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Abstract African leafy vegetables have been recognized for their important contribution in combating malnutrition and hunger in several communities in the sub-Saharan Africa and are also a source of income for the poor-resource farm families. The demand for spider plant (Cleome gynandra) and cowpea (Vigna unguciulta L. Walp) is unsatisfied due to the poorly adapted low yielding farmers' cultivars. Information on basic cytogenetic and reproductive properties, and the extent of genetic variability are prerequisites for genetic improvement. This study therefore, focused on the genetic diversity assessment and evaluation of the agronomic performance of spider plant and cowpea entries, analysis of the cytological basis and reproductive biology of spider plant, and analysis of nutritional content in spider plant. Thirty spider plant entries and fifteen cowpea entries from six African countries were used in this study. The entries consisted of advanced lines, gene bank entries from the WorldVeg, Arusha, Tanzania and farmers' cultivars collected directly from the farmers in Kenya Amplified fragment length polymorphism (AFLP) and simple sequence repeat (SSR) markers were used. The SSR markers for spider plant analysis were designed from Illumina MiSeq sequence data from one of the entries, HTT-Select, while those of cowpea were obtained from previous publications. For the final genetic diversity analysis, combined matrix data for 499 polymorphic bands of the 11 AFLP and 9 SSR markers for spider plant and 544 AFLP and 18 SSR markers for cowpea were used giving genetic distances of 0.13 - 0.77 and 0.002 - 0.193 for spider plant and cowpea, respectively. The SSRs revealed heterozygosity values of 0.60 and 0.037 for spider plant and cowpeas respectively. Entries for both crops could not be fully resolved neither according to country of origin. Farmers' cultivars however grouped apart from the advanced lines and gene bank entries. An assignment of most of the entries into entry specific clades was possible for cowpea but not for spider plant. The agronomic traits evaluated in the field in Kenya showed significant differences for some of the traits for both crops. In spider plant, no or only low levels of self-incompatibility were determined from the seed set analysis and pollen tube growth observed on the stigma and in the style under a fluorescence microscope after self- and cross pollination in the greenhouse. A further analysis of pollen germinability in vitro showed at least 60% pollen germinability for all the entries. Ploidy determination and the genome sizes estimation of the spider plant entries by flow cytometry revealed that the entries were all diploid with a relatively small genome size of approximately 1.19 pg/1C. A chromosome count in root tips of one of the entries (GS-Sel) showed a chromosome number of 2n=34.  Glycosides of quercetin, kaempferol and isorhamnetin were identified as the main flavonoids in the leaves and flower using high performance liquid chromatography (HPLC) after methanol extraction. Glucosinolates were determined as desulfo-glucosinolates and separated using ultra high pressure liquid chromatography (UHPLC). The aliphatic glucosinolate 3-hydroxypropyl glucosinolate was the main glucosinolate in all the plant organs analysed. High mineral concentrations in the leaf tissue 
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were observed using an inductively coupled spectrophotometer (ICP-OES) especially for potassium, calcium, magnesium, phosphorus, iron, manganese and zinc. Farmers’ cultivars could be considered as a source of genetic variation for both spider plant and cowpea. The nutrient analysis of the spider plant could be used to promote spider plant consumption among the sub-Saharan population for improved health. Further single plant analyses are necessary to identify the variations between the genotypes.  Keywords: African leafy vegetables, Cleome gynandra, genetic diversity, minerals, secondary metabolites, Vigna unguiculata.  



                                                                                                            Zusammenfassung 

v  

Zusammenfassung Einheimischen afrikanischen Blattgemüsearten wird zunehmend Beachtung geschenkt, weil sie einen wichtigen Beitrag zur Vermeidung von Mangelernährung in vielen Regionen Afrikas südlich der Sahara leisten und eine wichtige Einkommensquelle für arme Kleinbauern darstellen. Die Nachfrage nach Spinnenpflanzen (Cleome gynandra L.) und Kuhbohnen (Vigna unguiculata L. Walp) als Blattgemüse kann oft nicht befriedigt werden, weil nur wenig entwickelte lokale Bauernrassen mit geringen Erträgen verwendet werden. Informationen zu zytogenetischen und Reproduktionseigenschaften und zum Ausmaß genetischer Variabilität sind wichtige Voraussetzungen für eine züchterische Verbesserung. In dieser Arbeit wurden deshalb Untersuchungen zur genetischen Diversität sowie zur agronomischen Leistung verschiedener C. gynandra und V. unguiculata Akzessionen sowie zu zytologischen und reproduktionsbiologischen Grundlagen von C. gynandra vorgenommen. Dazu fanden 30 C. gynandra und 15 V. unguiculata Akzessionen Verwendung, darunter entwickelte Linien, Genbankakzessionen vom World Vegetable Center (Arusha, Tansania) und lokale Rassen, die direkt bei Bauern in Kenia gesammelt worden waren. Amplified Fragment Length Polymorphism (AFLP) und Simple Sequence Repeat (SSR) Marker wurden für die Bestimmung der genetischen Diversität verwendet. Die SSR Marker für C. gynandra wurden von Illumina MiSeq Sequenzdaten einer Akzession (HTT-Select) abgeleitet, während sie für V. unguiculata aus der Literatur übernommen wurden. Daten für 499 polymorphe Banden von 11 AFLP und 9 SSR Markern für C. gynandra und 544 AFLP sowie 18 SSR Markerbanden für V. unguiculata gingen in die Auswertung ein und resultierten in genetischen Distanzen von 0,13 – 0,77 für C. gynandra und 0,002 – 0,193 für V. unguiculata. Die SSR Marker ergaben Heterozygotiewerte von 0,60 für C. gynandra und 0,037 für V. unguiculata. Die Akzessionen konnten bei beiden Arten nicht vollständig getrennt werden, auch nicht nach ihren Herkunftsländern, lediglich die Bauernrassen bildeten eine von den entwickelten Linien und Genbankakzessionen getrennte Gruppe. Im Gegensatz zu C. gynandra fielen bei V. unguiculata die meisten Akzessionen in eigene Kladen. Für einige agronomische Eigenschaften, die in einem Feldversuch in Kenia erfasst wurden, wurden bei beiden Arten signifikante Unterschiede festgestellt.  Aus Beobachtungen zum Samenansatz und zum Pollenschlauchwachstum nach Selbstbestäubungen und Kreuzungen im Gewächshaus bei C. gynandra wurde abgeleitet, dass keine oder nur gering ausgeprägte Selbstinkompatibilität vorlag. Die In-vitro-Keimfähigkeit des Pollens lag bei allen Akzessionen über 60 %. Die Ploidiestufe und die Genomgröße wurden durchflusscytometrisch bestimmt und mit dem Errgebnis, dass alle C. gynandra Akzessionen diploid waren mit einem relativ geringen DNA-Gehalt von 1.19 pg/1C. In Wurzelspitzen einer Akzession (GS-Sel) wurde eine Chromosomenzahl von 2n=34 ermittelt.  
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Mittels High Performance Liquid Chromatography (HPLC) nach Methanolextraktion wurden Glycoside von Quercetin, Kämpferol und Isorhamnetin als Hauptflavonoide in Blüten und Blättern von C. gynandra identifiziert. Glucosinolate wurden als Desulfo-Glucosinolate nach Auftrennung über Ultra High Pressure Liquid Chromatography (UHPLC) bestimmt: das aliphatische 3-Hydroxypropyl Glucosinolat wurde als Hauptglucosinolat in allen Pflanzenorganen nachgewiesen. In Blättern wurden zudem hohe Mineralstoffgehalte, vor allem für Kalium, Kalzium, Phosphor, Eisen, Mangan und Zink, über Inductively Coupled Spectrophotometry (ICP-OES) ermittelt. Bauernrassen können als wichtige Quelle genetischer Variabilität sowohl für C. gynandra als auch V. unguiculata angesehen werden. Die Analysen der wertgebenden Inhaltsstoffe bei C. gynandra bestätigen den ernährungsphysiologischen Wert dieser Pflanze für die Bevölkerung in Subsahara-Afrika.  Schlagwörter: Afrikanische Blattgemüse, Cleome gynandra, genetische Diversität, Mineralstoffe, Sekundärmetabolite, Vigna unguiculata.  
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1. Introduction 1.1. African leafy vegetables African leafy vegetables (ALVs) have been used in the sub-Saharan Africa (SSA) as food and traditional medicine for generations(Smith & Eyzaguirre, 2007). The most important are Solanum spp., Amaranthus spp., and Corchorus genera, spider plant (Cleome gynandra), Brassica carinata and cowpea (Vigna unguciulata), but others such as pumpkins and cucurbits are also included (Abukutsa-Onyango, 2007; Van Rensburg et al., 2004). They are indigenous to SSA and are well adapted to the climatic conditions in these regions. They have also received little research attention at least until recently but a resurgence of interest during the past years is evident due to the growing awareness about the health promoting and protecting property of the bioactive compounds found in the ALVs (Smith and Eyzaguirre, 2007). Besides, they are also rich in minerals and proteins(Abukutsa-Onyango, 2007; Odhav et al., 2007) and have started to be also studied for their secondary metabolites with antioxidant effect which are important for prevention of chronic diseases (Mibei et al., 2012; Neugart et al., 2017). The ALVs were initially considered as poor man's food and generally collected from the wild in lean seasons of main crop failure and drought. In fact, the frequency of consumption dropped over the years since they were considered inferior in taste and nutrition compared to the exotic vegetables (Weinberger and Msuya, 2004). Cultivation of the crops is progressively increasing beyond kitchen garden to a large scale production for the larger markets in the urban and peri-urban areas (Ndenga et al., 2013; Gevorgyan et al., 2016; Vorster et al., 2008). Species preference is also influenced by gender, age, cultural background and geographical location (Van Rensburg et al., 2004; Kimiywe et al., 2007). The likelihood of adoption of the ALVs was reported to decreases with age (Krause et al., 2017). One reason for this could be that older persons have more knowledge about AIVs(Modi et al, 2006). Cultivation area of the ALVs has increased significantly, for instance, in Kenya the area under ALVs increased by 6% while the yields and value increased by 6% and 10%, respectively, in 2014(HCDA, 2014). The demand in Nairobi alone for instance was estimated at 3,600 - 4,500 tons of ALVs which translates to an income of about Ksh 45 million (Muhanji et al., 2011). These vegetables therefore, hold tremendous potential for improving food security, nutritional intake and economic welfare in sub-Saharan Africa where under-nutrition and under-employment is prevalent (FAO, IFAD, & WFP, 2015). The production of the ALVs are still faced by a number of constraints which call for urgent research investment. These constraints include seed availability, variability in seed quality, lack of seed selection for uniformity of desired traits, plant pests and diseases, marketing, processing and storage (Abukutsa-Onyango, 2007; Smith and Eyzaguirre, 2007; Vorster et al., 2008).  
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1.2. Project cooperation Horticultural innovation and learning for improved nutrition and livelihood in East Africa (HORTINLEA) This study has been conducted as part of a cooperation in a multi-disciplinary project HORTINLEA (http://www.hortinlea.org) among several Kenyan and German institutions together with the World Vegetable Center, Eastern and Central Africa based in Arusha, Tanzania. The project was financed by the German Federal Ministry of Education and Research (BMBF) and the German Federal Ministry of Economic Cooperation and Development within the programme "GlobE- Global food security" and national research strategy BioEconomy 2030. The main focus of the project was to strengthen the production of African indigenous vegetables (AIVs), which has a potential to address pressing challenges of under-nutrition, poverty and sustainability among vulnerable people in rural and urban areas of Kenya. The species under investigation include spider plant (Cleome gynandra), cowpea (Vigna unguciulata), Amaranthus spp., Ethiopian kale (Brasicca carinata) and African nightshade (Solanum scabrum). This dissertation focuses on spider plant (Cleome gynandra) and cowpea (Vigna unguciulata). The cowpea investigation has formed the master thesis of Max Menssen. Cowpea is an autogamous species and has also been well studied before compared to spider plant. 1.3. Spider plant (Cleome gynandra (L) Briq.) 1.3.1. Taxonomy and botanical description Spider plant (Cleome gynandraL.) is also known as cat's whiskers, spider flower, spider wisp, African cabbage or Gynandropsis gynandra L. Briq. Other common names exist for different dialects in African countries for the communities that grow spider plant e.g. Kenya - mkabili, dek, Chinsaga; Malawi - Brede caya, pissat des chiens; Tanzania - ekeyo, eshogi, ekaboi; South Africa - Tamaleika, akaki, ziri; Germany - Senfkapper, Benzoinbaum, Fieberstrauch (Chweya and Mnzava, 1997). It is a herbaceous annual plant belonging to the botanical family Cleomaceaeas has been suggested by phylogenetic studies (Hall et al., 2004) and is now widely accepted as opposed to the earlier traditional classification in subfamily Cleomoideae of Capparaceae. The Cleomaceae is related to Brassicaceae family to which the model plant Arabidopsis thaliana and other brassica vegetables belong. Cleome is the largest genus in Cleomaceae according to Hall et al., (2002) with approximately 200-250 species and about 50 occurring in Africa. Spider plant is erect and grows up to about 150 cm tall, is strongly branched, has a long tap root and a few secondary roots with root hairs. The stems and leaf petioles are thickly haired but glabrous in very few occasions, the stem and petiole colourations vary from green to purple, the leaf always has 3-7 leaflets with 5 leaflets being common (Chweya and Mnzava, 1997; Masuka et al., 2012; Wasonga et al., 2015) (Figure 1A). Cleome flowers form a terminate raceme. The flowers are white but 
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sometimes tinged with purple (Figure 1B). The flower may have long or short stamens, and long or short gynophores making Cleome flowers resemble a ‘spider’, hence its common name is ‘spider flower’. Spider plant flowering stops further leaf formation, usually after about three to five weeks after planting (Chweya and Mnzava, 1997).The fruits are long, slender, green or yellow (when ripe)siliques with seeds inside (Figure 1C). The fruits occur in zones at the inflorescence stalk, alternating with non-fruited sterile zones, hence it’s other common name is ‘cat’s whiskers’ (Chweya and Mnzava, 1997).The seeds are small, black, round resembling the shell of a snail with a rough surface (Figure 1D). 

 Figure 1:Spider plant morphology A- plant starting to flower after four weeks in the greenhouse; B-Inflorescence; C-Siliques; D-seeds. The spider plant flower is usually hermaphroditic but occasionally staminate or pistillate (Figure 2A), a phenomenon that has also been observed in a related specie Cleome viscosa L. (Saroop and Kaul, 2015).The staminate or pistillate flowers usually don't set seed. Only flowers with elevated stigma set seed upon pollination by fertile pollen grains. In the field, pollination is predominantly carried out by bees. Buds with unelongated gynophores lack normal seeds in the ovary. Different developmental stages of the flower till anthesis are shown in Figure 2B. 



                                                                                                         General introduction 

4  

 Figure 2: Staminate flower (left) and pistillate flower (right) (A); developmental stages of a spider plant flower (B). Gibberellic acid (GA3), dark treatment and temperatures ranging between 20° and 30° C may improve the germination of the spider plant seed(Motsa et al., 2015; Sowunmi and Afolayan, 2015a; Ochuodho and Modi, 2006). Pre-heating the seeds at 40° C for 1-5 days was found effective for breaking the dormancy after studying the effects of different treatments including pre-chilling, soaking, treatment with various concentrations of GA3, KNO3, leaching and pre-heating at various temperatures. Viable seeds take up to approximately 5 days to germinate (Ekpong et al., 2009). Cleome gynandra is a C4 plant as has been demonstrated since it possesses traits that are associated with this type of photosynthesis such as increased venation in the leaves, large bundle sheath (BS) cells, proliferation of the mitochondria and chloroplasts, and accumulation of transcripts and proteins needed for C4 photosynthesis (Marshall et al., 2007).The genus Cleome, generally, provides a potential model for the study of the progression from C3 to C4 photosynthesis since some of the C3 species have shown some of the traits associated with C4 photosynthesis (Marshall et al., 2007). This is enables spider plant to survive in drier and hot environment and explains it's spread in the sub-tropical regions. Chweya& Mnzava, (1997) reviewed chromosome numbers of 2n=18, 20, 22, 32 and 34 for samples of the genus Cleome from Asia and South America. An ancestral chromosome base number of x=10 is proposed in the genus Cleome. Cleome gynandra is assumed to have resulted from the duplication of the chromosome base number to x=20 and a subsequent karyotype reduction to x=16-17 (Inda et al., 2008). 1.3.2. Distribution and cultivation. Spider plant (Cleome gynandra) is believed to have originated in tropical Africa and Southeast Asia and later widely distributed in the warm tropical and subtropical regions where they were regarded as weeds but have now been domesticated (Chweya and Mnzava, 1997). In Africa, it is widespread mostly in Eastern (Kenya, Tanzania, Uganda, Rwanda) and Southern Africa (South Africa, Malawi, 
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Namibia and Zimbabwe) (Masuka et al., 2012; Wasonga et al., 2015)with some occurrences in West African (Kiebre et al., 2015). Spider plant grows well within an altitude range of sea level to about 2400 meters with warm temperatures ranging from about 18° to 25° C. The plant can survive water shortage and hence can thrive well in areas of short rains, however prolonged drought stress may hasten flowering and senescing thereby reducing yield and quality (Chweya and Mnzava 1997). It grows fast with the seeds germinating within a week and harvesting may begin six weeks after sowing. The crop is adapted to many soil types but grows especially in well drained sandy loam or clay loam soils (Chweya and Mnzava, 1997). Spider plant is seed propagated. The seeds are usually sown directly into the soil by drilling holes or broadcasting on the soil surface. Shallow planting holes are recommended to reduce emergence failure and seed rot under the soil. Thinning after about three weeks is necessary for proper sharing of nutrient for excellent growth and yield. Nitrogenous fertilizers have been applied for good yield although well decomposed farm yard or compost manure are commonly used by farmers or in small kitchen gardens in the urban areas (Abukutsa-Onyango, 2007). The farm yard and compost manure give better yields compared to the fertilizers since they additionally improve the water holding capacity of the soil, cation exchange and soil structure. Twenty kilograms of farmyard manure per square meter is recommended or 200 g diammonium  phosphate fertilizer per m2 is recommended at planting (Chweya and Nzava, 1997; Mauyo et al., 2008).  Harvesting of spider plant is by topping, cutting at the ground level or uprooting the whole plant, but picking off individual leaves or leafy branches periodically until the plant senesces is the most common. The picking period may last for several weeks (Chweya and Nzava, 1997). In several cases the crop has been cultivated by intercropping with other main crops such as maize. 1.3.3. Uses and economic importance Spider plant has been part of the traditional food systems in the sub-Saharan Africa for many generations and thus is considered to be a traditional leafy vegetable. Mainly leaves are eaten but sometimes also the whole shoots or even the flowers. Several studies have indicated that spider plant leaves are highly nutritious and rich in vitamins especially A and C, and mineral elements especially calcium and iron (Jinazali et al, 2017;van Jaarsveld et al., 2014; Odhav et al., 2007; Nesamvuni et al., 2001). Vitamin C is reported to be significantly higher in mature leaves than in younger leaves of spider plant (Ayua et al., 2016). Spider plant is usually eaten after brief cooking but also uncooked dried grinded leaves are incorporated in weaning food. Sometimes they are mixed with other vegetables or cooked by adding some milk to neutralize its bitter taste (Abukutsa-Onyango, 2007; Chweya and Mnzava, 1997). Spider plant is also forage to herbivores in the wild grazing land. Besides being food, spider plant has also been used as traditional medicine over generations to treat different ailments among local communities. Dried leaves are used to make concoction for ailments and conditions (Chinsembu, 2016; Shanmugam et al., 2012; Chweya and Mnzava, 1997). 
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It contains glucosinolates and their hydrolysis products which are attractants to specialists pests on cruciferous plant and hence spider plant has been used as a trap crop (Zedler et al., 2016). Its volatile compounds are also repellants to cattle tick larvae and diamond back moths larvae attacking cabbages (Chweya and Mnzava, 1997; Nyalala and Grout, 2007; Nyalala et al., 2011). Spider plant also has a potential as a biofumigant against weeds during lawn establishment (Chongori et al., 2016).Cleome gynandra extracts is also used as an antifungal for the treatment of Tinea capitis (Imanirampa and Alele, 2016). Small scale cultivation of the spider plant as intercrops for small markets for sale hence a source of income. Most of the cultivation is done by rural women who also allocate most of the land for the ALV cultivation compared to men (Dinssa et al., 2016; Ndengwa et al., 2013). 1.3.4. Pests and diseases Some of the pests and diseases in spider plant have been reported from unpublished data. The fungal diseases in spider plant include powdery mildew (Sphaerotheca fuliginea, Oidiopsis taurica) and leaf spot (Cercospora uramensis). The crop is also attacked by Cabbage aphid (Brevicoryne brassicae) which causes stunted growth and wrinkling of the leaves and growing tips. The aphid also spreads virus diseases. The hurricane bug (Bagrada spp.) may similarly affect spider plant especially in dry periods (Chweya and Mnzava, 1997; Dinssa et al.,2016). This bug is however easily controlled by insecticides. Spider plant is also attacked by other insects such as flea beetles and other insects and worms harbored in the seed that consume the young seeds. The roots are also prone to root-knot nematodes (Meloidogyne spp.) attacks (Chweya and Mnzava, 1997; Dinssa et al.,2016). Young seeds are eaten by weaver birds (Chweya and Mnzava, 1997). 1.3.5. Breeding goals for spider plant Generally, studies on various ALVs are now being undertaken to tap their health benefits and to improve these vegetables in terms of resilience to various stress conditions and to improve the yields. Inclusivity of vegetable producer target groups, commercial producers and small- holder farmers in breeding program has been identified as important. This kind of participatory plant breeding exploits both specifically and widely adapted genotypes as well as to target users. It further helps to maintain genetic diversity, stemmed from different areas preferring different genotypes, for sustainable production (Fufa et al. 2007).Concerns have also been raised about eliminating the traits such as disease resistance that make these vegetables so desirable in the first place (Cernansky, 2015). According to Dinssa et al., (2016) specific breeding objectives would vary among the ALVs depending on environmental conditions and consumer demand and this might apply within the spider plant where different morphotypes occur. Some of the major breeding goals for spider plant include (i) yield since the existing farmers' cultivars show scanty leafing, (ii) time to maturity. Early maturity to first harvest and a long production cycle for repeated harvesting as important traits in traditional 
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vegetables (Adeniji and Aloyce, 2012; Keller, 2004; Weinberger and Msuya, 2004), (iii) Late flowering varieties of spider plant would be preferable for vegetable production since flowering halts leafing in spider plant, (iv) water use efficiency to enable production in water shortage conditions/ seasons, (v) pure line of uniform plant types in terms of colour of stems/leaf petioles to target different traditional preferences and ages with respect to bitterness, (vi) longer shelf-life. Leafy vegetables especially spider plant have short shelf-life that limits time available in marketing them(Dinssa et al., 2016; Gevorgyan et al., 2016) which calls for multidisciplinary approach between breeders and postharvest specialists to improve the shelf-life of the crop. 1.4. Cowpea (Vigna  unguciulata) Cowpea is a member of the family Fabaceae native to Africa (Padulosi and Ng, 1997). Two centers of primary domestication of cowpea, Zambezian region in East Africa and West Africa, were proposed by Ng and Marechal, (1985) and later supported by Baudoin and Marechal, (1985) who also suggested that South Eastern Asia could be a secondary center of diversity following the occurrences of cultigroups Sesquipedalis and Biflora in this region. Only a few samples of the wild might have been domesticated (Vaillancourt & Weeden, 1992) and the domesticated cowpea is characterized by large seeds and non-shattering pods compared to the wild cowpea (Kouam et al., 2012). Cowpea is mainly grown in tropical and sub-tropical areas including Africa, Asia, south America, Southern parts of Europe and the United States (Singh, 1997). It is a diploid plant with 2n = 2x = 22 chromosomes and a total nuclear DNA content of 1.27 pg/2C. The genome size of cowpea is stated with 620 Mbp (Chen et al., 2007). Cowpea mainly treated as highly self-pollinating plant owing to is flower structure (cleistogamous) and the simultaneous activities of pollen shedding and stigma receptivity (Ehlers and  Hall, 1997) but outcrossing has also been observed in some subspecies (Kouam et al., 2012; Pasquet, 1999). It is used as a vegetable crop as green or dry fodder. Dry seeds of cowpea are also used for food and contain 20-25% protein, 1.8% fat, 60.3% carbohydrate and are rich sources of iron and calcium (Timko & Singh, 2008). It's  atmospheric nitrogen fixing ability is extremely valuable when it is cultivated with cereal crops in crop rotation system (Timko & Singh, 2008). Cowpea (Vigna unguiculata) is able to perform well even under low moisture conditions, moreover, its genome share a high degree of collinearity with other warm season legumes such as common bean (Phaseolus vulgaris L.) (Muñoz-Amatriaín et al., 2016; Vasconcelos et al., 2015). The main breeding goals in cowpea are to develop lines with high grain yield potential, resistance to biotic stresses, tolerance to abiotic factors and adaptation to major production agro-ecologies (Boukar et al., 2016). From over 15, 000 accessions of cultivated cowpea and more than 2000 wild relatives maintained at the International Institute of Tropical Agriculture (IITA) genetic resources center, about 20 breeding lines were released in approximately 10 countries between 2005 and 2015, many of the new varieties 
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having a combination of high grain yield and resistance to striga (Striga hermonthica) (Boukar et al., 2016). 1.5. Genetic diversity studies Genetic diversity studies quantify the extent of genetic variation or relatedness within or between populations, species or individuals (Hughes et al., 2008). Genetic diversity studies have generated important information to facilitate efforts in germplasm conservation and guidance for better germplasm use during in crop improvement (Fu, 2015). Genetic diversity is key for providing genetic barriers against different biotic and abiotic stress factors that threaten survival of organisms in different environments (Hajjar et al., 2008; Hughes and Stachowicz, 2004; King and Lively, 2012).Genetic diversity is determined by factors such as domestication, selection, breeding among others (Christiansen et al., 2002; Rauf et al., 2010). 1.5.1. Genetic markers The assessment of genetic diversity has applied the analysis of classical markers such as morphology, physiology, biochemical markers and the most recently used DNA or molecular marker (Govindaraj et al., 2015; Weising et al., 2005). The morphological markers are based on visually accessible traits, for instance, flower characteristics, growth habit and pigmentation, and seed traits. The morphological markers are cheap but on the other hand require large pieces of land for the experiments and are also influenced by environmental factors (Fu, 2015; Govindaraj et al., 2015). Biochemical markers are allelic variants of enzymes called isozymes that are detected by electrophoresis with specific staining (Govindaraj et al., 2015).DNA or molecular markers show variations at different positions of the chromosomes and they arise from deletions, duplications, inversions or insertions(Govindaraj et al., 2015; Hughes et al., 2008). They are broadly classified as PCR or non-PCR based. The restriction fragment length polymorphism (RFLP) is non-PCR based while amplified fragment length polymorphism (AFLP), single nucleotide sequence repeats (SSR) and random amplified sequence repeats (RAPD) require a PCR reaction and are much more informative than RFLP.  The robust informative AFLP and SSR makers were used in this study. 1.5.1.1. Amplified fragment length polymorphism (AFLP) Amplified fragment length polymorphism (Vos et al., 1995) is based on the selective PCR amplification of restricted fragments from genomic DNA. Three steps involved are digestion of the genomic DNA and ligation of nucleotide adapters, selective amplification of the digested fragments and finally the gel analysis of the amplified fragments (Figure 3). Polymorphisms between genotypes shown by AFLPs may arise either from sequence variation in one or both restriction sites flanking a particular fragment, insertions or deletions within an amplified fragment or the differences in the nucleotide sequences immediately adjacent to the restriction sites (Weising et al., 2005). 
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 Figure 3: Amplified fragment length polymorphism mechanism (Weising et al., 2005). (i) Genomic DNA is digested with two restriction enzymes (here EcoRI and MseI) followed by specific or non-specific adapters ligation to fragments (ii) Two successive PCRs are then performed using specific or non-specific primer pairs and usually one of the primers is labeled by a radioisotope or a fluorochrome (indicated by a star). (iii) Amplification products obtained by the second, selective PCR are separated on sequencing gels.  The AFLP is a dominant marker, laborious due to the many steps to produce results, costly due to additional chemicals required and is more sensitive to the DNA quality and quantity. However, it possesses several advantages such as no prior sequencing information is required, it is able to simultaneously screen DNA regions that are randomly distributed over the whole genome and is reliable and reproducible(Semagn, et al., 2006; Mueller and Wolfenbarger, 1999).  1.5.1.2. Simple sequence repeats (SSR) Simple sequence repeats (SSRs), also referred to as microsatellites, are tandem repeats of short DNA sequence motifs. They were first studied in humans (Hamada et al, 1982; Weber & May, 1989) but 
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have also now been found in other eukaryotes including plants and animals (Estoup et al., 1993; Morgante and Olivieri, 1993)and prokaryotes (Van Belkum et al., 1998; Field and Wills, 1996; Gur-Arie et al., 2000). They are may be classified based on their sizes (number of nucleotide per repeat unit), the nature of the repeat unit or their position in the genome (Miah et al., 2013). Based on the sizes they may be classified as mono-, di-, tri-, etc (Kalia et al., 2011).Based on the arrangement of the repeat units within the motif, they may be referred to as perfect, imperfect or compound according to Weber (1989) while Wang et al. (2009) coined the terms simple perfect, simple imperfect, compound perfect and compound imperfect. While perfect repeats are continuous repeats of single motifs, imperfect repeats are perfect repeats interrupted by non-repeat sequences. Compound repeats consists of two basic repeat motifs in different configurations. Based on the SSRs location, they may be referred to as nuclear (nuSSRs), mitochondrial (mtSSRs) or chloroplastic (cpSSRs) (Kalia et al., 2011). The illustrations of these classification is shown in Table 1. Table 1: Classification of simple sequence repeats Based on the nucleotides arrangement in the repeat motifs Pure or perfect or simple perfect (CA)n Simple imperfect (AAC)n ACT (AAC)n + 1  Compound or simple compound (CA)n (GA)n Interrupted or imperfect or compound imperfect (CCA)n TT (CGA)n + 1 Based on the number of nucleotides per repeat  Mononucleotide (A)n Dinucleotide (CA)n Trinucleotide (CGT)n Tetranucleotide (CAGA)n Pentanucleotide (AAATT)n Hexanucleotide (CTTTAA)n (n = number of variables) Based on location of SSRs in the genome  Nuclear (nuSSRs)  Chloroplastic (cpSSRs) Mitochondrial (mtSSRs) Adopted from Miah et al.(2013) with some modifications. Simple sequence repeats are distributed throughout the genome and are highly polymorphic (Tautz and Renz, 1984). They are also inherited in a codominant manner and because most of the SSRs are resident in the noncoding DNA, they may be assumed to be selectively neutral (Weising et al, 2005). SSRs allow unambiguous allele assignment and have a high degree of reproducibility. They also require low amounts of template DNA that does not need to be of high quality. The major drawbacks of these markers is the time and cost of developing the species specific primers that demand sequence information.  Simple sequence repeats may be readily available from DNA sequences for a species under investigation in public databases or may be transferable from already developed microsatellites from a related species. They can also be developed by screening libraries of clones (McCouch et al., 1997). The mutations of the SSRs occur through strand slippages during DNA replication (Tautz and Renz, 1984). Slippage implicates mispairing of the newly replicated strand during the replication process 
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and most often involves gain or loss of a single repeat unit. As molecular markers, polymorphisms between the alleles in the tandem repeats are detected by PCR amplification of the nuclear or organellar microsatellite using flanking primer (sequences of the repeat-flanking regions the SSR). The PCR products are then separated on a denaturing polyacrylamide gels and visualized by autoradiography or stains such as ethidium bromide or silver. In this study, Infra-red dye (IRD 700 and IRD 800) were used the PCR products on denaturing polyacrylamide gels. Further discussions of the working mechanisms, potentials and limits of the molecular markers are discussed here in chapter 2.1.  1.5.2. Evaluation of genetic diversity The molecular marker data are finally evaluated using various statistical methods to translate it into a meaningful biological information such to assess the of genetic diversity or relatedness. A summary of the commonly used metrics to measure diversity among genotypes using molecular markers are defined in Table 2.  Table 2: Commonly used metrics for measuring genetic diversity. Source of data Metric of diversity Definition Molecular marker data Allelic diversity (A) The number of alleles per locus, averaged over all loci tested.  Nucleotide diversity (π) The average number of nucleotide differences per site between two random individuals selected from a population Allelic richness Average number of alleles per locus Genotypic richness The number of genotypes within a population Heterozygosity The average proportion of loci that carry two different alleles at a single locus within an individual Mutational diversity and effective population size (θ) A measure of nucleotide diversity that provides a combined measure of effective population size (Ne) and mutation rate (µ). Q is typically calculated using Watterson's estimator (θ =4Neµ), which is equal to the expected number of segregating sites between two genotypes Percentage polymorphic loci The percentage of loci that are polymorphic. Continuous traits e.g morphological Coefficient of genetic variance (CV) Genetic variance in a trait (VG) corrected by the trait mean, calculated as (VG0.5 ⁄meantrait) x100%. Genetic variance (VG) The variance in a phenotypic trait among individuals due to genetic differences. Heritability The ratio of the genetic variance to the total phenotypic variance in the population (Fu, 2015; Hughes et al., 2008; Weising et al., 2005) Allelic diversity (A) is sensitive to sample size since the larger the sample size, the higher the chances of detecting new (rare) alleles. 
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 Equation 1: Calculation of allelic diversity (A). Pi is the frequency of each allele observed across all investigated loci Allelic richness provides a more sensitive tool for detecting genetic bottlenecks with microsatellite markers than the more commonly used allelic evenness measures such as heterozygosity (Greenbaum et al., 2014) Most of the statistical analysis are based on genetic distances and similarity indices (coefficients of similarity). The indices are calculated from band sharing data and are able to quantify the genetic variations between pairs of samples (pairwise similarity/ distance) which are afterward applied in multivariate analyses. Some of the commonly applied coefficients of similarity include: Dice's coefficient This is also commonly referred to as Nei and Li’s coefficient(Nei and Li, 1979). It is calculated as:  Equation 2: Dice coefficient formula. Where na and nb represent the numbers of bands present in lanes a and b, respectively, and nab represents the number of bands shared by both lanes. S has a value between 0 and 1, where 0 means no bands in common, and 1 means patterns are identical. Jaccard's coefficient Jaccard's coefficient (Jaccard, 1901) is calculated as:   Equation 3: Jaccard's coefficient. Where na and nb represent the numbers of bands present in lanes a and b, respectively, and nab represents the number of bands shared by both lanes. SJ has a value between 0 and 1, where 0 means no bands in common, and 1 means patterns are identical.        

SJ= 2nab na +nb- nab 
S= 2nab na +nb 

Ae= 1 Ʃpi2 



                                                                                                         General introduction 

13  

Simple matching coefficient Simple matching coefficient is calculated as:  Equation 4: Simple matching coefficient. where, nab represents the number of bands shared by both lanes, nAB represents the total number of bands that are absent in both lanes a and b (but present in some other lanes), and N is the total number of bands (De Riek et al., 1999). Generally, Dice's and Jaccard's are commonly used and have been reported to give the most consistent outcome (Maguire and Sedgley, 1997). 1.5.3. Ordination, clustering and dendrograms. Visual techniques are employed to help interpret the genetic distances. They also help to better visualize the relationships among samples especially when a large number of samples are studied. These techniques simplify the data and also allow as many characters as possible to be used to differentiate the samples under study. One of the major applications is to help selecting a smaller core collection with preserved genetic diversity from a larger collection (Liu et al., 2015; El Bakkali et al., 2013; Shashidhara et al., 2003). Principal coordinate analysis (PCoA), principal component analysis (PCA) and conical variates (CVA) analysis are the most commonly used ordination methods. While the starting point for PCA is the data matrix derived from the presence or absence of all the bands, the data matrix for the PCO is derived from the distances (or similarities) between the samples (Weising et al., 2005). Dendrograms can additionally show the phylogenetic (evolutionary history) relationships among samples in study. Three main methods for dendrogram construction include distance methods (Cluster analysis, or phenetic methods), parsimony methods and the maximum likelihood (ML) method. The distance based method starts from the pairwise distance data matrix from the raw data calculated using either the Dice or Jaccard algorithms. The distance method uses a step by step grouping according to the distances until the tree is completed. The resulting dendrogram reflects the phenetic similarities among the unit and is sometimes called a phenogram but does not necessarily reflect phylogenetic relationships. Neighbor-joining (NJ) (Saitou and Nei, 1987) and Unweighted Pair Group Method using Arithmetic average (UPGMA) distance matrix algorithms are frequently used in tree construction using the distance method. UPGMA assumes the same evolutionary rates along all the tree branches unlike NJ algorithm which assumes minimum evolution. Parsimony method (Saitou and Imanishi, 1989) is character based and does not involve distance calculations but rather reconstructs the phylogenetic patterns. It is used to further select and compare only those trees that explain the data set with the smallest number of changes. 

Ss   = nab + nAB N 
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Maximum likelihood (ML) method on the other hand aims at finding the tree with the largest probability that reflects the actual data set on the background of an evolutionary model. The estimation of the statistical support for the individual tree branches is done by various methods such as such as resampling with replacement (bootstrapping) (Felsenstein, 1985), or resampling without replacement (jackknifing and parsimony jackknifing) (Farris et al., 1996; Mort et al., 2000). 1.6. Objectives Spider plant was identified as one of the major strategic ALV crops for breeding at AVRDC Eastern and Southern Africa after Amaranth (leafy type) and African eggplant (fruit type) during a stakeholder priority-setting exercise conducted in 2007/2008 (AVRDC, unpublished data) (Dinssa et al., 2016). The potential has not yet been fully exploited due to the little research attention it has received until recently. Seed system remain a challenge (Vorster et al., 2008). Seed is a key determinant of agricultural productivity in terms of quantity and quality of the output and quality seed has potential to double or even triple the yields of most crops, offering higher value and consumer appeal (CTA, 2014). Development of new varieties of will also broaden the consumers and farmers choice of selection (Cernansky, 2015). Spider plant production has so far been based on poorly-adapted traditional farmers' cultivars (Dinssa et al., 2016). The farmers produced and saved their own seed from season to season and sold the surplus to other growers. Farmers in different localities grow local cultivars that differ from location to location which limit productivity due to different biotic and abiotic factors in these locations (Dinssa et al., 2016). Seed companies did not consider the production and marketing of traditional African vegetables seeds to be a profitable business and mostly concentrated on crops that sufficiently capture a large market size (Afari-Sefa et al., 2011). The production of seeds adapted to each locality is also expensive to seed companies. Insufficient characterization of indigenous vegetables at the morphological and especially at the molecular level causes severe difficulties for gene bank curators and breeders (Ngwediagi et al., 2009). Generally, the genetic diversity studies of various ALVs has been undertaken using molecular markers and morphological traits in the field. Most of the genetic diversity studies have covered cowpea, African nightshade and Amaranth in that order, whereas for spider plant, only a single study using random amplified polymorphic DNA (RAPD) molecular makers to assess genetic diversity of spider plant morphotypes from Western Kenya is reported (K'Opondo et al.,2009). Information on basic physiology and reproduction, genetics and traits for adaptation to different agro-ecologies and various stresses are essential to help improve breeding efficiency. Characterization of germplasm collections for spider plant and cowpea will facilitate utilization by breeders for parental selection in breeding programs and allow for marker-trait associations, paving the way for using molecular breeding techniques such as marker-assisted selection. This information will also be important for germplasm conservation efforts because later on farmers are expected to opt for 
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improved varieties that are be able to produce better quality produce to the markets to replace poor-yielding local varieties. Analysis of the nutritional content of spider plant, especially the secondary metabolites, is necessary since little research based evidence on the profile and richness of secondary metabolites in the ALVs exists (Neugart et al., 2017). To contribute to the overall aim of developing improved varieties and supply farmers with high-quality, affordable seed of spider plant and cowpea vegetable, the following objectives were set out: 1. To analyze the genetic diversity in selected spider plant entries and farmers' cultivars using morphological and molecular markers. i. Development and establishment of molecular markers (Amplified Fragment Length Polymorphism (AFLP) and Simple Sequence Repeat (SSR) markers) for genetic diversity studies ii. Analysis of genetic diversity within the spider plant and cowpea entries. iii. Evaluation of the spider plant and cowpea entries using morphological traits in the field.  2. To analyze the cytological basis and reproductive biology of spider plant. i. Determination of the ploidy levels and DNA content of the selected spider plant entries ii. Assessment of self-compatibility by in vitro pollen germinability, pollen tube development in situ stigma and seed set after pollination experiment. 3. To analyze the nutritional content of selected spider plant entries. i. Determination of mineral element concentrations in the leaves. ii. Identification of secondary metabolites (glucosinolates and flavonoids) in different organs of the spider plant. The thesis is composed of  1. A review manuscript summarizing the use of molecular markers for genetic diversity studies in African leafy vegetables. 2. Mating biology, nuclear DNA content and genetic diversity in spider plant (Cleome gynandra) germplasm from various African countries. 3. Nutritional compound analysis and morphological characterization of spider plant (Cleome gynandra) germplasm from six African countries. Further work involving assessment of genetic and morphological diversity in cowpea (Vigna unguciulata) germplasm is additionally presented in chapter 2 which was the outcome of a co-supervised M Sc. thesis of Max Menssen.   
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2. Publications and manuscripts 2.1. Molecular markers for genetic diversity studies in African leafy vegetables. Emmanuel O. Omondi1, Thomas Debener2, Marcus Linde2, Mary Abukutsa-Onyango3, Fekadu F. Dinssa4, Traud Winkelmann1  1Institute of Horticultural Production Systems, Woody Plant and Propagation Physiology, Leibniz Universität Hannover, Hannover, Germany  2Institute for Plant Genetics, Molecular Plant Breeding, Leibniz Universität Hannover, Hannover, Germany  3Department Horticulture, Jomo Kenyatta University of Agriculture & Technology (JKUAT), Juja, Kenya  4AVRDC - The World Vegetable Center, Eastern and Southern Africa, Arusha, Tanzania Type of authorship First author Type of article Review article Contribution to the article Wrote the paper Contribution of other authors Thomas Debener: Manuscript design and correction Marcus Linde: Manuscript correction Mary Abukutsa-Onyango: Manuscript correction Fekadu F. Dinssa: Manuscript correction. Traud Winkelmann: Revision and writing of parts of the manuscript. Journal Advances in Bioscience and Biotechnology Date of publication 31 March 2016 DOI 10.4236/abb.2016.73017     
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2.2. Mating biology, nuclear DNA content and genetic diversity in spider plant (Cleome gynandra) germplasm from various African countries.  Emmanuel O. Omondi1, Thomas Debener2, Marcus Linde2, Mary Abukutsa-Onyango3, Fekadu F. Dinssa4, Traud Winkelmann1 1Institute of Horticultural Production Systems, Woody Plant and Propagation Physiology, Leibniz Universität Hannover, Hannover, Germany  2Institute for Plant Genetics, Molecular Plant Breeding, Leibniz Universität Hannover, Hannover, Germany  3Department Horticulture, Jomo Kenyatta University of Agriculture & Technology (JKUAT), Juja, Kenya  4AVRDC - The World Vegetable Center, Eastern and Southern Africa, Arusha, Tanzania Type of authorship First author Type of article Research article Contribution to the article Designed and performed all experiments Analysed data Preparation of tables and figures Wrote the manuscript Contribution of other authors Traud Winkelmann was involved in the conception of the study, preparation of the tables and figures and writing of the aims Thomas Debener, Marcus Linde assisted in experimental design, data analysis and writing the manuscript. Mary Abukutsa-Onyango and Fekadu F. Dinssa provided the research material and assisted in writing the manuscript. Journal Plant Breeding Date of publication 26 May, 2017 DOI 10.1111/pbr.12485   
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Supplementary material Table 3: List of designed SSR primers that were either monomorphic or amplified products out of the expected size range or no products. primer Forward sequence Reverse sequence Repeat motif Product Size GC002† TATCGGTCGATCCCA ATTTC ACACACACACACA CACACACAC  (CA)30                            235 CG003ᵠ TACCCGACTAAGCC AACCAC  CAATCATGGGAC AAAAACCC  (TC)26 224 CG004ᵠ GAATAGGTATGGAGA TTGCTTGG  CCTCTTCCGTGAC CTTTTTG  (GA)21                           287 CG005ᵠ GCCAAAGGGGAAAGA AGAAG  AATGTCGCCATTT CTGAAGC  (AG)25                           217 CG006† AGCAAGCTCGATCCC AAGTA  GGCTCATTTTTGAC ACCCCT  (AAT)20                         241 CG007* ATTGATTCTTGGGCA ACGAC  CGAAAAATTCTTG AGACCCAAC  (AAT)28                         252 CG008ᵠ AGTAGATGCGAACCC ACACC CAGTCACCCATCA CCCTTTT  (TTA)22                         276 CG009ᵠ CTATGACCAATGCGA CCCTT  GGATGGTTCATAG AATGGCG (CTT)24                          243 CG010ᵠ AACATGTAATGCGGG GTACAA GCCCACACGTCTT ACACAAA  (AAT)26                         212 CG012* TGTGGGAAAGTGGGA CATTT  ATGTGTTAAGTGT GCTGCCG (AAG)26                         189 CG013ᵠ GTGAAATTGGGTGAA ATGGG  CCCCTCCGTTAGA CAAACAA (TGAAATTGGG)3        260 CG014ᵠ TTTAACCCGATTTCA CCCAA  TTTAACCCGATTTC ACCCAA (ACCCAATTTC)3         254 CG015ᵠ TTCGTTATTTGTCCA GCCCT  AAATTTGCACGAA AGATGGC (GAGCATG)6                268 CG016† ACCACGTCCCAAGT CCCA GGGACATGGTACA CGGACA (GTCCCAT)4-(GTCCCAT)7                 240 CG019* GCAGACCCACTCAGT CCTGT  TGGATACCATCCA CTGACGA (TGGCAA)7                   255 CG020† GGGCTTGCATTATCAC GTTT CTCCATAAGGCTA GGCATCG (TACTCA)6                   133 CG021ᵠ TCCTCCTCCTCCTCCT TCTC  TTGATATGCTTCG TGCGTTC (CTTCTC)11                  223 CG023ᵠ TGGCTTTTGCAATCT CCTCT  AAGGAGGCCGAG ACCAAG (CTTGGC)8                   247 CG025ᵠ ACTTGGTGGTGATCT TTGGC  TGAGTCAAAGAGT CGCATGG (CGACCCATG)9           262 CG026† GGACATGTTGTCA ATCACATCG  TGGAATGCTAATG GGACAAA (AAAAAATA)3             202 CG029† CACAAGCACACAC ACACACG GGCATTTGAAAA CCCATCAC (ACACACGC)3             275 CG030† CATGACATGTCCAG TGAGGG GCATTCAGTTTCA ATCCCGT (AAAAG)7                     227 CG031† GAGCCTTTATCTGG GGGAAC CCTATGGCTGTGC CAACTTT (TTGAA)6                      275 CG034ᵠ AGGATGCCCGTTAC AAGTTC TGCTGAAGATGAAA ACGACG (TATAT)9                      223 CG035† CTTAGATGGCGA GAAATCGG ATCATTCCCGTT TCCATTTG (TAAA)9                        238 
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CG036† GCATACTTCACC ACGGCTTT AGGCTTCATTCG ATGACTGG (ATCT)8                         242 CG037† ATCGCTCGTTAC AAATTGCC TTGTTCATTGGG ATTGGGAT (TACA)9                        252 CG038† GCCGAGGTGATC ATTTTTGT TCATAGGGGGAT CACAACCT (ATAC)7                        200 †- no products, *- monomorphic bands, ᵠ- products not in expected ranges 
 Figure 4: Pollen tube germination in the self-pollinated flower of spider plant entry UGSF2. A: Pollen tube growth on the stigma, B: Pollen tube entering ovule.  
 Figure 5: Pollen tube germination in the cross-pollinated flower of spider plant entry UGSF2. A: Pollen tube growth on the stigma, B: Pollen tube entering ovule. 
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 Figure 3: In vitro pollen germination percentages for the spider plant entries.  0102030405060708090100
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2.3. Nutritional compound analysis and morphological characterization of spider plant (Cleome gynandra) germplasm from six African countries. Emmanuel O. Omondi1, Christof Engels2, Godfrey Nambafu2, Monika Schreiner3, Susanne Neugart3, Mary Abukutsa4, Traud Winkelmann1 1Institute of Horticultural Production Systems, Woody Plant and Propagation Physiology, Leibniz Universität Hannover, Hannover, Germany  2Department of Plant Nutrition and Fertilization, Humboldt University of Berlin, Berlin, Germany 3Leibniz-Institute of Vegetable and Ornamental Crops, Grossbeeren, Germany 4Department Horticulture, Jomo Kenyatta University of Agriculture & Technology (JKUAT), Juja, Kenya   Type of authorship First author Type of article Research article Contribution to the article Designed and performed the experiments Analysed data, preparation of tables and figures, Wrote the manuscript Contribution of other authors Traud Winkelmann was involved in the conception of the study, preparation of the tables and figures and writing of the aims Monika Schreiner and Susanna Neugart assisted in glucosinolate and flavonoid analysis, data analysis, preparation of tables and figures, and writing the manuscript.  Christof Engels and Godfrey Nambafu performed mineral analysis and writing of manuscript. Mary Abukutsa-Onyango provided the seeds, assisted in the field experiment and in writing the manuscript. Journal Food International Research Date of publication 20th June 2017 DOI 10.1016/j.foodres.2017.06.050   



                                                                                           Publications and manuscripts 

44  



                                                                                           Publications and manuscripts 

45  



                                                                                           Publications and manuscripts 

46  



                                                                                           Publications and manuscripts 

47  



                                                                                           Publications and manuscripts 

48  



                                                                                           Publications and manuscripts 

49  



                                                                                           Publications and manuscripts 

50  



                                                                                           Publications and manuscripts 

51  



                                                                                           Publications and manuscripts 

52  



                                                                                           Publications and manuscripts 

53  



                                                                                           Publications and manuscripts 

54 



                                                                                           Publications and manuscripts 

55   



                                                                                           Publications and manuscripts 

56 

Supplementary materials Table A1: Thirty C. gynandra farmers' cultivars, advanced lines and gene bank accessions used in the study. Entry Category Source Coordinate Original entry source Abuku1 Advanced line JKUAT - Kenya Abuku2 Advanced line JKUAT - Kenya Acc20 Farmers' cultivar Bondo 0°06'07.5"S 34°16'26.9"E Kenya Acc21 Farmers' cultivar Bondo 0°06'07.5"S 34°16'26.9"E Kenya Acc26 Farmers' cultivar Kisii 0°44'48.5"S 34°47'68.5"E Kenya Acc28 Farmers' cultivar Kisii 0°40'51.5"S 34°47'41.1"E Kenya Acc30 Farmers' cultivar Nakuru 0°02'41.9"S 36°01'49.2"E Kenya Acc3 Farmers' cultivar Mbale 0°06'08.0"S 34°42'28.0"E Kenya Acc5 Farmers' cultivar Yala 0°09'24.8"N 34°33'02.2"E Kenya Acc6 Farmers' cultivar Butere 0°10'07.0"N 34°31'36.8"E Kenya HTT Advanced line WorldVeg - Kenya GS Advanced line WorldVeg - Tanzania IP7 Gene bank accession WorldVeg - Tanzania PS Gene bank accession WorldVeg - Tanzania Site94 Gene bank accession WorldVeg - Tanzania ST73-3 Gene bank accession WorldVeg - Tanzania ST93-1GS Gene bank accession WorldVeg - Tanzania IP12 Gene bank accession WorldVeg - S. Africa IP8-Sel Advanced line WorldVeg - S. Africa MLSF12 Gene bank accession WorldVeg - Malawi MLSF17 Gene bank accession WorldVeg - Malawi MLSF27 Gene bank accession WorldVeg - Malawi RWSF2 Gene bank accession WorldVeg - Rwanda RWSF3 Gene bank accession WorldVeg - Rwanda UGSF13 Gene bank accession WorldVeg - Uganda UGSF17 Advanced line WorldVeg - Uganda UGSF19 Gene bank accession WorldVeg - Uganda UGSF2 Advanced line WorldVeg - Uganda UGSF26 Gene bank accession WorldVeg - Uganda UGSF29 Gene bank accession WorldVeg - Uganda WorldVeg- World Vegetable Center, Arusha, Tanzania. JKUAT-Jomo Kenyatta University of Agriculture and Technology, Nairobi, Kenya. The three gray scales represent the source of the seeds used as JKUAT, farmers' cultivars and WorldVeg respectively. Table A2: Mean±SD for six morphological traits of 30 entries of C. gynandra. Entry Sil. W  (g) PBN Leaf FM(g) Leaf DM (g) Total FM (g) Total DM (g) Abuku1 0.79a±0.3 9.9efgh±2.1 13.8bcde±4.0 2.1cdefg±0.5 39.1def±12.0 6.4bcdef±2.0 Abuku2 0.83a±0.2 9.2gh±1.5 10.9de±0.5 1.7efg±0.1 32.0ef±3.9 5.3cdef±1.4 Acc20 0.91a±0.0 8.7h±2.0 23.7a±9.3 3.3ab±1.3 70.4a±7.9 12.7a±3.1 Acc21 0.91a±0.3 9.5fgh±1.5 12.8bcde±2.4 2.0cdefg±0.2 33.6ef±6.2 4.7cdef±1.0 Acc26 0.72a±0.1 10.5bcdefgh±2.2 13.9bcde±3.1 2.1bcdefg±1.1 41.1cdef±18.5 7.7bcdef±5.4 Acc28 0.94a±0.1 12.3abcd±2.1 9.0e±1.7 1.4g±0.0 28.1f±6.1 3.7f±0.7 Acc3 0.78a±0.1 9.9efgh±1.8 11.2de±2.1 1.7efg±0.31 32.7ef±3.7 4.5def±0.4 Acc30 0.74a±0.2 10.4cdefgh±2.2 9.8de±0.9 1.5fg±0.1 30.3ef±2.9 4.5def±0.9 
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Acc5 0.85a±0.2 8.5h±1.7 9.2e±1.8 1.4g±0.4 25.7f±3.0 3.9ef±0.8 Acc6 0.84a±0.2 8.8h±1.8 11.8cde±4.6 1.7efg±0.7 32.7ef±13.6 4.8cdef±2.2 GS 1.08a±0.4 9.6fgh±1.8 20.4ab±2.4 3.0abcd±0.2 58.8abcd±21.5 8.3bcd±0.6 HTT 0.87a±0.2 10.4cdefgh±2.3 13.9bcde±4.2 2.1cdefg±1.1 38.8def±12.7 6.6bcdef±3.3 IP12 0.78a±0.1 11.4abcdefg±2.8 20.2abc±6.8 3.1abc±1.2 59.1abcd±22.0 8.1bcde±3.0 IP7 0.86a±0.2 13.2a±2.2 14.9bcde±2.9 2.3bcdefg±0.6 41.0cdef±2.5 5.2cdef±0.2 IP8 0.70a±0.1 11.7abcdef±2.9 18.0abcd±8.0 2.8abcde±1.3 53.2abcde±24.4 8.9abc±5.4 MLSF12 0.77a±0.2 12.7abc±2.1 17.6abcd±5.0 2.6abcdef±0.6 50.2abcdef±14.6 6.8bcdef±2.0 MLSF17 0.65a±0.1 11.6abcdef±2.2 11.7de±3.6 1.8defg±0.5 30.4ef±3.8 4.2def±0.3 MLSF27 0.80a±0.2 11.4abcdefg±2.3 15.9abcde±1.8 2.5abcdefg±0.4 49.8abcdef±6.6 7.7bcdef±1.7 PS 0.90a±0.2 11.4abcdefg±2.4 12.7bcde±1.4 2.0cdefg±0.6 35.8def±4.8 5.3cdef±2.1 RWSF2 0.84a±0.2 11.7abcdef±3.0 24.2a±2.0 3.7a±0.7 64.7abc±6.6 10.1ab±1.7 RWSF3 0.87a±0.2 10.3cdefgh±2.2 12.0bcde±3.2 1.8defg±0.8 34.3def±6.2 4.9cdef±0.8 Site 94 0.76a±0.1 11.7abcdef±2.5 13.2bcde±8.2 1.9defg±0.9 37.2def±11.9 5.1cdef±1.3 ST73-3 0.63a±0.1 12.8ab±2.8 10.3de±3.7 1.6efg±0.5 32.7ef±14.7 5.0cdef±1.9 ST93-1(GS) 0.79a±0.3 13.2a±3.0 15.1bcde±2.5 2.1cdefg±0.6 44.1bcdef±11.8 6.2bcdef±2.0 UGSF13 0.79a±0.3 10.0defgh±1.9 24.4a±4.6 3.2abc±0.3 68.3ab±21.3 10.6ab±4.6 UGSF17 0.81a±0.2 10.3defgh±2.1 11.0de±4.2 1.7efg±0.8 29.2ef±9.5 4.7cdef±2.2 UGSF19 0.73a±0.2 12.0abcde±1.8 11.9cde±2.4 1.8defg±0.4 32.7ef±2.5 4.8cdef±00.4 UGSF2 0.93a±0.0 8.6h±2.2 9.7de±9.7 1.5fg±0.6 26.2f±7.7 3.8ef±1.7 UGSF26 0.83a±0.2 9.6fgh±2.1 13.1bcde±1.9 2.0cdefg±0.3 37.8def±2.4 6.0bcdef±0.8 UGSF29 0.72a±0.2 10.7bcdefgh±2.7 17.8abcd±3.7 2.5abcdefg±0.6 43.4bcdef±9.4 5.6cdef±1.1 Mean value followed by the same letter in columns belong to the same category in accordance with Tukey test (p≤0.05). Sil. W= Silique weight, PBN= Primary brunch number, FM= Fresh mass, and DM= Dry mass. n=4.Cells with the minimum and maximum values within a column are highlighted by green and yellow color, respectively. The three gray scales represent the source of the seeds used as JKUAT, farmers' cultivars and WorldVeg respectively. Table A3: Glucosinolate(GS) concentrations (µmol/g dw) of selected C. gynandra entries grown under greenhouse conditions. Entry Plant part Methyl GS 2-propenyl GS 4-hydroxy-3-indolylmethyl GS Indolyl-3-methyl GS Total GS ML-SF-12 leaves 36.46 nd nd 0.03 36.50 ML-SF-17 leaves 61.52 nd 0.04 0.11 61.67 ML-SF-27 leaves 45.04 nd nd 0.06 45.10 UG-SF-13 leaves 41.25 nd nd 0.03 41.29 UG-SF-17 leaves 13.36 nd nd 0.04 13.40 UG-SF-19 leaves 65.71 nd nd 0.28 65.99 UG-SF-2 leaves 19.56 nd nd 0.01 19.57 UG-SF-26 leaves 39.41 nd nd 0.12 39.53 UG-SF-29 leaves 26.57 nd nd 0.14 26.71 GS leaves 28.04 nd nd 0.02 28.06 PS leaves 33.47 0.52 nd 0.07 34.07 HTT1 leaves 30.72 nd nd 0.01 30.73 HTT2 leaves 38.70 nd 0.03 0.03 38.76 HTT3 leaves 31.75 nd 0.02 0.02 31.78 
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HTT4 leaves 39.98 nd 0.03 0.02 40.03 HTT5 leaves 43.83 nd 0.02 0.01 43.86 HTT6 leaves 32.08 nd nd 0.01 32.09 HTT7 leaves 44.08 nd nd 0.05 44.12 HTT8 leaves 42.95 nd 0.05 0.03 43.03 HTT9 leaves 62.59 nd 0.07 0.05 62.71 HTT10 leaves 33.83 nd nd 0.01 33.84 HTT11 leaves 32.08 nd nd 0.03 32.11 *HTTmean leaves 39.33±9.3 - 0.04±0.02 0.03±0.02 41.32±11.78 †HTTA leaves 49.32 nd 0.03 0.05 49.41 HTT  Inflores-cences 57.75 nd 0.44 0.05 58.24 HTT  stem 67.60 nd 0.87 0.24 68.72 ST 73-3 leaves 31.93 nd nd 0.01 31.94 ST 92 leaves 74.91 nd nd 0.02 74.93 ST 93-1 (GS) leaves 49.77 nd 0.02 0.11 49.90 RW SF 2 leaves 40.93 nd nd 0.02 40.95 RW SF 3 leaves 27.57 nd nd 0.04 27.61 Site 69 leaves 26.44 nd nd 0.01 26.45 Site 94 leaves 41.25 nd nd 0.04 41.29 IP7 leaves 41.94 nd 0.01 0.21 42.16 IP8 leaves 22.53 nd nd 0.03 22.56 IP12 leaves 38.32 nd nd 0.01 38.34 *Mean value ± SD for leaves of 11 individual plant samples shown as HTT1-HTT11†HTT pooled leaves sample from 10 plants. GS= Glucosinolate. nd=not detected. Table A4: Heat map for the pair-wise Pearson correlations between different minerals form leaves of selected C. gynandra entries   K Ca Mg P S Al Fe Mn Zn Cu Ni Mo Cd Pb Ca -0.14 Mg 0.61** 0.32 P 0.72** -0.12 0.48*            S 0.32 -0.03 0.09 0.24 Al 0.37 -0.23 0.27 0.20 0.10          Fe 0.24 -0.29 0.07 0.14 -0.04 0.94*** Mn 0.42* -0.16 0.36 0.26 -0.09 0.95** 0.91** Zn 0.33 0.24 0.23 0.31 0.01 0.13 0.10 0.20 Cu 0.18 0.11 0.05 0.04 -0.12 0.05 0.03 0.11 0.47* Ni 0.39 -0.28 0.28 0.22 -0.10 0.73** 0.68** 0.74** 0.19 0.39 Mo -0.26 0.60** -0.11 -0.13 -0.34 -0.26 -0.16 -0.10 0.30 -0.05 -0.30 Cd 0.29 -0.12 0.37 -0.11 0.24 0.67** 0.53** 0.57** 0.04 0.14 0.64** -0.35 Pb 0.24 0.00 0.06 0.09 -0.12 0.18 0.17 0.23 0.49 0.97** 0.50* -0.10 0.23  Cr 0.46* -0.32 0.26 0.39 -0.07 0.78** 0.81** 0.83** 0.23 0.25 0.72** -0.17 0.46* 0.40*  
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The significance levels represented as follows: * represents p<0.05, ** p<0.01, *** p<0.001, yellow-green: positive correlation, red: negative correlation. Table A5: Average mineral composition (mg/100g) in C. gynandra germplasm in the present study in comparison with previous studies based on dry weight. Mineral element Present study Jinazali et al., (2017) (Odhav et al., 2007) (Agbo et al., 2014) Dry season Rainy season Potassium 3123 - - 109.38 58.96 Calcium 2316 2210 3203 22.65 45.25 Magnesium 440 - 371 7.28 15.08 Phosphorus 659 - 784 34.0 4.19 Sulphur 404 - -   Aluminium 295 - -   Iron 358 36 21 23.98 10.17 Manganese 39 - 10   Zinc 5.9 2.6 5   Copper 3.3 - 2   Nickel 0.3 - -   Molybdenum 0.2 - -   Cadmium 0.03 - -   Lead 0.5 - -   Chromium 0.5 - -    
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2.4. Genetic and morphological diversity of cowpea (Vigna unguiculata (L.) Walp.) entries from East Africa Max Menssen1,5, Marcus Linde2, Emmanuel Omondi1, Mary Abukutsa-Onyango3, Fekadu Fufa Dinssa4, Traud Winkelmann1 1Institute of Horticultural Production Systems, Woody Plant and Propagation Physiology, Leibniz Universität Hannover, Hannover, Germany  2Institute for Plant Genetics, Molecular Plant Breeding, Leibniz Universität Hannover, Hannover, Germany  3Department Horticulture, Jomo Kenyatta University of Agriculture & Technology (JKUAT), Juja, Kenya  4AVRDC - The World Vegetable Center, Eastern and Southern Africa, Arusha, Tanzania 5Leibniz Universität Hannover, Institute of Biostatistics (present address) Type of authorship Third author Type of article Research article Contribution to the article Assisted in the experiments and writing the manuscript Contribution of other authors Max Menssen performed all the experiments for his masters thesis research Marcus Linde and Traud Winkelmann assisted in experimental design, data analysis and writing the manuscript.  Mary Abukutsa-Onyango and Fekadu F. Dinssa provided the research material and assisted in writing the manuscript. Journal Scientia Horticulturae Date of publication 1st August 2017 DOI 10.1016/j.scienta.2017.08.003   
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7.1 Supplementary material Table A.1: DNA contents of specimen of five cowpea entries determined by flow cytometry employing propidium iodide staining. Entry  DNA content [pg/2C] x̅ ± s Coefficient of variance Cowpea [%] x̅ ± s Coefficient of variance Solanum [%] x̅ ± s Dakawa (n=9) 1.29 ± 0.02 9.2 ± 0.7 7.3 ± 0.8 Tumaini (n=10) 1.30 ± 0.02 9.3 ± 0.5 7.8 ± 0.6 Ex-Iseke (n=10) 1.31 ± 0.02 9.0 ± 0.5 7.2 ± 1.1 Ngoji (n=9) 1.30 ± 0.02 9.4 ± 0.6 7.8 ± 1.2 UG-CP-4 (n=10) 1.32 ± 0.01 9.4 ± 0.3 7.6 ± 0.4 The reference standard used was a Solanum lycopersicum cultivar with known genome size (`Stupické Polní Rane´, 1.96 pg/2C, Genbank Gatersleben acc. no. LYC 418). Table A.2: Oligonucleotide sequences used for AFLP analysis.   Sequences DNA adapter MseI O 5’-GACGA TGAGTCCTGAG-3’   MseI U 5’-TACTCAGGACTCAT-3’   HindIII O 5’-CTCGTAGACTGCGTACC-3’   HindIII U 5’-AGCTGGTACGCAGTCTAC-3’  Pre Amplification Primer MseI 5'-GACGATGAGTCCTGAGTAA-3'   HindIII 5'-AGACTGCGTACCAGCTT-3'  Final Reaction Primer MseI+ XXXa 5'-GATGAGTCCTGAGTAA XXX-3'   HindIII + XXX 5'-GACTGCGTACCAGCTT XXX-3'  aXXX: The selective bases of the used MseI primers were GTG, AGT, AGG, AGA and AGC. One reaction was performed with HindIII Primers CAA (700 nm) and ATA (800 nm) and the GTG MseI primer. Table A.3: Annealing temperature (TA), product size and sequences without the M13 tail for the six SSR-primers. Primer TA Product  size Sequence Reference SSR-6436 60 °C 80 - 500 bp Forward 5`-CAGAATCCTTGTGAACCTG Reverse 5`-TTTCGCAATATGCCCTTTTC ASARE ET AL. (2010) VM 19 60 °C 241 bp Forward 5`- ATTC TGCGCCGTGACACTA Reverse 5`-TCGTGGCACCCCCTATC LI ET AL. (2001) VM 31 66 °C 200 bp Forward 5`- CGCTCTTCGTTGATGGTTATG Reverse 5`-GTGTTCTAGAGGGTGTGATGGTA LI ET AL. (2001) VM36 66 °C 160 bp Forward 5`-ACTTTCTGTTTTACTCGACAACT Reverse 5`-GTCGCTGGGGGTGGCTTATT LI ET AL. (2001) VM70 66 °C 186 bp Forward 5`-AAAATCGGGGAAGGAAACC Reverse 5`GAAGGCAAAATACATGGAGTCAC LI ET AL. (2001) VM 71 66 °C 225 bp Forward 5`-CGTGGCAGAGAATCAAAGACAC Reverse 5`-TGGGTGGAGGCAAAAACAAAAC LI ET AL. (2001) Table A.4: Minimum, maximum and mean Jaccard distances among the 15 analyzed entries Entry Entry Distance (min) Distance (max) Distance (mean) Ex-Iseke Dakawa 0.125 0.202 0.144 
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Ex-Iseke Ngoji 0.158 0.213 0.17 Ex-Iseke Tumaini 0.151 0.21 0.185 Ex-Iseke 9334 0.197 0.243 0.22 Ex-Iseke UG-CP-4 0.152 0.209 0.185 Ex-Iseke UG-CP-10 0.155 0.205 0.178 Ex-Iseke GKK-CP-2 0.179 0.205 0.186 Ex-Iseke GKK-CP-3 0.174 0.216 0.193 Ex-Iseke RW-CP-7 0.159 0.215 0.175 Ex-Iseke Simlaw 0.207 0.244 0.23 Ex-Iseke EASEED 0.158 0.211 0.18 Ex-Iseke Accession 6 0.153 0.214 0.188 Ex-Iseke Accession 20 0.179 0.207 0.191 Ex-Iseke Accession 25 0.165 0.203 0.175 Dakawa Ngoji 0.138 0.184 0.157 Dakawa Tumaini 0.135 0.202 0.173 Dakawa 9334 0.176 0.199 0.187 Dakawa UG-CP-4 0.147 0.189 0.17 Dakawa UG-CP-10 0.151 0.188 0.17 Dakawa GKK-CP-2 0.148 0.177 0.162 Dakawa GKK-CP-3 0.161 0.195 0.175 Dakawa RW-CP-7 0.149 0.19 0.169 Dakawa Simlaw 0.195 0.252 0.232 Dakawa EASEED 0.141 0.168 0.161 Dakawa Accession 6 0.15 0.194 0.176 Dakawa Accession 20 0.153 0.183 0.164 Dakawa Accession 25 0.159 0.178 0.168 Ngoji Tumaini 0.12 0.178 0.152 Ngoji 9334 0.155 0.2 0.178 Ngoji UG-CP-4 0.155 0.186 0.17 Ngoji UG-CP-10 0.135 0.173 0.166 Ngoji GKK-CP-2 0.128 0.149 0.147 Ngoji GKK-CP-3 0.144 0.189 0.168 Ngoji RW-CP-7 0.13 0.175 0.158 Ngoji Simlaw 0.232 0.254 0.239 Ngoji EASEED 0.144 0.178 0.151 Ngoji Accession 6 0.158 0.183 0.169 Ngoji Accession 20 0.128 0.17 0.153 Ngoji Accession 25 0.123 0.184 0.162 Tumaini 9334 0.169 0.194 0.18 Tumaini UG-CP-4 0.118 0.191 0.145 Tumaini UG-CP-10 0.137 0.216 0.176 Tumaini GKK-CP-2 0.15 0.206 0.177 Tumaini GKK-CP-3 0.16 0.221 0.184 Tumaini RW-CP-7 0.148 0.176 0.166 Tumaini Simlaw 0.216 0.275 0.232 Tumaini EASEED 0.16 0.226 0.186 Tumaini Accession 6 0.162 0.215 0.184 Tumaini Accession 20 0.155 0.197 0.174 Tumaini Accession 25 0.141 0.2 0.17 9334 UG-CP-4 0.161 0.208 0.182 9334 UG-CP-10 0.167 0.223 0.202 9334 GKK-CP-2 0.098 0.201 0.163 9334 GKK-CP-3 0.172 0.206 0.18 9334 RW-CP-7 0.162 0.188 0.174 9334 Simlaw 0.252 0.301 0.273 
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9334 EASEED 0.195 0.221 0.203 9334 Accession 6 0.182 0.211 0.199 9334 Accession 20 0.159 0.194 0.167 9334 Accession 25 0.184 0.213 0.195 UG-CP-4 UG-CP-10 0.111 0.165 0.142 UG-CP-4 GKK-CP-2 0.148 0.186 0.175 UG-CP-4 GKK-CP-3 0.16 0.192 0.18 UG-CP-4 RW-CP-7 0.156 0.186 0.175 UG-CP-4 Simlaw 0.223 0.256 0.242 UG-CP-4 EASEED 0.156 0.203 0.175 UG-CP-4 Accession 6 0.164 0.188 0.175 UG-CP-4 Accession 20 0.134 0.165 0.158 UG-CP-4 Accession 25 0.156 0.187 0.184 UG-CP-10 GKK-CP-2 0.146 0.168 0.158 UG-CP-10 GKK-CP-3 0.111 0.15 0.132 UG-CP-10 RW-CP-7 0.143 0.18 0.157 UG-CP-10 Simlaw 0.178 0.215 0.193 UG-CP-10 EASEED 0.128 0.158 0.144 UG-CP-10 Accession 6 0.131 0.154 0.135 UG-CP-10 Accession 20 0.13 0.157 0.151 UG-CP-10 Accession 25 0.116 0.168 0.143 GKK-CP-2 Ex-Iseke 0.162 0.197 0.186 GKK-CP-2 GKK-CP-3 0.145 0.185 0.169 GKK-CP-2 RW-CP-7 0.145 0.196 0.166 GKK-CP-2 Simlaw 0.198 0.25 0.228 GKK-CP-2 EASEED 0.133 0.18 0.157 GKK-CP-2 Accession 6 0.152 0.202 0.174 GKK-CP-2 Accession 20 0.1 0.152 0.136 GKK-CP-2 Accession 25 0.127 0.191 0.163 GKK-CP-3 RW-CP-7 0.153 0.186 0.167 GKK-CP-3 Simlaw 0.169 0.22 0.193 GKK-CP-3 EASEED 0.143 0.178 0.162 GKK-CP-3 Accession 6 0.125 0.175 0.144 GKK-CP-3 Accession 20 0.139 0.17 0.159 GKK-CP-3 Accession 25 0.135 0.165 0.149 RW-CP-7 Simlaw 0.22 0.238 0.228 RW-CP-7 EASEED 0.163 0.199 0.181 RW-CP-7 Accession 6 0.151 0.185 0.165 RW-CP-7 Accession 20 0.151 0.164 0.165 RW-CP-7 Accession 25 0.132 0.17 0.147 Simlaw EASEED 0.18 0.229 0.211 Simlaw Accession 6 0.167 0.207 0.194 Simlaw Accession 20 0.198 0.227 0.214 Simlaw Accession 25 0.158 0.226 0.196 EASEED Accession 6 0.139 0.201 0.172 EASEED Accession 20 0.132 0.15 0.15 EASEED Accession 25 0.141 0.177 0.162 Accession 6 Accession 20 0.153 0.173 0.166 Accession 6 Accession 25 0.114 0.164 0.152 Accession 20 Accession 25 0.137 0.18 0.161 
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 Fig.A.1: The averaged 100 seed weight of 15 cowpea entries evaluated under field conditions, Kenya, 2015. Averages ± standard deviation, if n ≠ 4 the information was not available for all blocks; significant differences between the means are indicated by different letters, Tukey-test, α = 5 %. Different colors are used to label the different entries and their origin, blue: Tanzania, orange: Uganda, magenta: Malawi, brown: Rwanda, green: Kenya. 

 Fig.A2: Averaged number of pods per plant of 15 cowpea entries evaluated under field conditions, Kenya, 2015. Averages ± standard deviation, if n ≠ 4 the information was not available for all blocks; significant differences between the means are indicated by different letters, Tukey-test, α = 5 %. Different colors are used to label the different entries and their origin, blue: Tanzania, orange: Uganda, magenta: Malawi, brown: Rwanda, green: Kenya. 
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 Fig.A.3: Neighbor joining tree including all 75 genotypes from 15 different entries. Different colors are used to label the different entries and their origin, blue: Tanzania, orange: Uganda, magenta: Malawi, brown: Rwanda, green: Kenya, the genetic distance is represented by the bar .
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3. General discussion, conclusion and outlook. This study was carried out to contribute important basic information for genetic improvement of spider plant and cowpea to help maximize their potential as source of food and income in addition to possible health benefits to the consumers. This study generally focused on investigating the diversity within the germplasm originally collected from different countries and continually reproduced and maintained at WorldVegetable Center in Arusha, Tanzania and cultivars' collected directly from farmers and markets in Kenya. The detailed results and discussions of the study are already discussed in the three manuscripts in chapter 2 and therefore this chapter shall focus on a general discussion and conclusions then finally give recommendations derived from the main findings for future research. Genetic diversity is important for survival and also provides the basis for selection of material in breeding for traits of interest. It is also essential for core collection management in genetic resource preservation programs. Several studies based on the traditional field characters have covered diversity of spider plant using different spider plant germplasm (Chapter 2 section 2.3) but to the best of our knowledge, Omondi et al. (2017) (chapter 2.3) is the first study to utilize the robust and informative AFLP and SSR markers for genetic diversity analysis of spider plant. Unlike spider plant, genetic diversity in cowpea germplasm from various parts of the world has been well studied using molecular markers. Nevertheless, regular genetic evaluations of the genetic diversity of germplasms will greatly contribute to improvement of seed systems by identifying parental variants and ensuring that enough diversity is available among the germplasm for use in breeding programmes. The advantages of the AFLP and SSR markers are already discussed in the previous sections (Chapter 2, section 2.1) but it is worth noting that AFLP and SSR markers are currently the most commonly used in many studies assessing genetic diversity. Like the common schedule for any genetic diversity study, this study involved designing (for the SSRs) and testing of the markers, estimation of the relatedness of the germplasm and the final calculation of distance coefficients using a single joint matrix for the two markers and finally partitioning the genotypes in a dendrogram and in an ordination method (principal coordinate analysis - PCoA).  3.1. Establishment of new SSR markers for spider plant SSRs are usually transferable within species or between close species (Rallo et al., 2003). In our study, initial testing of inter-specific SSR markers designed from genome sequence of the close by related species Cleome hassleriana showed non-amplification and sometimes weak unclear bands for our germplasm. During the testing stage for the SSRs designed from our material, various challenges including non-amplification of genomic DNA templates, multiple fragments (for SSRs) and absence of polymorphism were experienced. Non-amplification could be due to mutation within the primer binding sites in certain alleles (null alleles) (Pemberton et al., 1995). Redesigning of the primers in other stretches of the flanking DNA, avoiding the mutated binding sites has been proposed as a 



                                                                     General discussion, conclusion and outlook 

76 

solution for non-amplification (Callen et al., 1993; Esselink et al., 2004; Ishibashi et al., 1996; Paetkau and Strobeck, 1995). Multiple fragments may occur when a locus or parts of a large repeat are duplicated or when primers are insufficiently specific (Weising et al., 2005). A positive correlation between levels of polymorphism and the total size of perfect repeats has been reported (Webber, 1990). Higher mutation rates have also been observed in longer repeat arrays (Brohede et al., 2002; Jin et al., 1996; Schlötterer, 2004). However, according to Eichler et al.(1994), mutability reduces considerably when the arrays are interrupted. Over 50% of SSR primers on average is usually lost at the testing stage (Squirrell et al., 2003). Reduction rates of 24.7% in barley microsatellites and 67.8% for microsatellites in Brassica crop species for instance were reported by Ramsay et al. (2005) and Lowe et al. (2004) respectively. We experienced a reduction of 76.9% from 39 primers tested to 9 primers that were finally used. Very long SSRs may also make it difficult for Taq DNA polymerase to run through long stretches of repeats (Areshchenkova and Ganal, 2002). Based on these information, effort required for genetic marker design for crops such as the spider plant, whose genome studies are scarce, should not be underestimated especially with regard to time and resources.  3.2. Estimation of the genetic distances of spider plant and cowpea entries Challenges in scoring the markers AFLPs were also experienced. The smallest and largest band for AFLP markers were sometimes difficult to score and unreliable hence excluded from the final analysis. Sufficient minimum number of polymorphic bands and a good genome coverage of a primer or a combination of primers is necessary for effective genetic distance estimations (Rallo et al., 2003; Fossati et al., 2001; Goulao et al., 2001; Garcia-Mas et al, 2000). Here, a combined matrix from the AFLP and SSR markers was used for estimating the genetic distances for both spider plant and cowpea. Double runs for each of the genotypes were performed and only strong bands scored to increase the reliability of the markers. Low resolution of the spider plant entries according to the countries of origin could be as a result of the self- and cross-compatible nature of spider plant allowing gene flow through pollen among the entries in the propagation fields at Worldveg center where the germplasm was sourced. This could further be explained by the lack of advanced genetic improvement in spider plant entries. The farmers’ accessions too could not be resolved according to the regions of collection in Kenya. Diversity among landraces was also observed among spider plant landraces from Western Kenya by K’Opondo et al. (2009) and was attributed to cultivation without selection by the farmers. The spider plant populations may closely be related since farmers usually exchange among themselves or trade these seeds in the markets. Some genotypes from GS-sel, UGSF17-sel and UGSF2-sel entries showed higher genetic distances to the other entries and farmers’ accessions shown by the average genetic distances (Table 6chapter 2.2). the lowest genetic distances of 0.12 within the entries IP8-sel and UGSF17-sel (Table 7 chapter 2.2) could be due to selection process since these entries were developed by mass selection at WorldVeg center from the original collections.  
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For cowpea, the clades of the consensus tree were formed by single accessions except for Ex-Iseke and Dakawa (figure 5 chapter 2.4). The uniformity of genotypes in clades and very low genetic distances among genotypes within the accessions could be attributed to the autogamous nature of cowpea. Clustering of the accession Ex-Iseke and Dakawa may be due to a common origin of gene pool. Compared to the WorldVeg accessions, the genotypes of farmers’ cultivars did not cluster in same clades indicating lack of uniformity due to the composition of different genotypes lacking any form of genetic improvement (Villa et al., 2005). In a study suggesting East Africa to be the origin of V. unguiculata var. spontanea, landraces were also found to be more diverse in East Africa using RAPD markers (Ba et al., 2004).Generally, the unresolved clustering of the genotypes of the cowpea accessions according to countries of origin can be assumed to be due to exchange of seeds between different regions in East Africa. While the low genetic variability the within the cowpea accessions would be a limiting factor for breeding (Gepts, 2006), the variability among within the spider plant would be a good source of material for genetic improvement. Low genetic diversity observed in cowpea also puts the populations at risk of destruction by biotic and abiotic stresses (Gepts, 2006). Farmers cultivars for both crops could still be a good source of diversity in breeding programs. 3.3. Morphological diversity in spider plant and cowpea. Morphological characterization has implications for future germplasm collection and in cultivar/ genotype selection for recommendations in breeding research. Morphological traits were significantly different among the spider plant entries and the cowpea accessions assessed in this study. Some traits varied even within the entries as shown by the standard deviations. For spider plant the significant variations are also in agreement with other studies with respect to traits such as plant height, days to 50% flowering (Onyango et al., 2016; Wasonga et al., 2015; Stoilova et al., 2015; K'Opondo, 2011). Leaf yield is an important aspect of these vegetables and the mean leaf fresh mass per plant of spider in the present study (14.11 g) was much lower compared to 135.65 g reported by Stoilova et al. (2015) who carried out three successive harvests. The highest leaf fresh mass per plant was recorded for entry UGSF13 (24.4 g) while the lowest was for Acc28 at 9.0 g. Flower removal in spider plant produced significantly increased plant height, leaf yield and fresh and dry shoot weights (Wangolo et al., 2015). A general increase in plant height, leaf number and area with application of organic, semi-organic and inorganic fertilizer in spider plant has been observed in spider plant (Jusoh et al., 2015; Masinde and Agong, 2011)but semi-organic fertilizer gave the best results compared to the other fertilizer treatments (Jusoh et al., 2015). For cowpea, the highest fresh mass per plant in this study was 52.83 g for Simlaw accession. In spider plant, a mix of morphotypes within the entries based on stem or leaf petiole color was noted. However, the farmers' accessions mostly showed plants with purple or purple green stems compared to the advance lines and the gene bank entries. The farmers' accessions were also highly mixed in 
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terms of the leaf petiole colors compared to the gene bank entries and the advanced lines and this was particularly noted for accession 26 and accession 28 collected from the Kisii region in Kenya. The variations in stem and petiole colours are in agreement with findings in other studies ( Wasonga et al., 2015; Wenyika et al., 2015; Kiebre et al., 2015 ; K'Opondo, 2011). A majority of the farmers (83.3%) in Burkina Faso preferred the green spider plant variety with a long cycle and that the green spider plant meets the consumers' need for organoleptic quality and great biomass (Kiebre et al., 2015). Great pubescence and green morphotypes have not been correlated in other studies of spider plant, in fact Masuka et al. (2012) observed late flowering for the purple stem compared to the green stem. This differences between the farmers' accessions and the gene bank entries and the advanced lines from the WorldVeg correlates with the clustering of the genotypes from the genetic markers analysis in the two main groups of the farmers' accessions and the WorldVeg sourced entries.  Selection of cultivars based on the phenotypic differences from these findings will permit varietal improvement taking into account the needs of both the farmers and consumers. The phenotypic traits are easy to score and remember (Wenyika et al., 2015). Cultivars bearing certain traits such as organoleptic quality for instance, can therefore be discriminated easily using traits such as stem colour. This would help to reduce the loss of thermo labile nutrients such as vitamins (Kutsukutsa et al, 2014; Wenyika et al., 2015) when consumers have to boil the vegetable to reduce the bitterness.  3.4. Cytological basis and reproductive biology of spider plant Flow cytometry (FCM) is now widely used for nuclear DNA amounts estimation and ploidy level determination because it is convenient, fast and reliable (Dolezel et al, 2007). Low plant tissue is required for FCM making the it a non-destructive method and suitable for the analysis of limited material. A further important advantage of FCM for ploidy estimation is that tissues containing dividing cells are not required unlike in the laborious and destructive method of counting chromosomes in the root and shoot tips. However, to establish the number of chromosomes remains the unambiguous method of choice for ploidy determination. The FCM results showed that the spider plant entries of this study were diploid with a chromosome number of 2n=34 established from root tips for one of the entries. This is also indirectly suggested by the SSR maker data that showed at most two alleles per genotype. The chromosome number points to a polyploidization event in C. gynandra suggesting the species to be allotetraploid.DNA content is an important character with many applications in biology and biodiversity (Bennett et al., 2000). For instance, genome size has been reported to be important in deciding the AFLP protocol to use i.e. for small genomes, the number of interpretable bands can be increased by decreasing the number of selective bases(Fay et al., 2005). Moreover, genome size was an important factor in decision making with regards to which taxa were chosen as first candidates for genome sequencing and even which chromosome(s) were first sequenced for instance, Arabidopsis thaliana because of its small genome size(Bennett et al., 2000). A relatively bigger genome size of 2.38 pg/2C was recorded for the spider 
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plant entries in this study compared to a previously published size of approximately 1 Gb (= approximately 0.978 pg/1C according to Doležel et al., 2003)by van den Bergh et al. (2014).This genome size falls in the ranges (1C= 0.16 – 1.31) reported for some Brassicaceae species (Johnston et al., 2005) and is generally on the lower side of the range of DNA amounts (1C = 0.1 – 125 pg) in angiosperms (Bennett et al., 2000). The DNA amount recorded for spider plant in this study is also slightly lower than 1.4 pg/ 1C that is reported for the ancestral genome size of angiosperms and other flowering plants (Soltis et al., 2003). The spider plant entries are self and cross-compatible as has been shown by the self-incompatibility indices calculated from the seed sets in our study. Self-incompatibility is an intra-specific pollination barrier to promote out-breeding (De Nettancourt, 2001). The self-incompatibility response is common Brassicaceae, the sister family to Cleomaceae where spider plant belongs and also in the genus Arabidopsis, including the model plant A. thaliana (Kitashiba and Nasrallah, 2014). Viable pollen is necessary to test self-compatibility in plants. Several methods could be used to test for pollen viability and these include use of vital stains, in vitro pollen germination, in vivo pollen germination, and seed set analysis (Dafni and Firmage, 2000). In this study, in vitro, in vivo pollen germination and seed set analysis were used as already discussed in chapter 2 (2.2). However, it is worth mentioning that the in vivo situation simulates natural pollination and is more reliable than the in vitro pollen germination method, and that seed set method remains the most natural and reliable method to examine pollen viability. In vivo and seed set methods are notably laborious. Incompatibility is shown either in vivo when pollen fail to germinate and produce pollen tubes that elongate into the stigma to enable egg cell and central cell fertilization thereby giving a viable seed set or when abnormalities of pollen tube growth is observation in the stigma under an inflorescence microscope (Bots and Mariani, 2005). Incompatibility at the level of seed set is determined by theindex of self-incompatibility (ISI). This is calculated by dividing the relative success of seed set from self-pollination by the relative success of seed set from cross-pollination (Arroyo and Uslar, 1993).In vitro pollen germination was also carried out (Brewbaker and Kwack, 1963) and viable pollen counted under a light microscope and all the entries showed above 60% pollen viability (see chapter 2.2 supplementary data Fig. 3). Several factors such as heat, UV light and water as reported by Bots and Mariani, (2005) may influence pollen viability in the field. Self-compatibility in these spider plant entries would be important for inheritance studies and would also enable pure-line development by selfing where uniformity of traits such as stem and petiole color is desirable. On the other hand, cross-compatibility will also allow development of hybrid cultivars from planned mating of selected superior genotypes in the general populations. 3.5. Nutritional content of selected spider plant entries Nutritional content analysis is important for the promotion ALVs as a solution for hunger, malnutrition and non-communicable diseases in sub-Sahara regions (FAO, 2015). Detailed analysis of 
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the secondary metabolites is needed to estimate the health protecting properties in this vegetable which will enable proper food choices among consumers. The presence of important glucosinolates and flavonoid glycosides reported in this study will promote spider plant for more research interests especially in health. Glucosinolates are among bioactive compounds of interest in health as evidence has been found of their properties as anti-inflammatory, carcino preventive (Lippmann et al., 2014) and antidiabetogenic (Waterman et al., 2014).Aliphatic methyl glucosinolates (glucocapparin) seem to be the predominate glucosinolates in all organs of the spider plant. This seems to be unique for Cleome species since previous studies have also reported the absence of indole glucosinolates in C. gynandra(Neugart et al., 2017; Songsak and Lockwood, 2002).However, the indole glucosinolates were identified in low amounts in some greenhouse grown plants in this study (see chapter 2.4 supplementary Table A3)and this could imply that they could be environmentally regulated as have also been shown in other Brassicales (Verkerk et al., 2009). 2-hydroxy-2-methylbutyl glucosinolate (glucocleomin) has also been previously identified in the genus Cleome (Neugart et al., 2017; Songsak and Lockwood, 2002). Higher concentrations reported here is also in agreement with previous studies where the floral tissues, seeds and fruits had higher glucosinolate concentrations compared to the leave (Brown et al., 2003; Chen et al., 2001; Reintanz et al., 2001)a phenomenon that is thought to be due to protection against attack by pests since these organs contributed most to the plant survival.  Glycosides of kaempferol, quercetin and isorhamnetin varied in different organs of spider plant and are the main flavonoids in most food plants. The leaves of spider plant mostly contain glycosides of quercetin with Quercetin-3-rutinoside (rutin) as main compound. On the contrary, kaempferol glycosides were the dominant flavonoid in the flowers. These varying concentrations could be attributed to a higher antioxidant activity of quercetin glycosides (Zietz et al., 2010) and higher oxidation would be expected more in the photosynthetic tissues of plants. Several benefits of flavonoids to human health such as anti-oxidants, anti-carcinogens, vascular protective effect and improved vasodilator functions have been reported in previous studies and have already been discussed here (see chapter 2.3). The richness of spider plant in macro- and micro-element established in this study will also be important for the consumers in combating ailments associated with lack of sufficient minerals. These macro- and micro-elements have also been shown to have antioxidant activity in spider plant (Sowunmi and Afolayan, 2015b). Surface contamination by dust and other source could also elevate other toxic elements for instance in this study higher concentrations of chromium and aluminum were established. Lead and cadmium content in this study also exceeded the allowable limits of 0.30 mg kg-1 and 0.20 mg kg-1respectively in leafy vegetables (Commission Regulation No 629/2008, 2008). Soil mineral content and different fertilizer applications affect mineral component in spider plant, for instance, Hutchinson (2011) reported an increase of calcium ammonia nitrate fertilizer enhanced calcium in spider plant. According to Agbo et al. (2014), mineral concentrations in spider plant varied 
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between rainy and dry seasons. Iron, potassium and phosphorus content was elevated in the dry season while magnesium and calcium content was elevated in the rainy season. Generally, high antioxidant activity (Mibei et al., 2012; Rao and Kumar, 2015) and antimicrobial activity (Khan et al., 2015; Rajaselvam and Rose, 2016; Ranjitha et al., 2014)has been reported for spider plant and these has been attributed to the secondary phytochemicals and the mineral content. 3.6. Conformance with the thesis objectives This chapter refers back to the set out objectives of this thesis described in chapter 1.6 to explain the extent at which the objectives were reached.  1. Analysis of the genetic diversity in selected spider plant entries and farmers' cultivars using morphological and molecular markers. The highly informative SSR and AFLP markers for spider plant and cowpea were established in this study. These markers will form an important basis in further research and breeding of the crop, for instance in marker association studies.The genetic diversity of the spider plant is found within the entries rather than the geographical origin. The farmers’ cultivars for spider plant were generally considered an independent genetic pool. These farmers’ cultivars/ landraces could be important to breeders as a source material to increase genetic variability in the crops. Inclusion of more collections of the landraces in ex situ conservation programs would therefore be prudent to avoid genetic erosion. Significant variations in the morphological traits were realized among the spider plant entries. The traits also vary within the entries as shown by sometimes high standard deviations. 2. Analysis of the cytological basis and reproductive biology of spider plant. This study established same ploidy level among the spider plant entries suggesting the possibility of crossing all the entries in breeding. The spider plant entries showed a relatively small genome size of 1.19 pg/1C. The spider plant entries were also established to have no or only low levels of self-incompatibility and therefore selfing steps in breeding programmes involving these spider plant entries is possible since.  3. To analyze the nutritional content of selected spider plant entries. The leaf tissues of the selected entries of spider plant in this study were rich in mineral content especially potassium, calcium, magnesium, phosphorus, iron, manganese and zinc and therefore have a potential to alleviate ailments due to malnutrition. The entries were also potent with aliphatic methyl glucosinolates in all the tissues and glycosides of quercetin, kaempferol and isorhamnetin as the main flavonoids. The health benefits of these secondary metabolites make these spiders plant a potential choice for healthy diets. However, recommendations of specific entries for breeding focusing on enhancing these nutrients can not be concluded due to mixed genotypes within the entries. Due to limited replicates in this study, statistical analyses were not possible so far. 
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3.7. Outlook A high genetic diversity resolution of the spider plant entries in a cluster could presumably obtained by a higher number of markers with a good distribution throughout the genomes, such as SSRs, AFLPs and SNPs. This could be combined with a higher number of representative genotypes of each entry. Association of the AFLP and SSR markers to the morphological traits is desirable to enable marker assisted selection in breeding of these vegetables. Morphological and genetic variability established within entries in this study permit breeding for pure plant types based on market demands or traits of interest. Genotypic selection is also needed to develop pure uniform genotype of the spider plant from the mixed morphotypes observed in this sudy. This would open up further research on spider plant on aspects such as nutritional content, disease and pest resistance, water stress tolerance among others based on pure lines. Variations in flavonoid quantities and profile patterns in kales have been reported to be affected by factors including genetics, temperature and radiation (Schmidt et al., 2010) while for glucosinolate patterns, factors include species and ecotypes, individual plants variation, development stage, plant tissue, season and photoperiod (Yan and Chen, 2007; Petersen et al., 2002; Chen et al., 2001; Rosa, 1997). Further in-depth analyses with a higher number of replicates and also single plant preferably cloned plant material to identify effectsdue to these factors between genotypes and accessions of spider plant are necessary.These kind of analysis would also inform recommendations of specific accessions for breeding focusing on enhancing these nutrients.  A recent study has reported acancer preventive potential of Brasica carinata, an African indiginous leafy vegetable, using human liver cancer cells (HepG2) (Odongo et al., 2017). This kind of analysis would also be fitting for spider plant to increase the scientific knowledge of its health potential.  
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5. Appendices 5.1. AFLPadapters preparation MseI adapter (MseI O + U) [50 pmol/µL] Dilute the MseI O and the MseI U oligonucleotides, separatly synthesized by the manufacturer, to 100pmole/µL (= 100 µM).  Mix equal volumes of both oligonucleotides. This results in a final concentration of 50 pmol/µL (one oligo is diluted by the other 1:1). Prepare aliquotes of 50µl. AdapMseI-oben 5’-GAC GAT GAG TCC TGA G-3’ AdapMseI-unten 5’-TA CTC AGG ACT CAT-3’ HindIII adapter (HindIII O + U) [5 pMol/µL] Dilute the HindIII O and the HindIII U oligonucleotides, separatly synthesized by the manufacturer, first to 100 pmole/µL (= 100µM). Prepare aliquotes of 50µl in 1.5ml tubes. Dilute one tube each to to 10 pmole/µL (+ 450µl H2O). Mix equal volumes of both oligonucleotides. This results in a final concentration of 50 pMol/µL. Prepare aliquotes of 50µl. AdapHind-oben 5’-CTC GTA GAC TGC GTA CC-3’ AdapHind-unten 5'-AGC TGG TAC GCA GTC TAC-3' Oligonucleotides sequences  DNA-Adapter Sequences MseI O 5’-GACGATGAGTCCTGAG-3’ MseI U 5’-TACTCAGGACTCAT-3’ HindIII O 5’-CTCGTAGACTGCGTACC-3’ HindIII U 5’-AGCTGGTACGCAGTCTAC-3’  AFLP-Primer Sequences MseI+0 5'-GACGATGAGTCCTGAGTAA-3' HindIII+0 5'-AGACTGCGTACCAGCTT-3' MseI+XXX 5'-GATGAGTCCTGAGTAA XXX-3' HindIII+XXX (IRD 700 or 800) 5'-GACTGCGTACCAGCTT XXX-3' 5.2. Buffers, dyes and working solutions used 10x RL Buffer 100 mM Tris HCL 100 mM MgAc 500 mM KAc 50 mM DTT (77 mg/10 mL) pH 7.5 10 x Williams buffer 10 ml of 100 mM Tris/HCL, pH 8,3 50 ml of 500 mM KCL 2 ml of 20 mM MgCl2 10 ml of Gelatine (0.1 %) 28 ml of H2O Loading dye for the Licor Sequencers 49 ml of 98% Formamide 0.5 ml of 10 mM EDTA 25 mg of Pararosanilin (0.05%) 1x TAE buffer 40 mM Tris 1mM EDTA pH 8.0 (adjust with concentrated acetic acid) 1x TBE buffer(pH 8.0) 89 mM Tris 89 mM Boric acid 2 mM Na2EDTA 10x DNA loading buffer 0.25 % (w/v) Orange G (Merck Millipore, Darmstadt, Germany) 30.00 % (w/v) Glycerin 1mM EDTA pH 8.0 
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5.3. Components of the acrylamide gels Thecomponentsandtheiramountusedforthepreparationof6%acrylamidegelsusingtheSequaGelXRsolution are listed in Table 24. Componentsusedforthepreparationof6%acrylamidegels.  SSR AFLP Monomer Solution Complete Buffer APS (10 %) 12 ml 3 ml 120 µl 16 ml 4 ml 160 µl 5.4. The principle of M13-SSR-PCR To consider: Order the forward Primer with a M13-tail, i.e. add the sequence GTAAAACGACGGCCAGT to the 5’-end of the forward Primer. (Example RMS015: 5`GTA AAA CGA CGG CCA GTT AAT GTA GGC AGA TAT AAA GGA GT 3`) The 700 or 800 IRD labelled M13-Primer (forward = uni) can be used. The concentration of the stock solution is 100 pmol/µL. The dilution is 1:40 (1 µL Primer + 39 µL H2O) to obtain a working solution with a concentration of 2.5 pmol/µL. Avoid exposure to light!!! (Note: there are 10 µL aliquots of stock solution in the freezer. Please dilute these completely and make 40 µL aliquots. Finish these aliquots before new dilutions are made.) M13-SSR-PCR  Single SSR Reaction (10 µl) in tubes H2O [µl] 5,65 10x Williams Buffer [µl] 1 dNTPs (2mM) [µl] 0,75 Taq-Polymerase DCS (5U/µl) [µl] 0,1 M13 tailed forward primer (0,5pmol/µl = 1:200) [µl] 0,5 M13 forward labelled (2,5pmol/µl = 1:40 ) [µl] 0,5  reverse primer (5,0 pmol/µl = 1:20) [µl] 0,5 Reaction Volume [µl] 9,00 DNA (10ng/µl) [µl] 1,0 
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 Figure 7: Principle of M13-SSR-PCR(from Schuelke, 2000) 5.5. AFLP and SSR markers gel profiles 

 Figure 8: Amplified fragment length polymorphism (AFLP) banding patterns for the spider plant genomic DNA from 4 accessions. Hind III (ATA) and Mse I (GAC)   
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 Figure 9: Simple sequence repeat (SSR) marker CG001 banding patterns for the spider plant genomic DNA from 4 accessions.   
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