2004) discovered
that the survival and population size of R. solanacearum R3 Bvr2 in soil can be

diminished through the use of solarization and swine waste.
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2.8.2 Symptoms and Signs
Wilted leaves are usually the first symptom observed followed by chlorosis and plant

death (Champoiseau et al., 2009).

2.9 Bacterial wilt (Ralstoniasolanacearum) disease management

Once R. solanacearum has infiltrated the soil, it is difficult to control it (Jones, 2008).
This is true for a wide variety of solanaceous commodities, including potatoes,
eggplants, tomatoes, and weeds like Jimson weed (Datura spp.). (Smith et al., 1995)
State that the incidence of this disease can be substantially diminished through the use

of resistant cultivars and crop rotation every 5 to 7 years.

It has been demonstrated that crop rotation can reduce the incidence of diseases;
however, this management technique remains inconsequential due to the pathogen's
ability to infect volunteer crops in the solanaceae family and Jimson weed (Datura
spp.), which renders it problematical (Fajinmi et al., 2010). Weed management, when
combined with crop rotation, has the potential to significantly decrease the occurrence

of diseases (Allen et al., 2005).

The spread of the disease can be prevented by planting certified disease-free seedlings
from registered propagators, disinfecting equipment after working in a field,
employing controlled flood irrigation, and avoiding overhead irrigation on

solanaceous crops (McCarter, 1991).

Chemical control of bacteria presents a formidable obstacle due to the pathogen's
ability to persist in the soil and its location within the xylem.The bacterial wilt disease
is not amenable to any known chemical control (Hartman et al., 1994), and bacterial

control with chemicals is also challenging (Grimault et al., 1994).
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2.10 Host resistance

Due to the character of the pathogen and the lack of resistance in solanaceous crops, it
has been difficult to implement host plant resistance as a field control measure for
Ralstonia solanacearum. The emergence of tobacco genotypes with hypersensitive
responses, which are indicative of gene-for-gene interaction genes, has been
facilitated by the existence of a significant resistance gene (Robertson et al., 2004).
Nevertheless, the existence of a comparable significant resistance gene in Solanum
nigrum C remains unknown, and plant scientists remain perplexed by the wide range

of variants exhibited by this pathogen.

The wide diversity of pathogenic Ralstonia strains has resulted in the emergence of
resistant strains that exhibit efficacy in specific growing regions while remaining

ineffective in others (Scott et al., 2005).

Initial investigations into the physiological processes underlying bacterial wilt
resistance in the Solanaceae family postulated that genotypes resistant to the host
restrict the migration of bacteria from the soil environment to the collar and mid-stem.
While host resistance is a cost-effective control method, developing cultivars that
exhibit resistance in different geographical areas can be difficult (Abedayo et al.,
2009). Resistance of the crop is frequently surmounted by the pathogen's genetic
diversity and environmental interactions influenced by genotype (Nguyen and

Ranamukhaarachchi, 2010).

Integrated management of bacterial wilt disease includes host resistance as an
efficient and effective component; certain tomato cultivars offer moderate resistance

to bacterial disease (Peregrine, 1982). It has been reported that resistant varieties are
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the most practical and effective method for preventing bacterial wilt (Black et al.,
2003; Grimault et al., 1994). The extensive host range of the diverse species group
Ralstonia solanacearum (Kelman et al., 1961) presents a challenge in the development
of resistant breeding techniques. Resistance to Ralstonia solanacearum in certain
solanaceous cultivars, including tomato genotypes, has been documented (Gomes et
al., 1998). However, there is a lack of research examining resistance in African

nightshade.

The selection of resistant material may be influenced by factors such as the strain type
of Ralstonia solanacearum, the genetic variability of the plant, and the reproducibility
of the inoculation technique (Prior et al., 1990a). Some cultivars of Solanum spp. that
are resistant to Ralstonia solanacearum were developed at the Asian Vegetable
Research and Development Center. Nonetheless, their resistance is limited to specific
factors such as soil characteristics, climate, locations, and strains of the pathogen
(AVRDC, 2003). Certain tomato varieties have been bred to exhibit notable resistance
to particular environments (Gomes et al., 1998). However, stability in lowland tropics
and regions characterized by high temperatures and humidity is often unattainable due
to the deterioration of resistance that occurs during variety transfer (Hayward et al.,
1991; Hanson et al., 1996). There have been no investigations conducted on African
nightshade species pertaining to the development of substantial levels of resistance in

specific environments.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Introduction
This chapter outlines the materials and methods adopted for this study. It outlines the
study area, research design and describes the data collection methods and statistical

analyses methods.

3.2 The Study area
The study was carried out in Bungoma, Kakamega and Trans Nzoia counties of

Western Kenya.

3.2.1 Bungoma county

The geographical coordinates of the county are longitude 33058 east and 34033’
west, latitude 0026’ to 0°18’ north, and elevations 1384—-2100 meters above sea level
(GOK, 2013). The region experiences a bimodal precipitation pattern, consisting of
heavy downpours from March to June/July and light precipitation from September to
November; the annual total precipitation ranges from 1500mm to 2400mm (GOK,
2014). The ambient temperature is 20—32°C. The region's subsurface soils vary in
texture from friable loamy clays to sandy clays. The county cultivates a variety of
common food commodities, including cassava, cassava, maize, common beans,

bananas, sweet potatoes, and even vegetables like African nightshade (GOK, 2014).

3.2.2 Kakamega County

Kakamega County is situated within the geographical coordinates of 34° and 35° east
longitude and 0° and 1° north latitude, as well as an elevation ranging from 1,250 to

2,000 meters above sea level (Barasa et al., 2015a and b). The region experiences a
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generally hot and humid environment during the majority of the year, characterized
by an average annual precipitation ranging between 1,800 and 2,000 mm. The region
experiences a bimodal precipitation pattern, with the occurrence of two distinct rainy
seasons. The first rainy season, commonly referred to as the "long rains," takes place
from March to May. The second rainy season, known as the "short rains," occurs
between October and December (Kabubo-Mariara & Karanja, 2007). The mean
temperature within the county is recorded as 22.5°C. According to Barasa et al.
(2015a), January and February are typically characterized as months with low
precipitation. The region experiences consistently elevated temperatures throughout
the year, exhibiting marginal fluctuations in average maximum and lowest
temperatures, ranging from 28°C to 32°C and 11°C to 13°C, respectively. The
average annual evaporation exhibits a significant magnitude and varies between 1,600
mm and 2,100 mm, accompanied by elevated levels of humidity. (Ngetich, 2013). The
soils in this region range from loamy to sandy.The common crops grown in the
county are; maize, common bean, cassava, sweet potato, groundnut and vegetables

such as African nightshade.

3.2.3Trans Nzoia county

With mean maximum (daytime) temperatures varying from 23.4°C to 28.40°C and
mean minimum (nighttime) temperatures ranging from 11.00°C to 13.50°C, Trans
Nzoia County has a temperate and mild climate. The months of February and January
exhibit the highest and lowest recorded extreme temperatures, approximately 34.20C
and 6.50C, respectively.

The annual precipitation in the county varies between 1000mm and 1700mm. Long
precipitation season (March, April, and May) comprises the annual precipitation;

intermediate precipitation season (June-July-August); and short precipitation season
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(October-November-December). The region is characterized by deep soils that vary in
hue from dark red to reddish brown and are composed of friable granular clay to
clay.Common agricultural products in the county include maize, common bean, sweet

potato, potato, arrowroot, and African nightshade, among others.
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Figure 3. 1: Map showing three counties in Western Kenya where the African

nightshade samples were collected. (Source Author, 2021)

Table 3. 1Data description
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Data Data description Source

Points data Gps coordinates Researcher field data collection

Longitudes and latitudes

Boundary line Kenya administrative boundary: Kenya Data IEBC

data county, wards shapefiles
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3.3. Sampling criteria

Purposive sampling was employed to select the counties of Bungoma, Kakamega, and
Trans Nzoia on the basis of their notable African nightshade production and
consumption. A random sampling procedure was implemented, utilizing pre-existing
data on the species cultivated and in collaboration with producers. Pre-material
collection consultations were conducted with agricultural personnel in the region.
Samples were collected within a 0.5-kilometer radius of each location. The farms that
cultivated African nightshade were chosen at random. The chosen farms varied in
dimensions from 0.3 to 2 hectares, and their African nightshade production was
conducted on a modest scale. A random selection was made of five mature plants
bearing ripe fruits from each farm, and seeds of the identical accession were obtained
from the producers as well. The majority of farms and producers engaged in African
nightshade cultivation across the three regions were incorporated into this research
endeavor. Furthermore, a grand total of thirty seed samples representing the
accessions were gathered from the three designated counties, with each county
contributing ten samples. The aforementioned materials were designated with the
farm (farmer) number and collection area as follows: Bungoma (B), Kakamega (K),

and Trans Nzoia (T). (B Appendix)

3.4 Morphological characteristics of African nightshade in Western Kenya

3.4.1 Experimental design
The experiment was laid out in a randomized complete block design with three

replications each.
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3.4.2 Experimental layout

The land underwent ploughing and harrowing processes until it reached a state of fine
tilth. A total of thirty accessions of African nightshade were planted at the Kibabii
University Agricultural farm, employing a randomised full block design. The
experiment consisted of three replications, with each accession being represented
once inside each block. The seeds were sown at a depth of 1cm in single row plots
measuring 3 meters by 4 meters. The spacing between plants was 30cm, while the
spacing between rows was 40cm. Additionally, there was a distance of 1 meter
between blocks. This sowing practice was followed for both the short and long rainy
seasons. Diammonium phosphate (DAP) was administered at a rate of 0.012
kilograms per hectare (kg/ha) and was effectively incorporated into the upper layer of
soil during the planting process. The assessment of plant stand count, specifically the
germination percentage, was conducted at the two-week mark following the planting
process. Thinning procedures were implemented to guarantee the attainment of a

desired plant stand consisting of 10 plants per plot..

3.4.3 Data Collection
The data was gathered from four plants that were selected at random from the
midpoint of each allotment, in accordance with the criteria outlined by Nandhini et al.
(2014).A phenotypic descriptor list was compiled and constructed based on the
phenotypic characteristics outlined by Singh et al. (2003) of the National Bureau of
Plant Genetic Resources (NBPGR) for the four seedlings.

i. Leaf margin: The margins of the leaves were observed when the plant

started flowering and scored as Entire or Sinuate or sinuate dentate.
ii. Leaf surface was determined by feeling the texture of leaf surface using

the hand and scored for presence or absence of hairs.
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iv.

vi.

vii.

Stem ridge: Was evaluated at maturity when plants started fruiting and was
determined by feeling the texture of the entire stem of the plant using hand
and scoring for presence or absence of ridges.

Colour of the berry/ fruit: Was evaluated when berry change colour from
green. The colour was determined by visually observing and recording the
colour of mature and ripe fruits against fruit colour chart. The colours of
the mature fruits were scored as green or purple or orange.

Inflorescent type: Was determined when the flower was mature and scored
as Forked or simple

Leaf shapes: Was determined at flowering and scored as Ovate or
Lanceolate

Plant type: Was evaluated at flowering stage and scored as Semi erect or

erect

Table 3. 2: Characters used in morphological analysis of Western Kenya accessions of

African nightshade
Character Scoring method
Leaf margin Entire or Sinuate or Sinuate dentate
Leaf hair surface Presence or absence
Stem ridge Presence or absence
Berry colour Green or purple or orange
Inflorescent type Forked or simple
Leaf shape Ovate or lanceolate
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Plant type Erect or Semi erect

Data collected (Appendix C) was analysed using PASW Version 20 Statistical
analysis package and a dendrogram drawn using hierarchical cluster analysis

procedure and Euclidian average distance.

3.5 Molecular characteristics of African nightshade in Western Kenya

The study utilized thirty African nightshade accessions' seeds procured from farmers
residing in African nightshade-growing regions of Kakamega, Bungoma, and Trans
Nzoia (see Appendix B).In a glasshouse, the African nightshade accessions were
sown in containers containing extremely fine soil that had been sieved through a 60-

gauge mesh.

3.5.1 Leaf harvesting and DNA extraction

The leaves of African nightshade plants, which were four weeks old and in a young,
tender, and healthy state, were collected from each accession. These leaves were
carefully wrapped in foil paper and promptly transported to the laboratory. Upon
arrival, they were stored in a refrigerator set at a temperature of -20°C to preserve
their quality. The leaves were subsequently washed with distilled water in order to
eliminate any soil particles present on their surfaces, following the methodology
employed by Agbagwa et al. (2012). The leaves of African nightshade accessions
were measured and 200mg of leaves from each accession were carefully pulverized
into a smooth paste using a mortar and pestle in 500ul of CTAB buffer. The sample
was thereafter placed into a microcentrifuge tube and subjected to incubation for a
duration of 15 minutes at a temperature of 55°C within a recirculating water bath. The

CTAB/plant extract mixture was subsequently subjected to centrifugation at a speed
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of 12000 revolutions per minute (rpm) for a duration of five minutes in order to
separate and sediment the cellular debris. Subsequently, the liquid portion
(supernatant) was carefully transferred into sterile microfuge tubes, with an added
volume of 250 pl of chloroform. Isoamyl alcohol (24:1) was introduced into each
tube, and the solution was thoroughly mixed by gently and repeatedly inverting the
tubes. Subsequently, the combination underwent centrifugation at a speed of 13000
revolutions per minute for a duration of one minute. The resultant upper aqueous
phase, which harbors the DNA, was meticulously transferred into a sterile microfuge
tube. Each tube was supplemented with 50ul of 7.5M ammonium acetate, and then,
500pl of ice-cold 100% ethanol was introduced. The tubes were subsequently inverted
in a deliberate and cautious manner on multiple occasions in order to induce the
precipitation of DNA. The DNA that had precipitated was observed to gather at the
base of the tubes, and the liquid portion above, known as the supernatant, was
cautiously decanted by pouring it out gently from the tubes, ensuring that the DNA
pellets remained undisturbed. Subsequently, the DNA pellet underwent two rounds of
washing with ice-cold 70% ethanol. After the washing process, the DNA sample was
subjected to centrifugation at a speed of 13000 revolutions per minute (rpm) for a
duration of 1 minute. Subsequently, the liquid portion above the sedimented material,
known as the supernatant, was carefully eliminated. The DNA was subsequently
desiccated by inverting the tube housing the DNA onto a sterile paper towel for a
duration of 14 minutes, with precautionary measures implemented to prevent the
DNA pellet from dislodging from the tube. The tubes containing the DNA pellets
were subsequently positioned in an upright orientation and, while being shielded by
paper towels, were allowed to remain undisturbed for a duration of 30 minutes to

ensure the thorough desiccation of the pellets. Subsequently, the DNA that was
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obtained was reconstituted in 400ul of sterile water that was free from DNase. A
solution containing 10ul/ml of RNase (10ul of RNase in 10ml of H20) was
subsequently used to eliminate any potential presence of RNA in the sample.
Following the process of resuspension, the DNA was subjected to incubation at a
temperature of 65°C for a duration of 20 minutes, with the purpose of eliminating any
potential DNases that may have been present. The DNA was subsequently kept at a
temperature of 4°C to facilitate its utilization in the Polymerase Chain Reaction
(PCR).

Section 3.5.2 focuses on the topic of DNA. The process of quantification

The DNA amount and quality of each entry were assessed by subjecting the samples
to electrophoresis on 1% (w/v) agarose gels for a duration of 1 hour at 80 volts. The
agarose gel was prepared by diluting it in a 100 mL solution of 1 x TAE buffer, which
consisted of 0.89 M Tris base, 0.89 M boric acid, and 20 mM EDTA at pH 8.0. The
remaining volume of the solution was made up to 900 mL using distilled water. In
order to determine the DNA concentration of the African nightshade accessions, a
comparison was made using a standard undigested lambda DNA with varying
concentrations of 10, 20, 50, 80, and 100 ng. This comparison involved analyzing the
band widths and intensities. The gel underwent staining with ethidium bromide
(10mg/ml) for a duration of 30 minutes, followed by destaining in distilled water for a
period of 20 minutes, prior to being seen using a UV transilluminator. A quantity of
high quality DNA ranging from 0.5ug to 1ug was acquired and subsequently diluted
to a concentration of 0.01pg/ul using deionized distilled water in preparation for PCR
amplification.

The confirmation of DNA extraction quality was conducted using agarose gel

electrophoresis. A 3% agarose gel was prepared by weighing 3g of agarose powder

34



and dissolving it in a conical flask containing 100ml of 1x TBE buffer. The mixture
was then heated in a microwave for 3 minutes until the agarose was completely
dissolved and a rolling boil was achieved. Subsequently, the conical flask containing
the mixture was extracted and subjected to a cooling period of five minutes. The
concentration of the substance is 0.5 micrograms per milliliter. Subsequently,
ethidium bromide was meticulously introduced into the gel for the purpose of
visualization and thoroughly agitated to ensure uniform distribution. The gel combs
were subsequently organized within a gel tray to facilitate the formation of wells,
which would serve as the designated locations for loading the DNA samples.
Subsequently, the gel was meticulously poured onto the tray and left undisturbed for a
duration of 20 minutes at ambient temperature on a level platform, until it achieved
full solidification. During the gel casting process, precautions were taken to prevent
the formation of bubbles inside the gel matrix. This was done because to the potential
interference that bubbles could cause to the movement of DNA molecules during
electrophoresis. The combs utilized were selected in order to generate a minimum of
31 wells, with one well designated for loading the ladder and the remaining wells
allocated for loading the 30 samples. Subsequently, the combs were cautiously
extracted subsequent to the solidification of the gel. The gel was subsequently
transferred into a gel electrophoretic tank that was filled with a 0.5x TBE buffer,
facilitating the loading of the DNA samples.

In the first well, 10ul of a 1kb ladder was introduced, while the remaining wells were
filled with a combination of 5ul of each ANS genotype's extracted DNA sample, Sul
of water, and 2pul of 6x loading buffer. The loading process facilitated the
sedimentation of DNA samples within the gel wells, preventing their diffusion into

the buffer solution. The gel electrophoresis procedure was thereafter performed for a
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duration of 30 minutes at a voltage of 100. Following this, the gel was cautiously
extracted from the gel tanks and subjected to ultraviolet light exposure, after which it
was documented through photography. The confirmation of good DNA extraction
quality was established through the observation of high resolution molecular weight

bands.

3.5.3 PCR Amplification

The PCR amplification was conducted using a reaction mixture with a volume of 25
pl. This mixture included 2 pl of DNA sample template, 5 pl of 5x PCR buffer, 0.1 pl
of Taq polymerase, 0.5 pl of reverse primer, 0.5 pl of forward primer, and 17 pl of
double distilled water. In this study, a total of six distinct primers were employed for
the polymerase chain reaction (PCR) process. Each reaction involved the utilization of
a primer pair, consisting of both a reverse and a forward primer. Following an initial
denaturation step of 4 minutes at a temperature of 94°C, a series of 30 cycles were
conducted. Each cycle consisted of a 1-minute denaturation step at 94°C, followed by
a 1-minute annealing step at a temperature range of 49-55°C, and finally a 1-minute
extension step at 72°C. Subsequently, a final extension step of 10 minutes at 72°C
was carried out. The amplifications were conducted with the Applied Biosystems

2720 Thermo cycler.

3.5.4 DNA Data analysis

The manual scoring of allele sizes was conducted for each repeatable band observed,
utilizing a molecular size ladder. A score of 1 was assigned to indicate the presence of
a band, while a score of 0 was assigned to indicate the absence of a band for each
primer. The band's size was estimated using a comparative analysis with a 100 base

pair molecular size ladder. The matrix data that was generated was utilized for the
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purpose of conducting statistical analysis. The researchers conducted cluster analysis
in order to determine the genetic relationships between accessions. The resulting
genetic distance dendrogram was generated using the Numerical Taxonomy
Multivariate Analysis System package (NTSYS-pc) software, specifically version 2.1.
The genetic relationships were assessed by computing the genetic similarity matrix
using the Euclidean distance metric. This matrix was then utilized in the Unweighted
Pair-Group Method with Arithmetic Mean (UPGMA) clustering algorithm, which was
implemented using the Sequential Agglomerative Hierarchical Nested (SAHN)
software. The resulting clustering analysis was visualized using a tree plot. The matrix
data was analyzed using Power Marker (version 3.0) software to calculate the major
allele frequency, genetic diversity, and polymorphic information content (PIC)

indices.

3.6 Screening African nightshade accessions for resistance to Bacterial wilt

3.6.1 Bacterium Ralstonia solanacearum sample Isolation and preservation
Diseased African nightshade plants and soil samples were collected through field
observations of bacterial wilt symptoms. These symptoms were differentiated from
vascular wilts caused by fungal pathogens through visual examination of primary
indicators such as wilting and vascular discoloration. Additionally, a bacterial
streaming test was conducted by observing the presence of bacterial movement in a
glass of water.

Plants that exhibited the exudation of milky white filaments from the severed ends of
their xylem, while immersed in a container of water, were selected. A minimum of ten
samples of the afflicted plants were gathered from each of the studied agricultural
establishments situated in the African nightshade cultivation regions of Western

Kenya, specifically Bungoma, Kakamega, and Trans Nzoia county.
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The afflicted plants were transported to the Microbiology laboratories at Masinde
Muliro University of Science and Technology (MMUST) and Kibabii University,
respectively.

In the laboratory, the samples obtained from the fields underwent a washing process
using running tap water to eliminate any sand and dust particles. The stems were then
subjected to surface sterilization using a 70% alcohol solution. Following this, the
stems were crushed and the bacteria were cultivated on Casamino acid Peptone
Glucose media.The colonies were grown individually and subsequently transferred to
fresh media in order to obtain pure cultures on triphenyl tetrazolium chloride (TTC)

agar medium, which is a semi-selective medium.

3.6.2 Preparation of bacterial Inoculum
Bacterial cells were grown in casamino acid, peptone, glucose (nutrient broth) and
multiplied by shaking at 28° C for 48 hours, the cells were suspended in distilled

water and adjusted to 108 cfu/ml (OD600 = 0.8).

3.6.3 Screening of African nightshade accessions for Resistance to bacterial wilt.

The 30 accessions were cultivated individually in sterile potting mixture within
germination trays in a greenhouse. The potting mixture consisted of a ratio of 3 parts
sand, 1 part silt, and 1 part compost. The trays received daily irrigation.At the age of
four weeks, three seedlings from each accession, each with four to five leaves, were
transplanted from the tray to individual pots. The experiment was conducted with
three replications for each treatment. The pots were distributed in a completely
randomized manner within a greenhouse and were adequately watered on alternating
days. One week post-transplantation, inoculations were conducted by applying a 30
ml bacterial suspension with a concentration of 107 CFUml-1 to each pot through soil

drenching. Following the inoculation process, the plants were then watered on
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alternating days. The plants that were affected by infection were evaluated for
indications of wilting, and the presence of pathogens was additionally verified on
vulnerable varieties of African nightshade plants, following the methodology outlined

by Elphinstone et al. in 1996.

3.6.5 Data collection

The assessment of bacterial wilt status was conducted using a severity scale
previously described by Horita and Tsuchiya (2001). Additionally, a disease index
was employed, with the following categories: 1 = No symptom (indicating high
resistance), 2 = Wilted top young leaves (indicating 25% resistance), 3 = Wilted two
leaves (indicating 50% susceptibility), 4 = Wilted four or more leaves (indicating 75%
susceptibility), and 5 = Complete plant death with wilted canopy (indicating high

susceptibility, 100%).

3.6.6 Data analysis
The disease severity score was subjected to excel and frequency distribution graphs
drawn to establish bacterial wilt disease progression of African nightshade

accessions.
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CHAPTER FOUR

RESULTS AND DISCUSSIONS

4.1. Introduction

This chapter presents the results for the study.

4.2 Morphological characteristics of African nightshade accessions grown in
Western Kenya

The dendrogram (Fig. 4.1.1 has two major clusters A and B linked at a square
Euclidean distance of 25 showing that there is a wider variation among the species
collected from the three regions of Western Kenya. The dendrogram exhibited a
complex clustering pattern, indicating a significant level of diversity among the
African nightshade cultivars under investigation. This observation aligns with the
principle that a shorter Euclidean distance between dendrogram branches corresponds
to a higher degree of similarity among cultivars, while longer branches indicate
greater genetic diversity among cultivars (Kalinowski, 2009).These findings suggest
that the cultivars within a specific cluster exhibit a higher degree of genetic similarity
compared to cultivars belonging to different cluster groupings. The findings presented
here are consistent with the research conducted by Nyadanu et al. (2014) on the agro-
morphological characterization of eggplant. Cluster A links two major clusters at a
square Euclidean distance of 16, A1 links three clusters at a square Euclidean distance
of 8. A2 links two clusters at a square Euclidean distance of 8§ while the selection
from the counties of Trans Nzoia, Kakamega and Bungoma shows geographic spread
but genetic similarities; Al1 comprises of Solanum nigrum (Trans Nzoia 9), Solanum
nigrum (Trans Nzoia 10), Solanum nigrum (Trans Nzoia 1), Solanum nigrum (Trans
Nzoia 6), Solanum nigrum (Kakamega 10), Solanum nigrum (Trans Nzoia 3),
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Solanum nigrum (Kakamega 8).Al2 comprises of Solanum nigrum (Kakamega
7),Solanum nigrum (Trans Nzoia 5), Solanum nigrum (Bungoma 2), Solanum nigrum
(Bungoma 6), Solanum nigrum (Bungoma 8), Solanum nigrum (Bungoma 5),
Solanum nigrum (Kakamega 6), Solanum nigrum (Bungoma 4) whose accessions had
rhomboid shaped leaves with sinuate to dentate and entire margins, and had small
dark purple fruit when ripe and a semi erect plant type ( Plate 4.1. 1,b and Plate
4.1.2b,f).Alscomprises of Solanum villosum (Trans Nzoia 8).A21 comprises of
(Solanum villosum (Trans Nzoia 2), Solanum villosum (Bungoma 8), Solanum vilosum
(Kakamega 1), Solanum villosum (Kakamega 4),A22 comprises of (Solanum villosum
(Bungoma 10), Solanum villosum (Trans Nzoia 7), Solanum villosum (Bungoma 1),
Solanum villosum (Bungoma 3), Solanum villosum (Kakamega 5).These had
lanceolate leaves with lobed sinuate dentate leaf margins that produced green berries
which turned Orange when mature and had an erect plant type (Plate 4.1.1 b and Plate
4.1.1 2 c,f,d ). Cluster B comprises of Solanum scabrum improved (Trans Nzoia 4),
Solanum scabrum improved (Kakamega 9), Solanum scabrum improved (Kakamega
2), Solanum scabrum improved (Kakamega 3), Solanum scabrum improved
(Kakamega 7) these were those species collected from Trans Nzoia and Kakamega
County. These cultivars had ovate leaves with entire margins, produced large dark
purple berries when mature and had an erect plant type. (Plate 4.1.1, a and Plate 4.1.2,

a, b)
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Plate 4.1. 1: African nightshade accessions exhibiting diversity in plant type;

a- Erect. b- Semi erect (c) Semi erect

Plate 4.1.2: African nightshade accessions exhibiting diversity in leaf.

Shape, leaf margin, leaf pubescent and fruit colour; a-Ovate leaves with entire
margins, b- Rhomboid leaf with sinuate-dentate margins, c- Lanceolate leaves with
sinuate to dentate margins, d- Orange berries, e- Purple berries, f- unripe Green
berries
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Figure 4.1.1 Hierarchical cluster analysis dendrogram displaying relationship among

30African nightshade accessions using qualitative traits.

Discussion
The morphological characterization of plant species plays a crucial role in crop

breeding programs, as it enables scientists to discern and choose superior lines for

43



subsequent crop development and enhancement (Adebola and Morakinyo, 2006; Das
and Kumar, 2012; Julia et al., 2016; Peratoner et al., 2016; Ngomuo et al., 2017). This
process facilitates the examination of plant diversity through the observation of
discernible characteristics. This study revealed notable diversity across the 30 African
nightshade accessions in terms of qualitative features, suggesting that these traits can
serve as an indicator of diversity among African nightshade cultivars. The findings
shown here align with the research conducted by Olet (2004), which posited that
qualitative features are more dependable in discerning genetic relationships among
African nightshade compared to quantitative traits.

Considerable variability in qualitative features across African nightshade cultivars
were also discovered by Nandhini et al. (2014). The observed variation may arise
from either genetic factors or the influence of environmental conditions on the
cultivars' genes. The variation in fruit colors observed among various African
nightshade accessions may be attributed to variations in anthocyanin levels within the
plants, potentially influenced by environmental factors (Manoko, 2008). These
environmental influences have a significant impact on the phenotype, which explains
the similarities in genetics observed across different locations.

The utilization of a cluster dendrogram serves as a reliable metric for assessing the
level of diversity present both among and within species, as it effectively consolidates
comparable entries into cohesive clusters (Malek et al., 2014). The results of the
cluster analysis indicate that there is observable variation among the 30 African
nightshade accessions in relation to the physical parameters that were examined (see
Figure 4.1.1). Zhang et al. (2012) and Mekonnen et al. (2014) employed a comparable
approach in their separate studies, focusing on the morphological characterization of

Cucumis melo and lentil accessions.
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The observed clustering pattern indicates that the Solanum scabrum accessions exhibit
significant genetic divergence from the Solanum villosum and Solanum nigrum
accessions. This finding suggests that these accessions have the potential to be
utilized in reciprocal improvement efforts. The accessions originating from identical
counties were aggregated, but further sub-clustering was observed within the primary
clusters, indicating the presence of intra-cluster variability. The clustering analysis
also identified a few individual instances of Solanum villosum, specifically Trans
Nzoia 8. Singletons refer to accessions that are segregated from the remaining
accessions within a cluster. According to Choudhary et al. (2013), these accessions
exhibit greater diversity and hence need special consideration throughout the selection
process due to their perceived superiority over other accessions.

Singletons were also identified in other genetic characterisation investigations, such
as those conducted by Dube et al. (2018) on Corchurus, Chowdhury et al. (2015) on
Chickpea, and Gerrano et al. (2015) on Amaranthus.The presence of intricate
clustering patterns in the dendrogram indicated a significant level of diversity among
the African nightshade cultivars that were evaluated. This is because, according to
Kalinowski (2009), a shorter Euclidean distance between the branches of a
dendrogram signifies a higher degree of similarity between the cultivars, whereas
longer branches indicate greater genetic diversity among the cultivars.These findings
suggest that the cultivars within a particular cluster exhibit a higher degree of genetic
similarity compared to cultivars belonging to different cluster groupings. The findings
presented here align with the conclusions reported by Nyadanu et al. (2014) in their
study on the agro-morphological characterization of eggplant.

All specimens classified under the African nightshade species Solanum scabrum

exhibited the presence of trichomes on their leaf surfaces. According to previous
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research conducted by War et al. (2012), it has been demonstrated that cultivars
possessing pubescence exhibit a higher level of tolerance towards pests and insects.
This is due to the fact that the presence of hairs on the plant surface serves as a
hindrance to insects and pests, preventing them from laying eggs and eating.
Additionally, the pubescence also interferes with the larval feeding of these
organisms, further contributing to the cultivars' ability to withstand infestations
(Steinite and Ievinsh, 2003). The presence of hairs on the plant surface has been seen
to impede the movement of insects and pests, resulting in reduced contact with the
leaf epidermis and subsequently reducing harm to the leaves (War et al., 2012). The
primary obstacle faced by farmers during the cultivation of African nightshade is the

presence of pests and illnesses, as noted by Onyango et al. (2016).

The leaf shape and leaf pubescence features possess significant importance in the
development of African nightshade cultivars that exhibit resistance to drought, pests,
and diseases.

The primary factor contributing to crop improvement is in the inherent differences
within and between cultivars, as highlighted by Nyadanu et al. (2014) and Ojiewo et
al. (2013). This is mostly due to the potential for developing cultivars with enhanced
yield characteristics through selective breeding methods, therefore leading to
improved vegetable productivity. Various communities have distinct preferences for
different species of African nightshade. For instance, the Abagusii community favors
genotypes characterized by a spreading plant type, which yield small lanceolate leaves
with a mild bitterness. On the other hand, the Abaluhya community prefers genotypes
with an erect plant type, resulting in broad leaves with a bitter taste. This distinction

in preference is exemplified by the S. sarrachoides species for the Abagusii and the S.
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scabrum species for the Abaluhya (Onyango et al., 2016). This observation suggests
that there exists variability in the favored African nightshade species among different
communities. Therefore, while undertaking breeding efforts to enhance the production
of African nightshade, it is crucial to take into account the individual interests of each
community.

In the case of qualitative features, the majority of observed changes were found to
occur across different species rather than within a single species. For example, all
cultivars belonging to the species S. villosum exhibited a semi-erect plant type and
produced mature orange berries, while cultivars of S. scabrums produced mature
purple berries. This observation suggests that the observed variations are likely due to
genetic factors rather than environmental factors, as they remain consistent across
different locations. For instance, the leaf shape of cultivars within the S. scabrum
species was found to be ovate in both the short and long rain periods, which

contradicts the findings of Madic et al. (2016).

4.3 Molecular characteristics of African nightshade accessions in Western Kenya
The presence of clustering and sub-clustering patterns observed in the dendrogram
suggests the potential for crossability among the African nightshade accessions under
investigation. The dendrogram, as depicted in Figure 4.2.1, exhibited three primary
clusters that were connected at a Euclidean distance of 198.91. The initial cluster
consists of Trans Nzoia 5, which refers to the plant species Solanum nigrum. The
second cluster consisted of Kakamega 10 (Solanum nigrum). The final cluster
consisted of the remaining 28 accessions of African nightshade. The third cluster is
subsequently partitioned into two more clusters, with a spatial separation of 115.49

units. The third cluster consisted of various Solanum species, namely Trans Nzoia 7
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(Solanum villosum), Trans Nzoia 6 (Solanum nigrum), Kakamega 7 (Solanum
nigrum), Bungoma 9 (Solanum villosum), Trans Nzoia 4 (Solanum scabrum
improved), Trans Nzoia 10 (Solanum nigrum), Trans Nzoia 9 (Solanum nigrum),
Trans Nzoia 8 (Solanum villosum), Bungoma 10 (Solanum villosum), Kakamega 9
(Solanum scabrum improved), Bungoma 8 (Solanum nigrum), Bungoma 7 (Solanum
scabrum improved), Bungoma 5 (Solanum nigrum), Kakamega 8 (Solanum nigrum),
Trans Nzoia 3 (Solanum nigrum), Trans Nzoia 2 (Solanum villosum), Bungoma 6
(Solanum nigrum), Kakamega 6 (Solanum nigrum), Bungoma 4 (Solanum nigrum),
Kakamega 4 (Solanum villosum), Kakamega 2 (Solanum scabrum improved),
Kakamega 3 (Solanum scabrum improved), Trans Nzoia 1 (Solanum nigrum),
Kakamega 5 (Solanum villosum), Bungoma (Solanum nigrum), Kakamega 1
(Solanum villosum), and Bungoma 1 (Solanum villosum). The third cluster consists
of two clusters connected at a Euclidean distance of 58.02, along with eleven

subclusters connected at a Euclidean distance of 39.78.
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Figure 4.2. 1Genetic distance among accessions

The estimation was conducted using the Numerical Taxonomy Multivariate Analysis

System package (NTSYS-pc) software, specifically version 2.1.
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The genetic correlations were assessed by computing the genetic similarity matrix
using the Euclidean algorithm calculator. This matrix was then utilized in the
Unweighted Pair-Group method (UPGMA) clustering, which was performed using
the sequential agglomerative hierarchical nested (SAHN) program. The resulting

clustering analysis was visualized by a tree plot analysis.

Discussion

Molecular markers, specifically SSR markers, have been effectively utilized in
various studies to elucidate the genetic diversity present within crops and their wild
counterparts. These markers have also been employed to assess the genetic variation
between different accessions of cultivated or semi-cultivated plants originating from
diverse geographical or ecological regions. Furthermore, they have served as valuable
tools for selection processes and the preservation of genetic diversity. This has been
demonstrated in several studies conducted by Dehmer (2001), Hammer et al. (2003),
Lanteri and Barcaccia (2005), Mace et al. (1999), Muluvi et al. (1999), McGregor et
al. (2002), Perera et al. (1998), Potokina et al. (2002), Shan et al. (2005), Vergara and
Bughrara (2003), and de Vicente et al. (2005).

The current investigation utilizes Simple Sequence Repeat (SSR) analysis to examine
the genetic diversity within African nightshade accessions from Western Kenya. The
clustering pattern seen in this analysis for the African nightshade accessions suggests
a substantial level of genetic heterogeneity among the accessions. The absence of
grouping based on regional origin suggests that there is no significant genetic
differentiation among accessions from various locations, namely Bungoma,
Kakamega, and Trans Nzoia counties. Olet (2004) identified a clustering pattern that

was found to be similar among Ugandan, Indonesian, and European material.
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The clustering pattern observed in this study did not align with the previously
reported morphological differences. The absence of congruity between morphological
and genetic disparities implies that the morphological disparities cannot be accounted
for by selection for distinct plant types. Consequently, these disparities must be
attributed to environmental factors and the interplay between the plant's genetics and
its surrounding environment, as supported by the findings of Onyango et al. (2016).

The study conducted by Osei et al. (2013) found that African nightshade accessions
within a cluster exhibited a higher degree of genetic similarity compared to accessions

from different clusters.

4.4 Response of different African nightshade accessions to bacterial wilt
(Ralstonia  solanacearum) in Western Kenya

The individual in question is susceptible. By the seventh day after inoculation, it was
observed that Solanum nigrum plants from various locations (Bungoma 5, Bungoma
8, Bungoma 2, Bungoma 4, Bungoma 6, Trans Nzoia 2, Trans Nzoia 10, Trans Nzoia
5, Trans Nzoia 3, Trans Nzoia 9, Trans Nzoia 8, Kakamega 6, Kakamega 10)
exhibited wilting of all leaves, except for the top 2 to 3 leaves.The plants exhibited a
persistent state of wilting, culminating in the complete wilting of all leaves over the
entire plant by the 14th day. The plant exhibited a persistent state of wilting till its
eventual demise after a period of 21 days in the presence of highly susceptible
accessions. Conversely, Solanum nigrum (Trans Nzoia 10) plants experienced
mortality on the 14th day following inoculation, as depicted in Figure 4.1.3. Solanum
villosum specimens collected from various locations (Bungomal, Bungoma 3,
Bungoma 9, Bungoma 10, Trans Nzoia 1, Trans Nzoia 7, Kakamega 1, Kakamega 5,

Kakamega 4, Kakamega 7, Kakamega 8) exhibited complete leaf wilting by the
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seventh day of observation. The wilting persisted, resulting in plant mortality within

14 days, indicating a high susceptibility of these specimens. This information is

visually represented in Figure 4.3.1, 4.3.2,4.3.4, 4.3.5, 4.3.7, and 4.3.8, respectively.
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Among the resistant accessions were Solanum scabrum from the Bungoma 7, Trans
Nzoia 4, Kakamega 2, Kakamega 3, Kakamega 9, which did not show any symptoms
of wilting up to the end of 21 days (Resistant) as shown on figure 4.3.3, 4.3.6 and

4.3.9 below
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Figure4.3.3 A graph showing disease progression in selected resistant accessions of

African nightshade growing areas in Bungoma county.

Plate 4.1.3 Photos showing response of African nightshade
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accessions to Ralstonia solanacearum after inoculation (a) No wilting symptom
observed (Resistant) (b) Wilting symptoms observed (c) Chlorate symptoms observed
on the leaves of resistant cultivars after inoculation.
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Figure 4.3.7: A graph showing disease progression in selected susceptible accessions of

African nightshade growing areas in Kakamega county

6

>
T 5 4 *—
E 4 / / /
25 / /
23 /
2 1 / /
R 0 ——/ / / ¢—Scores

1‘7‘14|21‘ 1|7‘14|21‘ 1‘7‘14‘21

solanum Solanum Solanum
nigrum(Kakamega)8 villosum(Kakamega)4 villosum(Kakamega)7
Selected African nightshade species response to bacterial wilt
over time in days
Figure 4.3. 8: A graph showing disease progression in selected susceptible accessions of

African nightshade growing areas in Trans Nzoia county
.
= 0.8 A
<
Z 206 -

)
% 204 -
2 02 -
]
0+ 4 4 4 | 4 g g 4 & g g
1‘7‘]4‘21‘ ‘1‘7‘]4‘21‘ ‘]‘7‘]4‘21
Solanum scabrum imroved | Solanum scabrum improved Solanum scabrum
(Kakamega)2 (Kakamega)3 improved (Kakamega)9
Selected African nightshade species response to bacterial wilt
over time in days

Figure 4.3.9: A graph showing disease progression in selected resistant accessions of

African nightshade growing areas in Kakamega county

Discussion
The investigation into identifying a genetic basis of resistance to bacterial wilt in

different vegetables has been extensively examined in solanaceous crops. In a study
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conducted by In et al. (1996), the researchers examined the resistance of 31 tomato
varieties to Ralstonia solanacearum, a bacterial wilt pathogen. The findings revealed
that just three of the types exhibited considerable resistance, whereas the remaining
varieties were found to be vulnerable to the pathogen. There exists a correlation
between resistance, vulnerability, and the manifestation of symptoms. In the present
investigation, it was observed that susceptible accessions exhibited symptoms of
infection after a period of four days following inoculation. In contrast, resistant
accessions displayed chlorotic symptoms after a duration of more than fourteen days,
which is consistent with the results reported by Anith et al. (2004). The phenomenon
of resistance to bacterial wilt has been discovered to be strain specific and influenced
by temperature, as demonstrated in a study conducted on potato by French and De
Lindo in 1982. The resistance against bacterial wilt is influenced by environmental
circumstances and locations, as observed by Hanson et al. (1996) who documented a
diverse response of tomato lines to bacterial wilt across multiple locations in
Southeast Asia. The researchers discovered that tomato lines that exhibited resistance
to bacterial wilt in Malaysia and Taiwan had susceptibility in the Philippines and

Indonesia.

The study identified that the Solanum scabrum improved cultivar exhibited resistance,
whereas the Solanum villosum and Solanum nigrum cultivars were shown to be
vulnerable. Consequently, it is suggested that the cultivation of Solanum scabrum
improved be prioritized in integrated production systems, as well as in the

development of new African nightshade cultivars with resistance.

Solanum scabrum exhibited resistance to Ralstonia solanacearum across all three

regions. This resistance can be attributed to a distinct inherent gene of resistance
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possessed by this genotype. This finding aligns with the research conducted by
Nguyen and Ranamukhaarachchi (2010), who observed that the ability of a crop to
overcome pathogen attacks is frequently influenced by the genetic diversity of the

pathogen and the interactions between genotype and environmental factors.
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusion

The analysis of clustering based on morphological characteristics reveals that the
Solanum scabrum accessions exhibit significant genetic divergence from the Solanum
villosum and Solanum nigrum accessions. This finding suggests that these accessions
have the potential to be utilized in reciprocal improvement efforts.

The presence of notable diversity among African nightshade accessions suggests the
existence of variation between cultivars of the same species, as well as within
accessions across distinct species. This observed variation may be attributed to either
genetic factors or environmental influences.

The leaf shape and leaf pubescence are significant features that can be utilized in the
development of African nightshade cultivars with enhanced resistance to drought,
pests, and diseases.

The utilization of SSR primers in evaluating African nightshade accessions revealed
the presence of genetic variety, as evidenced by the clustering of accessions into three
distinct groups (I, II, and III). The dendrogram analysis revealed the presence of
distinct clusters and sub-clusters, suggesting a significant level of genetic diversity
among the African nightshade accessions obtained from the three counties located in
Western Kenya.

Based on the current evaluation, it can be inferred that African nightshade cultivars
exhibited variability in their resistance response to R. solanacearum. The enhanced
genotype of Solanum scabrum was discovered to exhibit resistance, while the

genotypes of Solanum villosum and Solanum nigrum were shown to be susceptible.
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5.1.1Recommendation

This study suggests that additional morphological characterization, encompassing
both qualitative and quantitative traits, be conducted on accession samples from the
same species in Western Kenya. This would enable scientists to identify and
document superior cultivars within specific African nightshade species.

It is advisable to utilize enhanced Solanum scabrum in integrated production systems
and for the development of novel African nightshade cultivars that possess resistance.

This suggests that genotypes ought to be assessed under local conditions in relation to

specific isolates of the pathogen prevalent in that region.
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Appendix A: African nightshade accession used in the study

APENDICES

(Accessions) | Local Name | Source GPS Coordinates
Name longitude | Latitude
Bungoma 1 Namasaka Lugulu 34.751 0.665
Kakamegal Esucha Ingotse 34.696 0.356
Trans Nzoia 1 | Kisoyet Kwanza 35.003 1.163
Bungoma 2 Namasaka Maeni 34.750 0.792
Kakamega 2 Irisuza Lukuyani 35.103 0.711
Bungoma 3 Namasaka Mabanga 34.619 0.601
Kakamega 3 Liisucha Chimoi 34.826 0.580
Kakamega 4 Esucha Navakholo 34.681 0.407
Kakamega 5 Lisutsa Shinyalu 34.766 0.274
Bungoma 4 Namasaka Mayanja Vitunguu 34.544 0.528
Bungoma 5 Namasaka Chwele 34.581 0.737
Kakamega 6 Liisucha Lubao 34.807 0.332
Bungoma 6 Namasaka Bokoli 34.660 0.712
Trans Nzoia 2 | Managu Kiminini 34.927 0.884
Trans Nzoia 3 | Namasaka Sikhendu 34.830 0.884
Bungoma 7 Namasaka Sang’alo 34.593 0.528
Bungoma § Namasaka Kimilili 34.727 0.792
Trans Nzoia 4 | Managu Kiungani 34.951 0.95
Bungoma 9 Namasaka Ndalu 34.987 0.818
Kakamega 7 Liisucha Malava 34.855 0.454
Kakamega 8 Liisucha Kaburengo 34.801 0.578
Trans Nzoia 5 | Kisocheet Saboti 34.838 0.931
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Trans Nzoia 6 | Osoig Endebesi 34.852 1.086
Kakamega 9 Liisucha Lwandeti 34.849 0.607
Bungoma 10 Namasaka Kamukuywa 34.784 0.799
Trans Nzoia 7 | Managu Mucharage 34.856 0.818
Trans Nzoia 8 | Namasaka Bidii 35.035 1.033
Kakamega 10 | Liisucha Matete 34.805 0.555
Trans Nzoia 9 | Managu Bondeni 34.902 0.991
Trans  Nzoia | Ksoyo Cherang’ani 35.234 0.988

10
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Appendix B: Qualitative traits and their scores according to the NBPGR

descriptors

Accession

Colour
of ripe
fruit

Stem
ridge

Leaf
shape

Leaf
margin

Inflorescence
Type

Leaf
surface

Plant
type

Bungoma
(Solanum villosum

D

Kakamega
1(Solanum
villosum)

Trans Nzoia
1Solanum nigrum

Bungoma
2(Solanum nigrum

Kakamega
2(Solanum
scabrum

improved)

Bungoma
3(Solanum
villosum)

Kakamega
3(Solanum
scabrum

improved)

Kakamega
4(Solanum
villosum)

Kakamega
5(Solanum
villosum)

Bungoma
4(Solanum
nigrum)

Bungoma
5(Solanum
nigrum)

Kakamega
6(Solanum
nigrum)

Bungoma
6(Solanum
nigrum)

Trans Nzoia
2(Solanum
villosum)

Trans Nzoia
3(Solanum
nigrum)

Bungoma
7(Solanum

84




scabrum
improved)

Bungoma
8(Solanum
nigrum) 2 2 2 2 1 1 1

Trans Nzoia
4(Solanum
scabrum
improved) 3 2 1 1 2 2 2

Bungoma
9(Solanum
villosum) 1 2 1 1 1 1 1

Kakamega
7(Solanum
nigrum) 2 2 2 2 1 1 1

Kakamega
8(Solanum
nigrum) 2 1 2 2 1 1 1

Trans Nzoia 5
(Solanum nigrum) 2 2 2 2 1 1 1

Trans Nzoia 6
(Solnum nigrum) 2 1 2 2 1 1 1

Kakamega 9
(Solanum scabrum
improved) 3 2 1 1 2 2 2

Bungoma
10(Solanum
villosum) 1 1 1 1 1 1 1

Trans Nzoia
7(Solanum
villosum) 1 1 1 1 1 1 1

Trans Nzoia
8(Solanum
villosum) 2 2 1 2 1 1 1

Kakamega
10(Solanum
nigrum) 2 1 2 2 1 1 1

Trans Nzoia
9(Solanum
nigrum) 2 1 2 2 1 1 1

Trans Nzoia
10(Solanum
nigrum) 2 1 2 2 1 1 1

NBPGR Descriptors

Plant type: 1=Semi erect2=Erect; Leaf surface: 1=Glaborous (sparsely), 2=pubescent
(Densely). Leaf margin: 1 =Sinuate —dentate, 2 =Entire, 3 = Lobed; Leaf shape: 1 =
Lanceolate, 2 = Ovate, 3 = Rhomboid; Stem ridge: 1= Smooth ridges, 2= Dented;
Fruit colour: 1= Orange, 2= Dark purple, 3=Black; Inflorescence
type:1=Simple,2=Forked.

Source: Singh 2003.

85




Appendix C: PCR products amplified with primer STWIN 12 and visualized
under UV light.

PRIMER STWIN 12

PRIMER STWIN 12

PRIMER STWIN 12

L 30 29 28 27 26 25 24 23

st R ST S
! !

R

1= Bungoma 1 (S.N), 2= Kakamega 1(S.V), 3= Trans Nzoia 1 (SN), 4= Bungoma 2(SN),
5= Kakamega 2(SS), 6= Bungoma 3 (SS), 7=Kakamega 3 (SS),8= Kakamega 4(SV), 9=
Kakamega 5(SV), 10= Bungoma 4 (SN), 11= Bungoma 5(SN), 12= Kakamega 6 (SN), 13=
Bungoma 6(SN), 14= Trans Nzoia 2(SV), 15= Trans Nzoia 3(SN), 16= 2 Bungoma 7 (SS),
17=Bungoma 8 (SN),18= Trans Nzoia 4 (SS), 19=Bungoma 9(SV),20= Kakamega 7 (SN),
21=Kakamega 8 (SN)22= Trans Nzoia 5 (SN), 23= Trans Nzoia 6 (SN), 24= Kakamega
9(SS), 25= Bungoma 10 (SV), 26= Trans Nzoia 7(SV), 27= Trans Nzoia 8(SV), 28=
Kakamega 10(SNO, 29= Trans Nzoia 9 (SN), 30=Trans Nzoia 10(SN).(SN-
Solanumnigrum, SV-Solanum villosum, SS-Solanumscabrum)
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Appendix D: PCRproducts amplified with primer SB 36 and visualized under
UVlight

PRIMER SB 36

11 10 9 L 8 7 6 5 4 3 2 1

|

PRIMER SB 36

R

PRIMER SB 36

1= Bungoma 1 (S.N), 2= Kakamega 1(S.V), 3= Trans Nzoia 1 (SN), 4= Bungoma
2(SN), 5= Kakamega 2(SS), 6= Bungoma 3 (SS), 7=Kakamega 3 (SS),8=
Kakamega 4(SV), 9= Kakamega 5(SV), 10= Bungoma 4 (SN), 11= Bungoma
5(SN), 12= Kakamega 6 (SN), 13= Bungoma 6(SN), 14= Trans Nzoia 2(SV), 15=
Trans Nzoia 3(SN), 16= 2 Bungoma 7 (SS), 17= Bungoma 8 (SN),18= Trans Nzoia
4 (SS), 19=Bungoma 9(SV),20= Kakamega 7 (SN), 21=Kakamega 8 (SN)22=
Trans Nzoia 5 (SN), 23= Trans Nzoia 6 (SN), 24= Kakamega 9(SS), 25= Bungoma
10 (SV), 26= Trans Nzoia 7(SV), 27= Trans Nzoia 8(SV), 28= Kakamega 10(SNO,
29= Trans Nzoia 9 (SN), 30=Trans Nzoia 10(SN).(SN-Solanumnigrum, SV-
Solanumvillosum, SS-Solanumscabrum)
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Appendix E PCR products amplified with primer TMS 29 and visualized under
uv light.

PRIMER _TMS 29

PRIMER TMS 29

1= Bungoma 1 (S.N), 2= Kakamega 1(S.V), 3= Trans Nzoia 1 (SN), 4= Bungoma
2(SN), 5= Kakamega 2(SS), 6= Bungoma 3 (SS), 7=Kakamega 3 (SS),8=
Kakamega 4(SV), 9= Kakamega 5(SV), 10= Bungoma 4 (SN), 11= Bungoma
5(SN), 12= Kakamega 6 (SN), 13= Bungoma 6(SN), 14= Trans Nzoia 2(SV), 15=
Trans Nzoia 3(SN), 16= 2 Bungoma 7 (SS), 17= Bungoma 8 (SN),18= Trans Nzoia
4 (SS), 19=Bungoma 9(SV),20= Kakamega 7 (SN), 21=Kakamega 8 (SN)22=
Trans Nzoia 5 (SN), 23= Trans Nzoia 6 (SN), 24= Kakamega 9(SS), 25= Bungoma
10 (SV), 26= Trans Nzoia 7(SV), 27= Trans Nzoia 8(SV), 28= Kakamega 10(SNO,
29= Trans Nzoia 9 (SN), 30=Trans Nzoia 10(SN).(SN-Solanumnigrum, SV-
Solanumvillosum, SS-Solanumscabrum)
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Appendix F: PCR products amplified with primer SB6 84 and visualized under
UV light

PRIMER SB6 84

sl
= R —"
P

PRIMER SB6 84

T

— i il
I ‘
C T — |
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PRIMER SB6 84

!
LARLERRRELFEEY | |
:

LALLLE]

bR

1= Bungoma 1 (S.N), 2= Kakamega 1(S.V), 3= Trans Nzoia 1 (SN), 4= Bungoma
2(SN), 5= Kakamega 2(SS), 6= Bungoma 3 (SS), 7=Kakamega 3 (SS),8=
Kakamega 4(SV), 9= Kakamega 5(SV), 10= Bungoma 4 (SN), 11= Bungoma
5(SN), 12= Kakamega 6 (SN), 13= Bungoma 6(SN), 14= Trans Nzoia 2(SV), 15=
Trans Nzoia 3(SN), 16= 2 Bungoma 7 (SS), 17= Bungoma 8 (SN),18= Trans Nzoia
4 (SS), 19=Bungoma 9(SV),20= Kakamega 7 (SN), 21=Kakamega 8 (SN)22=
Trans Nzoia 5 (SN), 23= Trans Nzoia 6 (SN), 24= Kakamega 9(SS), 25= Bungoma
10 (SV), 26= Trans Nzoia 7(SV), 27= Trans Nzoia 8(SV), 28= Kakamega 10(SNO,
29= Trans Nzoia 9 (SN), 30=Trans Nzoia 10(SN).(SN-Solanumnigrum, SV-
Solanumvillosum, SS-Solanumscabrum)
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Appendix G: PCR products amplified with primer SB4 32 and visualized under
UV light.

PRIMER SB4 32

L 23 22 21 20 19 18 17 L 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

PRIMER SB4 32

L 29 28 27 26 25 24

.'mmnu
n"H\m{

e
|“".|[

‘ i

1= Bungoma 1 (S.N), 2= Kakamega 1(S.V), 3= Trans Nzoia 1 (SN), 4= Bungoma
2(SN), 5= Kakamega 2(SS), 6= Bungoma 3 (SS), 7=Kakamega 3 (SS),8=
Kakamega 4(SV), 9= Kakamega 5(SV), 10= Bungoma 4 (SN), 11= Bungoma
5(SN), 12= Kakamega 6 (SN), 13= Bungoma 6(SN), 14= Trans Nzoia 2(SV), 15=
Trans Nzoia 3(SN), 16= 2 Bungoma 7 (SS), 17= Bungoma 8 (SN),18= Trans Nzoia
4 (SS), 19=Bungoma 9(SV),20= Kakamega 7 (SN), 21=Kakamega 8 (SN)22=
Trans Nzoia 5 (SN), 23= Trans Nzoia 6 (SN), 24= Kakamega 9(SS), 25= Bungoma
10 (SV), 26= Trans Nzoia 7(SV), 27= Trans Nzoia 8(SV), 28= Kakamega 10(SNO,
29= Trans Nzoia 9 (SN), 30=Trans Nzoia 10(SN).(SN-Solanumnigrum, SV-
Solanumvillosum, SS-Solanumscabrum)
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Apendix H: PCR products amplified with primer CA 158 and visualized under
UV light.

13 L 12 11 10 9 8 7 6 5 4 3 2 1

PRIMER CA 158

S p— e S S —

23

PRIMER CA 158

1= Bungoma 1 (S.N), 2= Kakamega 1(S.V), 3= Trans Nzoia 1 (SN), 4= Bungoma
2(SN), 5= Kakamega 2(SS), 6= Bungoma 3 (SS), 7=Kakamega 3 (SS),8=
Kakamega 4(SV), 9= Kakamega 5(SV), 10= Bungoma 4 (SN), 11= Bungoma
5(SN), 12= Kakamega 6 (SN), 13= Bungoma 6(SN), 14= Trans Nzoia 2(SV), 15=
Trans Nzoia 3(SN), 16= 2 Bungoma 7 (SS), 17= Bungoma 8 (SN),18= Trans Nzoia
4 (SS), 19=Bungoma 9(SV),20= Kakamega 7 (SN), 21=Kakamega 8 (SN)22=
Trans Nzoia 5 (SN), 23= Trans Nzoia 6 (SN), 24= Kakamega 9(SS), 25= Bungoma
10 (SV), 26= Trans Nzoia 7(SV), 27= Trans Nzoia 8(SV), 28= Kakamega 10(SNO,
29= Trans Nzoia 9 (SN), 30=Trans Nzoia 10(SN).(SN-Solanumnigrum, SV-
Solanumvillosum, SS-Solanumscabrum)
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