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Abstract 

African nightshade is an indigenous leafy vegetable in sub-Saharan Africa valued for its high 

nutrient content and therefore provide nutritional security and also potential to generate 

income especially to small scale farmers. Production is however below potential due to lack 

of superior varieties that are high yielding and tolerant to environmental stresses. 

Development of varieties through breeding programs has been initiated in order to supply 

farmers with quality seeds. The efforts to improve this crop however have been hampered by 

limited information available on intra- and interspecific genetic diversity. In this study new 

SSR markers developed using next generation sequencing and AFLP markers were used to 

assess genetic diversity and differentiation in 54 African nightshade entries. The genotypes 

comprised entries of two species, Solanum scabrum (Mill.) and S. villosum (Mill.) including 

developed lines and farmer cultivars. Morphological traits relevant for agronomic 

performance of the entries were also analysed. In addition to the diversity studies, the genome 

size and pollen viability parameters were determined. The molecular markers clearly 

distinguished the two species and S. scabrum was found to be less diverse as compared to S. 

villosum. Farmer cultivars had higher allelic richness and a larger number of unique alleles 

than developed lines. Analysis of molecular variance showed higher variation within than 

between entries. Cluster analysis grouped the entries into two clusters representing the two 

species. The analysis of agronomic traits revealed significant differences between entries. All 

entries of S. scabrum were found to be hexaploid whereas entries of S. villosum were 

tetraploid with a haploid genome size of all samples slightly varying around 1pg. Pollen 

viability parameters significantly differed between the two species but did not correlate to 

any of the other parameters measured in this study. 

Key words: AFLP, indigenous leafy vegetable, S. scabrum, SSR, S. villosum. 
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Zusammenfassung 

“African nightshades” umfassen indigene, traditionelle Blattgemüse, die in Afrika südlich der 

Sahara wegen ihres Nährstoffgehalts geschätzt werden und die ein großes Potential für 

zusätzliches Einkommen kleiner Farmen darstellen. Durch die zu geringe Verfügbarkeit von 

Sorten mit ausreichendem Ertrag und Toleranz gegen Stressfaktoren bleibt die Produktivität 

dieser Gemüsearten jedoch hinter den Möglichkeiten zurück. Es wurden jedoch bereits 

Zuchtprogramme gestartet, die zum Ziel haben der Landwirtschaft verbessertes Saatgut zur 

Verfügung zu stellen. Diese Zuchtprogramme sind jedoch in ihrer Effektivität durch fehlende 

Informationen über die verfügbare inter- und intraspezifische genetische Variabilität der 

Gemüsearten begrenzt. In der hier vorgelegten Dissertation wurden neue SSR-Marker durch 

das so genannte „Next-Generation-Sequencing“ entwickelt und zusammen mit AFLP 

Markern dazu verwendet, die genetische Diversität innerhalb und zwischen 54 Herkünften 

von „African nightshades“ zu untersuchen. Die untersuchten Genotypen umfassten Herkünfte 

zweier Arten, Solanum scabrum (Mill.) und S. villosum (Mill.) wobei sowohl sogenannte 

„developed lines“ (Zuchtlinien) als auch Landrassen lokaler Farmen untersucht wurden. 

Zusätzlich zu den molekularen Markern wurden auch morphologische Merkmale mit 

Bedeutung für die landwirtschaftliche Nutzung untersucht. Außerdem wurden die 

Genomgröße und die Pollenvitalität bestimmt. Die Analysen mit molekularen Markern 

resultierten in einer klaren Trennung der beiden Arten, wobei S. scabrum eine generell 

geringere genetische Diversität aufwies als S. villosum. Die Landrassen wiesen eine höhere 

Alleldiversität sowie eine größere Zahl an herkunftsspezifischen Allelen auf als die 

sogenannten „developed lines“. Die Analyse der molekularen Varianz zeigte, dass es eine 

höhere genetische Variabilität innerhalb als zwischen den Herkünften gab. Eine 

Clusteranalyse gruppierte die Herkünfte entsprechend ihrer Artzugehörigkeit. Auch die 

Untersuchung der morphologischen Merkmale zeigte signifikante Unterschiede zwischen den 
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Herkünften auf. Alle Herkünfte von S. scabrum wurden als hexaploid charakterisiert, 

während alle Herkünfte von S. villosum tetraploid waren, wobei die Genomgröße des 

haploiden Genoms bei allen Herkünften im Bereich um 1pg lag. Die Werte für die Vitalität 

des Pollens unterschieden sich signifikant zwischen den beiden Arten, waren aber mit keinem 

anderen untersuchten Merkmal korreliert. 

Schlagwörter: AFLP, traditionelle Blattgemüse, Solanum scabrum, SSR, S. villosum. 
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Abbreviations  

 

AFLP Amplified Fragment Length Polymorphisms 

ANOVA Analysis of variance 

CV Coefficient of variation 

DNA Deoxyribonucleic acid 

PCoA Principal coordinate analysis 

PCR   Polymerase chain reaction 

PIC Polymorphism information content 

RAPD Random Amplification of Polymorphic DNA 

RFLP Restriction Fragment Length Polymorphism 

SD Standard deviation 

SSR Simple sequence repeats 
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1 General introduction 

1.1 Description of African nightshades 

African nightshades comprise several species within the section Solanum. There are 30 

species reported in the section and about 12 species are found in Africa (Shackleton et al., 

2009). African nightshades are utilized mostly as leafy vegetables in sub-Saharan Africa 

(Berinyuy et al., 2002; Chweya and Eyaguirre, 1999; Edmonds and Chyweya, 1997; Ojiewo 

et al., 2013a). They can also be used as herbal medicine (Schippers, 2000) and also as source 

of dye (Lehmann et al., 2007). In spite of the big diversity only a few species have 

widespread use. The most popular species utilized as vegetables are Solanum scabrum, S. 

villosum, S. retroflexum, S. americanum and S. sarrachodes (Mwai et al., 2007; Ojiewo et al., 

2013b). Some species are specific in distribution and a large number are distributed widely 

across different geographical locations (Maundu et al., 2009). Historically, African 

nightshades were conserved and utilized by farmers in home gardens or harvested from the 

wild (Dinssa et al., 2014). The area under cultivation is still low since they are produced at 

subsistence level (Tuwei et al., 2013). Empirical data have shown that African nightshades 

are rich in micronutrients (Kamga et al., 2013; Luoh et al., 2014) and easy to cultivate and 

therefore have a potential to provide nutritional security and a source of livelihood for the 

resource poor rural communities. The realization of its high nutrient level has led to increase 

in consumer demand which currently surpasses the production. Low productivity may be due 

to environmental factors and poor agronomic techniques. But the major production bottleneck 

though is access to quality seed stock (Dinssa et al., 2013).  
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1.1.1 Genetic resources and breeding in African nightshades 

African nightshades are propagated from seeds. They are generally autogamous although low 

levels of outcrossing do occur. The absence of a self-incompatibility system is useful in 

stabilizing any crossings that are made, whereby the new populations will be sufficiently 

uniform after only 2-3 generations. Cultivars can thus be created within a short period. 

Farmers prefer cultivars which are high yielding with long seasonality of picking, uniformity 

and resistance to biotic and abiotic stresses (Afari-Sefa et al., 2012). Consumers seek for 

quality and nutritional value. Seed companies select for improved cultivars with both high 

leaf and seed yield (Dinssa et al., 2015). Unfortunately there are still gaps in the knowledge 

of taxonomy of this section (Ronoh et al., 2017). Moreover little information about breeding 

potential is available.  

1.1.2 Origin and description of African nightshades 

African nightshade is an annual dicot with erect or decumbent growth habit growing between 

0.5 to 1.0 m high (Edmonds and Chyweya, 1997). Leaves maybe oval or lanceolate and sizes 

vary considerably between species ranging between 8-15 cm long, entire or angularly lobed 

and slightly hairy. The inflorescence is a simple cyme and flowers may be purple or white. 

Berries are 5 to 12 mm in diameter, green when unripe and turn purple, orange or yellow 

when ripe depending on species. There is much diversity in African nightshades related to 

growth patterns, leaf sizes, tastes (bitterness), flowering time, colour, (Mwai et al., 2007) as 

well as nutritional and nutraceutical value, along with quantities and composition of anti-

nutrient factors ( Jared et al., 2016; Mohyuddin et al., 2010). The origin of the majority of 

Solanum species is within South America. The most popular African representatives of 

Solanum can also be found in areas of Europe, Asia, but the most valued nightshade 

vegetable species S. scabrum, is native to Australia (http/www.pfaf.org/database/plants). 
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1.1.3 Growing conditions  

African nightshade is propagated from seeds. It performs well in a varying degree of climatic 

conditions, but grows best within cool, high-moisture environments in both medium and high 

altitudes (Ondieki et al., 2011a). Shady conditions cause a reduction in total plant weight, as 

well as leaf yield. Though African nightshade can tolerate shade, growth is better when the 

plant is exposed to full sunlight (Ojiewo et al., 2013a). For adequate growth of African 

nightshades annual rainfall of approximately 500–1200 mm is necessary (Masinde et al., 

2006). African nightshades grow in a variety of soils but require large amounts of nutrients 

and are best adjusted to soils with high nitrogen, phosphorous and are rich in organic matter 

(Khan et al., 2000; Ondieki et al., 2011b). Nitrogen fertilizer increases leaf yields 1.5-2.5 

folds when applied at 52 kg/ha (Ayua et al., 2016; Masinde et al., 2009; Opiyo, 2004). Sandy 

loam to friable clay soils with a pH of 6.0-6.5 are appropriate. Plant heights, leaf numbers and 

area, as well as leaf yields, increase when a higher volume of phosphorus fertilizer is used 

(Tuwei et al., 2013). African nightshade is ready for harvest 4-6 weeks past transplanting. 

Picking of leaves is done in weekly intervals and the African nightshade can be sun-dried 

post-harvest as a means of preservation (Ojiewo et al., 2013b). 

1.1.4 Pests and diseases  

Pests and diseases of African nightshade are similar to those of other representatives of the 

Solanaceae family and include aphids, spider mites, early and late blight (Boydston et al., 

2008). Beetles (Lagria spp.) and bacterial wilt have also been reported. Aphids (Aphis fabae) 

feed by sucking plant sap, causing the leaves to curl. The feeding of spider mites may cause a 

decrease in plant growth, flowering, and number of berries and seeds (Mureithi et al., 2017).  

Early blight caused by Alternaria solani mostly found in lowland regions causes brown leaf 

spots, up to 1 cm in diameter in a circular pattern. It often occurs under warm conditions, 

beginning on the oldest leaves, making its way up the plant.  However, major infestations are 
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due to late blight caused by Phytophthora infestans during wet seasons in tropical highlands 

(www.infonet-biovision.org/planthealth/crops/African-nightshade). Dumping-off disease 

caused by Pythium spp. results in significant losses at seedling stage (Juma et al., 2017). 

1.2 Assessing diversity using molecular markers 

Genetic diversity is a critical component of biodiversity. The conservation and sustainable 

use of plant genetic resources require accurate identification of their accessions. Classical 

methods of estimating the genetic diversity or relatedness among groups of plants have relied 

upon morphological characters. However, these characters can be influenced by 

environmental factors. Molecular markers avoid complications of environmental effects 

acting upon characters and represent a reliable and potentially rapid method for 

characterizing diversity for in situ and ex situ conservation (Costa et al., 2016; Idrees and 

Irshad, 2014). Molecular markers are commonly used to identify genetic variations and 

similarities among species, varieties, or accessions and therefore provide important input in 

screening and selection of germplasm within crop improvement programs and conservation 

(Govindaraj et al., 2015). Molecular markers also provide easy and more effective tools for 

assigning known and unknown plant taxa and to answer evolutionary and taxonomic 

questions (Arif et al., 2010). Important properties of ideal molecular markers include; high 

degrees of polymorphism, codominant inheritance, they frequently occur in the genome and 

are reproducible (Idrees and Irshad, 2014). Different types of molecular markers are available 

and more continue to be developed. Molecular markers such as AFLP and SSR are suitable 

for diversity analysis and fingerprinting (Varshney et al., 2007). These two markers were 

used in the current study. 

AFLPs are highly reproducible and can be applied on different species (Semagn et al., 2006). 

They have been used extensively for phylogenetic analysis and for determining genetic 

diversity for the conservation of endangered plant species (Teyer et al., 2009). This method 
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combines restriction enzyme digestion followed by ligation of adaptor sequences and PCR 

involving primers modified by adding 2 to 4 selective nucleotides. The basis of observed 

polymorphism may be mutations in restriction site sequences or in sequences complementary 

to adaptor and selector nucleotides. They are distributed throughout the genome and can be 

used as a marker of choice to assess variation in closely related plant species (Despres et al., 

2003).  

SSRs have proven to be versatile molecular markers particularly for population analysis. 

They have also been used to establish conservation strategies of endangered species 

(Mcglaughlin et al., 2009: Noda et al., 2009).  Their distribution throughout the genomes of 

many fully sequenced organisms is quite dense, unequal and seemingly non-random 

(Morgante et al., 2002). SSRs developed for a particular species can in some cases be applied 

to closely related species. They often present high levels of inter- and intra- specific 

polymorphism (Miah et al., 2013). Tandemly repeated sequences are amplified and are the 

source of polymorphism. All SSR types except trinucleotides and hexanucleotides are 

significantly less frequent in the predicted protein-coding sequences compared with the 

noncoding fraction in plant species (Kalia et al., 2011). Heterozygotes for different fragments 

can be easily distinguished. Individual loci corresponding to specific primer pairs are 

therefore co-dominant and can be multi-allelic. Microsatellites are often found in regulatory 

regions, e.g. untranslated regions as well as in introns (Zhang et al., 2004). Their distribution 

in the genome influences the practical implications of their use as molecular markers. For 

example microsatellite markers from noncoding regions are sufficiently polymorphic to 

discriminate between closely related taxa (Varshney et al., 2005).  

SSRs may be classified as;  

1. Perfect or simple perfect or pure repeats are composed of only one motif without 

interruption (CA)n. 
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2. Simple imperfect repeats consist of interrupted repeat motif (CA)nN(CA)n+1. 

3. Compound or simple compound repeats contain stretches of two or more different 

repeat motifs (CA)n(GA)n. 

4. Interrupted or compound imperfect repeats contain interruption in a compound repeat 

motif (CCA)nNN(GCA)n+1. 

 Imperfect repeats are more stable due to being less prone to slippage mutations than perfect 

repeats.  

1.2.1 Genetic diversity parameters 

One of the most widely used parameters to measure diversity within a population is 

heterozygosity. Often observed and expected heterozygosity or gene diversity are compared.  

These measures are sensitive to differences in allele frequencies. A decrease in observed 

heterozygosity can induce a decrease average fitness in a population (Reed and Frankham, 

2003; Szulkin et al., 2010). Higher expected heterozygosity shows higher allele diversity in a 

population. This parameter is important in conservation strategies because it accounts for 

allele evenness which is important for population response to bottleneck events (Caballero et 

al., 2010). 

Another criterion for measuring diversity is allelic richness. It is a measure of genetic 

diversity of a population’s long term potential for adaptability and persistence (Greenbaum et 

al., 2014; Wagner, 2008).  It is insensitive to allele frequencies and therefore favours rare 

alleles. While heterozygosity quantifies effective number of alleles, allelic richness quantifies 

actual number of alleles (Petit et al., 1998). Analysis of allelic richness may be complicated 

by effects of sample size. This however may be mitigated through rarefaction (Foulley and 

Ollivier, 2006). A third locus-level diversity measure recently developed is Shannon’s index 

(Sherwin et al., 2006).  With this index both common and rare alleles are weighted 

proportionally. 
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1.2.2 Population structure tools 

Determination of the genetic structure of germplasm collections is important for both 

conservation and utilization of genetic resources. Population structure infers relationships 

among individuals and genetic similarities and differences within and between groups of 

genotypes and also their evolutionary history. Methods of reconstructing population structure 

include distance based phylogenetic methods (Pickrell and Pritchard, 2012), model based 

clustering approaches (Alexander et al., 2009; Pritchard et al., 2000) and multivariate 

consensus representation of genetic relationship among populations (Price et al., 2006). 

Various coefficients such as Dice, Jaccards, Squared Euclidean distance are used for genetic 

similarity or dissimilarity (Kosman and Leonard, 2005). In addition, analysis of molecular 

variance may be used to partition variance to infer population structure (Excoffier, et al., 

1992). The choice of appropriate coefficients and methods are determined by the marker 

system used as well as the objective of the experiment. Descriptive procedures such as cluster 

analysis are useful in highlighting interesting populations. The reliability however, has to be 

tested with appropriate statistical methods such as bootstrapping. 
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1.3 Objectives 

African nightshades have a potential to contribute nutritional security and also provide a 

source of livelihood. This potential has however not been fully met. The major bottleneck is 

lack of quality and affordable seed varieties.  Analysis of genetic structure and diversity of 

African nightshade as well as investigation of reproductive biology will build a knowledge 

base for developing improved varieties to supply farmers with quality seeds.  This study 

aimed at contributing towards developing superior varieties of African nightshades by 

undertaking the following objectives; 

1. To analyse the genetic diversity in African nightshade entries using molecular markers 

i. Development and establishment of SSR and AFLP markers for diversity analysis. 

ii. Analysis of population structure and diversity within and between of African 

nightshade entries. 

2. To analyse cytological and reproductive biology of African nightshade. 

i. Determination of ploidy levels and DNA content of selected African nightshade 

entries. 

ii. Assessment of pollen viability by in vitro germination. 

3. Evaluation of African nightshade entries using phenotypic traits in field experiments to 

analyse the variation in morphological traits relevant for agronomic performance.  
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 Supplementary figures and tables 

Table A.1: African nightshade entries used in the study, their affiliation and original 

accession sources 

Entry Received as Proposed as 
Germplasm 

type* Source 

Original 

accession 

source 

ABUK3 S. villosum S. villosum Cultivar JKUAT Kenya 

ACC.1 S. villosum S. villosum Landrace Kericho Kenya 

ACC.9 S. villosum S. villosum Landrace Kisii Kenya 

ACC.10 S. villosum S. villosum Landrace Kisii Kenya 

ACC.11 S. villosum S. villosum Landrace Kisii Kenya 

ACC.25 S. villosum S. villosum Cultivar Nakuru Kenya 

ACC.27 S. villosum S. villosum Landrace Nakuru Kenya 

ACC.28 S. villosum S. villosum Landrace Nakuru Kenya 

ACC.29 S. villosum S. villosum Cultivar Nakuru Kenya 

ACC.30 S. villosum S. villosum Landrace Nakuru Kenya 

ACC.31 S. villosum S. villosum Landrace Kisii Kenya 

ACC.32 S. villosum S. villosum Landrace Kisii Kenya 

BG01 S. villosum S. villosum Line WorldVeg Tanzania 

BG03 S. villosum S. villosum Line WorldVeg Tanzania 

BG20 S. villosum S. villosum Line WorldVeg Tanzania 

IP01 S. nigrum S. villosum Line WorldVeg Kenya 

IP03 S. nigrum S. villosum Line WorldVeg Kenya 

MW13 S. sarrachoides S. villosum Line WorldVeg Kenya 

MW17 S. villosum S. villosum Line WorldVeg Kenya 

MW18 S. spp S. villosum Line WorldVeg Kenya 

ABUK1 S. scabrum S. scabrum Cultivar JKUAT Kenya 

ABUK2 S. scabrum S. scabrum Cultivar JKUAT Kenya 

ACC.3 S. scabrum S. scabrum Cultivar Kisumu Kenya 

ACC.4 S. scabrum S. scabrum Cultivar Kisumu Kenya 

ACC.6 S. scabrum S. scabrum Cultivar Kakamega Kenya 

ACC.7 S. scabrum S. scabrum Cultivar Kakamega Kenya 

ACC.8 S. scabrum S. scabrum Cultivar Kisumu Kenya 

ACC.15 S. scabrum S. scabrum Cultivar Kakamega Kenya 

ACC.16A S. scabrum S. scabrum Cultivar Kakamega Kenya 

ACC.16B S. scabrum S. scabrum Cultivar Kakamega Kenya 

ACC.18 S. scabrum S. scabrum Cultivar Kisumu Kenya 

ACC.20 S. scabrum S. scabrum Cultivar Kisumu Kenya 

ACC.21 S. scabrum S. scabrum Cultivar Kakamega Kenya 

BG04 S. scabrum S. scabrum Line WorldVeg Tanzania 

BG16 S. scabrum S. scabrum Cultivar WorldVeg Tanzania 

BG07 S. scabrum S. scabrum Line WorldVeg Tanzania 

BG13 S. scabrum S. scabrum Line WorldVeg Tanzania 

BG14 S. scabrum S. scabrum Line WorldVeg Tanzania 
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BG28 S. scabrum S. scabrum Line WorldVeg Tanzania 

IP09 S. villosum S. scabrum Line WorldVeg Kenya 

IP21 S. scabrum S. scabrum Line WorldVeg Cameroon 

IP10 S. villosum S. scabrum Line WorldVeg Kenya 

MW07 S. eldoretianum S. scabrum Line WorldVeg Tanzania 

MW10 S. retroflexum S. scabrum Line WorldVeg Kenya 

MW22 S. scabrum S. scabrum Line WorldVeg Kenya 

MW23 S. scabrum S. scabrum Line WorldVeg Kenya 

MW25 S. scabrum S. scabrum Line WorldVeg Kenya 

MW28 S. scabrum S. scabrum Line WorldVeg Kenya 

SS09 S. scabrum S. scabrum Line WorldVeg Cameroon 

SS40 S. scabrum S. scabrum Advanced line WorldVeg Cameroon 

SS042 S. scabrum S. scabrum Advanced line WorldVeg Cameroon 

SS49 S. scabrum S. scabrum Cultivar WorldVeg Tanzania 

SS52 S. scabrum S. scabrum Advanced line WorldVeg Cameroon 

IP02 S. nigrum Solanum spp.  Line WorldVeg Kenya 
*Landraces obtained from famers; Cultivars obtained from commercial outlets 

 

 

Table A.2: Types of SSR motifs and number of DNA contigs containing these types, number    

of SSRs selected for primer design, and number of primer pairs obtained by 

Primer3 

Motif type No. of contigs 

with SSR motifs 

Selected contigs No. of primer 

pairs 

Dinucleotide 1452 31 17 

Trinucleotide 3671 20   7 

Tetranucleotide 4141 35 16 

Pentanucleotide  959 21   8 

Hexanucleotide          28678 43 20 

Total          38901 150 68 
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Table A.3: Name, motive type, primer sequences, annealing temperature and estimated fragment size in bp of the 68 microsatellite loci designed for African 

nightshades 

 

Name Motif Forward primer Reverse primer AT bp 

Di_Ole2160 (TC)19 

 

GTAAAACGACGGCCAGTATCTGAAGCGCGGTGTATCT GCATGGGCTCTCTCTCTCTC 59 230 

Di_Ole7313 (TG)16 GTAAAACGACGGCCAGTAAGTTCACGTGGAGATATTGAGC CAAGTGATACAAGAGCGAATGA 58 161 

Di_Ole14831 (TA)15 GTAAAACGACGGCCAGTTTTTGGAGTTTGGGATCGAG AATAGGGATAGGGGCGAGTG 60 231 

Di_Ole16454 (AG)20 GTAAAACGACGGCCAGTATTTGTGCCTGACCAAGACC TCCAACGTATGTGGGATTGA 59 217 

Di_Ole16650 (TC)19 GTAAAACGACGGCCAGTATCTGAAGCGCGGTGTATCT GGTTCCCTGTCAATGCAAAC 60 244 

Di_Ole21469 (TG)23 GTAAAACGACGGCCAGTGAGGATTGTGTTTTTAGGGGG TGGGGAGAGAGGGATTTCTT 60 265 

Di_Ole26543 (TA)15 GTAAAACGACGGCCAGTTTTGAGTTCAGTACAACTCGTGG GCGTTTCCAATCAACCCTAA 59 103 

Di_Ole30104 (TC)18 GTAAAACGACGGCCAGTAACCTTTTGCTTCATTTGCG GGGGAAAACACAGGAACAGA 59 261 

Di_Ole38244 (GA)19 GTAAAACGACGGCCAGTTCTTCCATCTTGACGACCCT ATCTGAAGCGCGGTGTATCT 59 163 

Di_Ole48966 (AT)17 GTAAAACGACGGCCAGTCCACAAATGGAATTGTCTTCG TTGAAGGTTTGATGCTTGACC 60 191 

Di_Ole58556 (AG)19 GTAAAACGACGGCCAGTAATCGAACCAATCCAATCCA CGTTTCGCATCCTCATTTTT 60 118 

Di_Ole59630 (TA)19 GTAAAACGACGGCCAGTGTCATGCCTGGTTTTCGATT CTCCTCTCAGACTCTCTCTTTGC 59 277 

Di_Ole60059 (TA)16 GTAAAACGACGGAGTCCCTTTTCTTTCCACAACCA TCCCATGGATACCAAGTGTG 59 157 

Di_Ole84285 (TA)15 GTAAAACGACGGCCAGTATTTTCCGGTACTCCGTGGT GAACTGAGCAAACGGAGGAG 59 191 
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DI_Ole87021 (GA)16 GTAAAACGACGGCCAGTGAAAAAGGGGGATCTTGTGA TATGCTTGCACACTAAGGCG 60 165 

Di_Ole111281 (AT)15 GTAAAACGACGGCCAGTGACTTGAGTGGTGGAAAACG CCCGTGTTTCTTTTGATTAGC 58 130 

Di_Ole114286 (AT)15 GTAAAACGACGGCCAGTCCAAACTCGAAAAGGGATTG TTTACCTCATTGGCCGAAAC 59 257 

Tri_Ole7458 (TAT)16 

 

GTAAAACGACGGCCAGTGGGAAAAGGGTAAAAATGTCC TGAATGGAAAGGAACGGAGT 59 181 

Tri_Ole17608 (ATA)15 GTAAAACGACGGCCAGTAGGGATCGTTTGGTAGAGCA TACTGGATTTTGGACCCCTG 59 160 

Tri_Ole26856 (AAG)20 GTAAAACGACGGCCAGTAGAGCACATTTGCCACTCCT TGACCCTATTCTTCCTCTTCCTC 60 131 

Tri_Ole48678 (TTA)15 GTAAAACGACGGCCAGTCATGTGACAATCAGTTCTGGG CGATGGTTAATCTTCATAGGTTCAG 60 231 

Tri_Ole49229 (CTT)16 GTAAAACGACGGCCAGTTGCTGCTTGCCGCTATTATT TAGAAGCAAAACGAAACGGC 60 176 

Tri_Ole55169 (AAT)15 GTAAAACGACGGCCAGTAGATGCTCAGGACCCAAATG ACCTAATTTGACGCGTGCTT 59 229 

Tri_Ole102542 (TTA)15 GTAAAACGACGGCCAGTGTCTTGCTTAAAGTCAATTGGTAGC GATTGGCAATTTGTGGATGA 59 206 

Tet_Ole1488 (TTGT)6 

 

GTAAAACGACGGCCAGTTAATGCTCTGTGATGCCTGC CCTGGTTATAGTGGGCAAGG 59 260 

Tet_Ole7092 (AATA)6 GTAAAACGACGGCCAGTGGGAGTTGTTCGGATGATAAA CAGCAAGAAAGTGGCATTGA 59 256 

Tet_Ole17646 (TTAT)6 GTAAAACGACGGCCAGTGGTCTTTGATCTGCTGGGAA AACAACTCCCTCGGCTTGTA 59 235 

Tet_Ole20163 (TTTA)6 GTAAAACGACGGCCAGTGCCACTGCTTTCTTATGATTTTCC GGAAAGTTCAATTTGACACGG 59 140 

Tet_Ole27092 (AAAT)6 GTAAAACGACGGCCAGTCTTGAGGAGCATGCAGAACA ATCTGTTACCTTCGAGGCGA 59 161 

Tet_Ole36530 (TTTC)8 

 

GTAAAACGACGGCCAGTCGCGCTCAGAATTGGTTATT GGAAGAGATACATACGCATACCC 59 150 

Tet_Ole38559 (ATAG)10 GTAAAACGACGGCCAGTGTCAACCTACATTTATATCCGTGC CTGCAACGACAAACACAAGAA 59 270 
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Tet_Ole45471 (TATG)10 GTAAAACGACGGCCAGTTGGTCGTTACCTGCGTACAA TTGAGTTCTTGTGTGTGTGTGTG 59 222 

Tet_Ole50723 (AATA)6 

 

GTAAAACGACGGCCAGTAGAAAAAGCAGTGAATGCCC CAAACTATTGTGGGGTTCCA 58 192 

Tet_Ole50895 (TAAA)6 GTAAAACGACGGCCAGTCGTGCCTAGTTTTACCCCAA TTAGTCCAACCCAAAACCCA 60 158 

Tet_Ole61583 (AAAT)6 

 

GTAAAACGACGGCCAGTTTAAACATAGCCAACCCCCA TTCTTTGGCATGCTAGGATAGA 58 232 

Tet_Ole68971 (ATAA)7 GTAAAACGACGGCCAGTCGGTTTTGATGTTAGGGTATGA CCAAATGTGGTATTTGCCCT 59 209 

Tet_Ole77901 (TTTC)6 GTAAAACGACGGCCAGTAGTCCGTTTCCTTTTGAACG GCAAATGCTGAATCATCACA 58 169 

Tet_Ole81848 (TTAT)6 GTAAAACGACGGCCAGTGACTGTTACGTTTGCAGCCA AGCAGAACTGACCAAATGAACA 59 216 

Tet_Ole101141 (GTAT)6 

 

GTAAAACGACGGCCAGTTTGATACAATGGGGGTGGTT TCCATCCATTAAAACGGAGC 59 174 

Tet_Ole106079 (CAAA)6 GTAAAACGACGGCCAGTCCTCTTGAGAAGCTCCAACG CGATGACCCAGATCCTGAAT 59 168 

Pen_Ole1865 (TAAAA)5 

 

GTAAAACGACGGCCAGTTGCTTAAGAGGTGCTTACGTG GGAACAAATGCTTGTGAAGGA 60 258 

Pen_Ole2020 (GTAAA)6 GTAAAACGACGGCCAGTCCCGATTTATATGTACACCACTGA TGCTGAAAGTCCCTGTCCTC 60 253 

Pen_Ole14507 (TTCTC)5 GTAAAACGACGGCCAGTGAACCGTCCATCACCTGACT TTGAGACGCACCTTTTGTTG 59 165 

Pen_Ole20708 (AAACA)5 GTAAAACGACGGCCAGTTTGATTCTTGTGCCCATGTC GGCAGCCCTGAACTTAGGTA 59 225 

Pen_Ole56306 (TTTTA)5 GTAAAACGACGGCCAGTAGCAGATTACGCGGCTAGAA TTTCCTTTAGAAGAATGGGACG 59 251 

Pen_Ole69791 (TCAAA)5 GTAAAACGACGGCCAGTTTGCATGCATTTCAACCAAC TCATAGGTCCCCCACCACTA 59 219 

Pen_Ole72993 (TATAT)8 GTAAAACGACGGCCAGTTGCTTAGCCCAAGAGACGTT ATGCATGCAATTCTAATGCG 59 245 

Pen_Ole118759 (TTATA)8 GTAAAACGACGGCCAGTTTCTTAGGGTCGGAATTACTGAG ACAGACCTTTTCCAACTCCG 59 178 
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Hex_Ole24089 (CTCATC)4 

 

GTAAAACGACGACGGCCAGTATCATGTGAACCCCTTGCTC GGGAAGGAATAGGGTGAGGA 60 242 

Hex_Ole25912 (GAAGAG)10 GTAAAACGACGGCCAGTGGAAGGATGGACGAGAATCA CTCTCTCAATTCTCTCCAAATCTGA 60 242 

Hex_Ole31638 (GGGATT)4 GTAAAACGACGGCCAGTGAGCAAAGGTCTTGACGGAG TTTGATGCTGTCTGGCACTC 60 190 

Hex_Ole31972 (TTCAAT)4 GTAAAACGACGGCCAGTGCGCTCTACTTTTGTTTCGC GTTCACACCCACTTCGAACA 59 114 

Hex_Ole34210 (AAAAAC)4 GTAAAACGACGGCCAGTTCAGGAGCCATCCAATAAGG CAGATGTGGTAGCCAAGCAA 59 232 

Hex_Ole34975 (TAATTT)4 GTAAAACGACGGCCAGTGACGGATCAAGAGTCAACCC GTGGTGAACACATGTCATATTGTCT 60 160 

Hex_Ole47850 (TTTTTG)4 GTAAAACGACGGCCAGTTCGATGTTTCCCTCATCTCC TGAAATACACTGCGGTTGGA 60 264 

Hex_Ole48689 (AGAAAA)6 GTAAAACGACGGCCAGTCAGTCACCAAAGTAATAGTAGCCC TCCTTCACATGAAATGGTGG 59 107 

Hex_Ole52252 (GAGTTG)4 GTAAAACGACGGCCAGTCTGGTTCAACGGACAACCTT AGCTTCACTAACGGCCACAC 60 204 

Hex_Ole55182 (TAAATA)5 GTAAAACGACGGCCAGTTGGTCAATGCCTTTTCTTCC TAATGTTGCCTTCCCCATTC 59 155 

Hex_Ole56218 (AAAAAC)4 GTAAAACGACGGCCAGTCACCAAATAAATGGCTGCAT CCTGGATTGAACCTCTCCAA 60 260 

Hex_Ole70403 (TTTCTT)4 GTAAAACGACGGCCAGTCACACTAAAGGCTGTTTAATTCCC TCAATTCCGGGATTAATGGA 60 110 

Hex_Ole78838 (TAAAAA)4 GTAAAACGACGGCCAGTGTCGGATTGATTTGTTCTCG CGACCCCTGAATGTCTTTGT 60 211 

Hex_Ole94855 (ATAAAA)4 GTAAAACGACGGCCAGTGTTGACAAAGGGAAAGGACC CACGCGGAATTGTCTAATCA 59 115 

Hex_Ole95897 (AAAAAT)4 GTAAAACGACGGCCAGTGGACCGGAGGGAGTAAGAAA TGTGAAAGCAAAGGAGGTTG 58 275 

Hex_Ole99194 (AAGTGA)4 GTAAAACGACGGCCAGTAAGGTTGGGGGTTTTCGTAG TAATGAAGATTCGGGGCAAA 60 145 

Hex_Ole108690 (GGTGAA)4 GTAAAACGACGGCCAGTGCCGGTGAAGAAACAAAAGA ATCCCCGACTGTATCACCAG 59 238 
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Hex_Ole111446 (TATTTT)4 GTAAAACGACGGCCAGTGCTGCGAGGCTTTTAAACAA ACCAAACTACGCCAACGAAA 60 121 

Hex_Ole120086 (CTGAAA)4 GTAAAACGACGGCCAGTAATGGGCAAACGGTAGAGTG TGGAGAAGGAACAACATCTGG 60 258 

Hex_Ole51860 (TTTTCG)4 GTAAAACGACGGCCAGTCATCAATGGCTTCCTCATCA CCAGAAATTGAATGTCAGATGC 59 162 
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7.2 Supplementary figures 

 

 Figure A.1: Bayesian model analysis of the 20 S. villosum entries grouped to the optimal K=2. 

Each vertical bar represents one entry. The order is as presented in Table A.1. The entry IP02 

was not included in these analyses 

 

 

Figure A.2: Figure A.2: Bayesian model analysis of the 33 S. scabrum entries grouped to the 

optimal K=2. Each vertical bar represents one entry. The order is as presented in Table A.1. The 

entry IP02 was not included in these analyses 
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Figure A.3: Relative nuclear DNA content from leaf tissue of the reference standard- S. 

lycopersicum accession LYC418 (A), the diploid entry IP02 (B), tetraploid entry 

BG01 (C) and hexaploid entry BG28 (D). 
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Figure A.4: Pollen viability variation expressed as the average percentage of germinated       

pollen grains among 20 S. scabrum, 8 S. villosum entries and ACC. IP02. 
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 Supplementary tables and figures 

Table S1: Primer sequences and repeat motif of 16 microsatellite loci used in the study 

Loci 

 

Primer sequences Expected 

fragment 

size     

Repeat 

motif 

Tet_Ole20163 F- GTAAAACGACGGCCAGTGCCACTGCTTTCTTATGATTTTCC                           140 (TTTA)6                                                                                              

 R- GGAAAGTTCAATTTGACACGG                                

Tet_Ole27092 F- GTAAAACGACGGCCAGTCTTGAGGAGCATGCAGAACA                                161 (AAAT)6                                                                                              

 R- ATCTGTTACCTTCGAGGCGA                                 

Tet_Ole36530 F- GTAAAACGACGGCCAGTCGCGCTCAGAATTGGTTATT                               150 (TTTC)8                                                                                              

 R- GGAAGAGATACATACGCATACCC                              

Tet_Ole50895 F- GTAAAACGACGGCCAGTCGTGCCTAGTTTTACCCCAA                               158 (TAAA)6 

 R- TTAGTCCAACCCAAAACCCA                                 

Tet_Ole61583 F- GTAAAACGACGGCCAGTTTAAACATAGCCAACCCCCA                               232 (AAAT)6                                                                                              

 R- TTCTTTGGCATGCTAGGATAGA                               

Tet_Ole77901 F- GTAAAACGACGGCCAGTAGTCCGTTTCCTTTTGAACG                               169 (TTTC)6                                                                                              

 R- GCAAATGCTGAATCATCACA                                 

Tet_Ole101141 F- GTAAAACGACGGCCAGTTTGATACAATGGGGGTGGTT                               174 (GTAT)6                                                                                              

 R- TCCATCCATTAAAACGGAGC                                 

Tet_Ole106079 F- GTAAAACGACGGCCAGTCCTCTTGAGAAGCTCCAACG                               168 (CAAA)6                                                                                              

 R- CGATGACCCAGATCCTGAAT                                 

Pen_Ole14507 F- GTAAAACGACGGCCAGTGAACCGTCCATCACCTGACT                               165 (TTCTC)5                                                                                             

 R- TTGAGACGCACCTTTTGTTG                                 

Pen_Ole56306 F- GTAAAACGACGGCCAGTAGCAGATTACGCGGCTAGAA                               251 (TTTTA)5                                                                                             

 R- TTTCCTTTAGAAGAATGGGACG                               

Pen_Ole1865 F- GTAAAACGACGGCCAGTTGCTTAAGAGGTGCTTACGTG                              258 (TAAAA)5                                                                                             

 R- GGAACAAATGCTTGTGAAGGA                                

Pen_Ole69791 F- GTAAAACGACGGCCAGTTTGCATGCATTTCAACCAAC                               219 (TCAAA)5                                                                                             

 R- TCATAGGTCCCCCACCACTA                                 

Hex_Ole56218 F- GTAAAACGACGGCCAGTCACCAAATAAATGGCTGCAT                               260 (TTTCTT)4                                                                                            

 R- CCTGGATTGAACCTCTCCAA                                 

Hex_Ole111446 F- GTAAAACGACGGCCAGTGCTGCGAGGCTTTTAAACAA                               121 (CTGAAA)4                                                                                            

 R- ACCAAACTACGCCAACGAAA                                 

Hex_Ole120086 F- GTAAAACGACGGCCAGTAATGGGCAAACGGTAGAGTG                               258 (TTTTCG)4                                                                                            

 R- TGGAGAAGGAACAACATCTGG                                

Hex_Ole51860 F- GTAAAACGACGGCCAGTCATCAATGGCTTCCTCATCA                               162 (GAGTTG)4                                                                                            

 R- CCAGAAATTGAATGTCAGATGC                               
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Table S2: Qualitative traits of African nightshades assessed under field conditions 

Entry Ripe 

fruit 

color 

Stem 

ridges 

Leaf 

shape 

Inflorescence type Growth 

habit 

ABUK1 purple medium elliptical simple umbellate cyme upright 

ABUK2 purple medium ovate simple umbellate cyme upright 

ABUK3 yellow small ovate simple raceme-like cyme prostrate 

ACC.1 yellow small ovate simple raceme-like cyme prostrate 

ACC.10 yellow small ovate simple raceme-like cyme prostrate 

ACC.11 yellow small ovate simple raceme-like cyme prostrate 

ACC.15B purple medium ovate simple+branched umbellate cymes upright 

ACC.16A purple medium elliptical simple umbellate cyme bushy 

ACC.16B purple medium ovate simple umbellate cyme bushy 

ACC.18 purple large ovate simple umbellate cyme upright 

ACC.20 purple large ovate simple umbellate cyme upright 

ACC.21 purple large ovate simple umbellate cyme upright 

ACC.25 yellow small ovate simple raceme-like cyme upright 

ACC.27 yellow small lanceolate simple raceme-like cyme upright 

ACC.28 yellow small lanceolate simple raceme-like cyme upright 

ACC.29 yellow small lanceolate simple raceme-like cyme upright 

ACC.3 purple medium elliptical simple umbellate cyme bushy 

ACC.30 yellow small lanceolate simple raceme-like cyme upright 

ACC.31 yellow small lanceolate simple raceme-like cyme upright 

ACC.32 yellow small ovate simple raceme-like cyme prostrate 

ACC.4 purple large ovate simple umbellate cyme bushy 

ACC.6 purple medium ovate simple umbellate cyme upright 

ACC.7 purple medium ovate simple umbellate cyme upright 

ACC.8B purple large ovate simple umbellate cyme upright 

ACC.9 yellow small ovate simple raceme-like cyme prostrate 

BG01 red small ovate simple raceme-like cyme upright 

BG03 red medium ovate simple raceme-like cyme upright 

BG04 purple small elliptical simple umbellate cyme  upright 

BG07 purple large ovate simple umbellate cyme  upright 

BG13 purple small elliptical simple umbellate cyme  bushy 

BG14 purple large ovate simple umbellate cyme  upright 

BG16 purple large ovate simple+branched umbellate cymes upright 

BG20 red small ovate simple raceme-like cyme upright 

BG28 purple medium ovate simple raceme-like cyme upright 

IP01 red medium ovate simple raceme-like cyme upright 

IP02 purple small ovate simple umbellate cyme upright 

IP03 red medium lobed simple raceme-like cyme upright 

IP09 purple large ovate simple umbellate cyme  upright 

IP10 purple medium ovate simple umbellate cyme  upright 

IP21 purple large ovate simple umbellate cyme  upright 
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MW07 purple medium ovate simple umbellate cyme  upright 

MW10 purple large ovate simple umbellate cyme  upright 

MW13 red medium lobed simple raceme-like cyme upright 

MW17 red medium lobed simple raceme-like cyme upright 

MW18 red medium ovate simple raceme-like cyme upright 

MW22 purple medium ovate simple umbellate cyme  upright 

MW23 purple medium ovate simple umbellate cyme  upright 

MW25 purple large ovate simple umbellate cyme  upright 

MW28 purple large ovate simple umbellate cyme upright 

SS04.2 purple large ovate simple+branched umbellate cymes upright 

SS09 purple large ovate simple umbellate cyme  upright 

SS40 purple large ovate simple+branched umbellate cymes upright 

SS49 purple large ovate simple+branched umbellate cymes upright 

SS52 purple large ovate simple+branched umbellate cymes upright 
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Table S3: Separation of means for quantitative traits of S. scabrum entries 

Entry Height 

(cm) 

Stem 

diameter 

(mm) 

Leaf area 

(cm2) 

Fruit mass 

(g) 

Fruits 

number 

Fresh 

mass (g) 

Dry mass 

(g) 

Peduncle length 

(mm) 

Number of 

branches 

Days to 

flowering 

ABUK1  57.00gh 13.00abc  50.44ijk  1.517abcde  66.7jklm 120.50cd 16.18bcd  5.667lmn 28.17bcd  76.33ijk 

ABUK2  78.67cdefgh 14.17abc  130.00defgh  1.383abcde 124.7fghijklm 168.9bcd 17.68abcd  5.850klmn 26.33bcdef  89.33cde 

ACC.15B  98.83abcdef 15.00abc   46.31jk  1.483abcde 207.3cdefghi 234.30abc 28.45abc  5.367mn 37.00ab  80.33fghij 

ACC.16A  64.33fgh 13.25abc   43.30jk 1.400abcde  55.5klm 219.50abc 26.22abcd  7.633hijklm 46.50a  79.33ghijk 

ACC.16B  91.30abcdefg 15.75abc   20.98k  1.433abcde 186.8cdefghijk 223.4abc 27.58abcd  4.850n 42.17a  81.33fghij 

ACC.18  63.83fgh 13.08abc   81.71hij  1.467abcde  50.3lm 121.60cd 12.35cd  6.367jklmn 12.00hi  89.33cde 

ACC.20  89.17abcdefg 15.58abc   60.52ijk  1.317bcde 112.0ghijklm 173.30bcd 22.60abcd  6.583jklmn 26.00bcdefg  89.00cde 

ACC.21  96.17abcdef 17.75ab  86.38ghij  1.550abcde  93.2ijklm 345.9a 39.37ab  6.633jklmn 24.67bcdefgh  89.00cde 

ACC.3  55.17gh 13.33abc  47.24ijk 1.600abcde  60.2jklm 164.4bcd 20.45abcd  5.583lmn 21.00cdefgh  85.00efgh 

ACC.4  75.33defgh    18.50a  172.40cd  1.450abcde  98.3hijklm 314.9ab 41.60a  5.550lmn 33.67abc  90.00cde 

ACC.6  46.60 h 11.08c  87.34fghij  1.683abcde  17.5m 99.73cd 13.52cd  5.483lmn 13.67efghi  83.67efghi 

ACC.7  47.75h 12.25bc 104.96efghi  1.517abcde  16.8m 31.02cd  2.90d  5.333mn  5.50i  81.33fghij 

ACC.8B  68.33efgh 18.08ab  145.29cdef  1.233cdef  82.5ijklm 235.10abc 23.62abcd 11.817abcd 26.67bcde  89.00cde 

BG04 107.75abcd 14.17abc  140.44cdefg  1.833ab 347.5b 113.17cd 18.17abcd  8.383ghij 21.33cdefgh  75.33jk 

BG07  95.83abcdef 14.50abc   87.82fghij  1.482abcde 312.0bc 131.67cd 21.50abcd  7.750hijkl 22.33cdefgh  90.00cde 

BG13 117.00ab 14.50abc   50.243ijk  1.578abcde 271.0bcde 116.50cd  9.67cd  7.433ijklm 20.83cdefgh  72.67kl 

BG14 122.42ab 15.00abc  146.45cde  1.223cdef 283.3bcde 133.00cd 11.83cd 10.467abcdefg 21.00cdefgh  77.33ijk 

BG16  94.83abcdef 17.67ab  371.50a  1.505abcde 231.7bcdefgh 173.00bcd 15.35bcd 11.617abcde 16.67defghi  92.67cd 

BG28 110.40abcd 13.67abc  152.04cde  1.407abcde 300.3bcd 166.00bcd 24.67abcd  8.067hijk 18.17defghi  80.33fghij 

IP09 102.25abcde 13.50abc  147.45cde  1.288bcde 286.7bcd 145.67cd 20.00abcd  9.083fghi 20.67cdefgh  92.67cd 

IP10 103.60abcde 12.17bc  141.64cdefg  1.545abcde 276.3bcde 118.67cd 16.67abcd  5.867klmn 19.50defgh  94.67bc 

IP21 124.33ab 15.00abc  193.05c  1.692abcd 149.5efghijklm 136.33cd 19.00abcd  9.883bcdefgh 14.67efghi 100.67b 

MW07 117.50ab 15.83abc  175.54cd 1.820abc 294.3bcd 235.20abc 33.00abc 10.617abcdefg 21.00cdefgh  76.67ijk 

MW10 117.83ab 13.67abc  137.32cdefgh  1.705abcd 489.5a 137.00cd 16.17bcd  8.700ghij 22.67cdefgh  80.00fghijk 

MW22 88.42bcdefg 13.00abc  160.57cde  1.958a 237.7bcdefg 137.70cd 21.83abcd 11.417abcdef 16.00defghi  78.00hijk 

MW23 105.83abcd 15.50abc  151.24cde  1.408abcde 190.8cdefghij 149.30bcd 23.00abcd  9.517defghi 15.00defghi  65.67l 

MW25 102.67abcde 12.67abc  139.53cdefgh  1.202def 238.2bcdefg 184.33abcd 28.67abc  9.700cdefghi 18.67defghi  87.00def 

MW28  89.40abcdefg 12.83abc  175.09cd  1.610abcde 249.5bcdef 112.67cd 14.00cd  9.383efghi 19.17defgh  85.00efgh 

SS04.2 114.75abc 15.00abc  169.10cd  0.680f 192.0cdefghij 201.90abc 18.97abcd 12.017abc 14.50efghi  86.50defg 

SS09 113.83abc 13.17abc  141.07cdefg  1.632abcde 123.8fghijklm 137.17cd 18.33abcd  7.767hijkl 13.33fghi  90.33cde 

SS40 125.25a 16.00ab  259.10b  1.232cdef 168.5defghijk 241.10abc 22.63abcd 12.217ab 22.67cdefgh  92.67cd 

SS49 121.58ab 14.83abc  367.30a 1.287bcde 113.5ghijklm 232.10abc 21.68abcd 12.417a 12.83ghi 116.50a 

SS52 116.67ab 18.00ab  174.36cd  1.092ef 122.0fghijklm 244.40abc 24.63abcd 11.667abcde 25.67bcdefg  85.67defg 

 

Average 94.68 14.59 138.11 1.461 183.33 172.71 20.98 8.384 21.82 85.56 

Turkey pairwise comparisons analysed at 95% confidence level. Means within columns that do not share a letter are significantly different. 
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Table S4: Separation of means for quantitative traits of S. villosum entries 

Entry  Height 

(cm) 

Stem 

diameter 

(mm) 

Leaf area 

(cm2) 

Fruit  mass 

(g) 

Fruit 

number 

Fresh mass 

(g) 

Dry mass 

(g) 

Peduncle 

length 

(mm) 

Number 

of 

branches 

Days to 

flowering 

ABUK3  34.00ef   5.92cdefgh 11.82de 0.23 b  63.3c  48.03cd   7.25defg 1.23h 27.67b 64.00efgh 

ACC.1  33.67ef   8.17bcdefg 38.90c 0.28 b  78.8c  55.45c   5.30g 4.47f  3.83g 62.00gh 

ACC.10  21.50f   3.00h  4.68e 0.23 b 103.7c  33.23d   0.64h 1.83gh  8.17fg 63.67efgh 

ACC.11  36.50ef   5.42defgh  8.92de 0.30 b 106.0c  41.55cd   6.30efg 1.68gh 42.83a 60.67h 

ACC.25  34.25ef   5.67cdefgh 16.25d 0.20 b 134.0c  46.63cd   4.40gh 1.97gh 13.00def 62.33fgh 

ACC.27  41.02def   9.67abcd  6.69de 0.30 b 179.8bc  98.65b 13.67b 2.42g 21.00bc 68.00de 

ACC.28  24.00f   4.92fgh 16.98d 0.23 b 120.0c  43.98cd   4.37gh 2.17g 10.50efg 75.67ab 

ACC.29  30.33ef   4.42gh 59.09a 0.23 b 108.5c  34.50cd   0.48h 2.07gh  7.83fg 72.33bcd 

ACC.30  62.00cd 12.50a  7.60de 0.28 b 260.2ab  92.80b 19.28a 2.28g  7.67fg 69.00cde 

ACC.31  51.17de   8.17bcdefg  5.46e 0.25 b 112.2c  34.48cd  6.23efg 1.92gh  7.00fg 61.00h 

ACC.32  29.67ef   4.17gh 11.03de 0.23 b  79.0c  29.67d  6.73efg 1.75gh  5.83fg 60.00h 

ACC.9  23.00f   5.15efgh  7.91de 0.23 b 100.2c  45.35cd  5.38fg 2.05gh 17.67cde 61.67gh 

BG01  84.83b   9.33abcde 49.95ab 1.61a 306.0a 102.00ab  8.33cdefg 9.68a 21.33bc 67.33def 

BG03 119.17a 10.83ab 58.95a 0.33b 295.3ab 103.17ab 11.67bc 6.35de 21.17bc 78.33a 

BG20  76.17bc   9.83abc 53.49a 0.25 b 354.0a 105.67ab 11.17bcd 5.50e 26.17b 75.00ab 

IP01 120.33a   9.33abcde 52.55a 0.25 b 362.8a 113.83ab   9.67bcde 6.37de 20.00bcd 69.00cde 

IP03 115.33a 10.33ab 39.82bc 0.27 b 331.0a 123.17a 18.33a 6.87cd 22.50bc 66.67efg 

MW13 121.58a 11.67ab 58.61a 0.32 b 267.8ab 110.17ab   9.33cdef 7.03bcd 17.83cde 74.33abc 

MW17  91.83b   9.50abcd 52.42a 0.28 b 273.3ab 122.50a 18.83a 7.80b 21.00bc 74.00abc 

MW18  82.50bc   9.00abcdef 53.81a 0.25 b 338.3a 103.00ab 10.17bcde 7.43bc 21.83bc 67.33def 

 

Average 61.64 7.85 30.75 0.33 198.7 74.39 8.88 4.14 17.24 67.62 

Tukey pairwise- comparisons analysed at 95% confidence level. Means within columns that do not share a letter are 

significantly different. 
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Table S5: Coefficient of variance for quantitative traits of African nightshade entries 

 

 CV (%) for; 

 all entries S. scabrum S. villosum 

plant height 42.89 29.12 59.97 

stem diameter 37.84 21.31 41.91 

leaf area 86.56 59.76 72.64 

fruit mass 64.00 22.66 93.94 

fresh mass 67.00 54.48 47.90 

fruit number 63.57 65.97 59.86 

dry mass 74.34 61.25 63.06 

peduncle length 49.11 31.03 64.25 

branches number 50.77 46.10 57.19 

 
 
 
 
 

Table S6:  Genetic  diversity analysis of 54 entries using 16 SSR markers 

 

 Na   Ne      I      Ho     He   Ar  P 

1. Developed entries 

S. scabrum       

ABUK1 1.69±0.12 1.65±0.12 0.46±0.08 0.64±0.12 0.33±0.06 1.06±0.06 0 

ABUK2 1.75±0.11 1.73±0.11 0.51±0.08 0.73±0.11 0.37±0.05 1.06±0.05 0 

BG04 1.75±0.14 1.71±0.12 0.49±0.09 0.69±0.12 0.35±0.06 1.06±0.06 1 

BG07 2.56±0.22 1.98±0.15 0.60±0.09 0.66±0.11 0.44±0.05 1.94±0.14 0 

BG13 1.81±0.16 1.75±0.14 0.51±0.09 0.68±0.12 0.35±0.06 1.12±0.08 0 

BG14 1.69±0.12 1.69±0.12 0.48±0.08 0.69±0.12 0.34±0.06 1.00±0.00 0 

BG16 1.75±0.11 1.70±0.12 0.49±0.08 0.70±0.11 0.35±0.06 1.06±0.06 0 

BG28 1.75±0.14 1.73±0.13 0.50±0.09 0.66±0.12 0.35±0.06 1.06±0.06 0 

IP09 1.62±0.12 1.62±0.12 0.43±0.09 0.62±0.12 0.31±0.06 1.00±0.00 0 

IP10 1.69±0.15 1.64±0.13 0.45±0.09 0.62±0.12 0.32±0.06 1.06±0.06 0 

IP21 1.62±0.12 1.62±0.12 0.43±0.09 0.62±0.12 0.31±0.06 1.00±0.00 0 

MW07 1.69±0.12 1.69±0.12 0.48±0.08 0.69±0.12 0.34±0.06 1.00±0.00 0 
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MW10 1.69±0.12 1.69±0.12 0.48±0.08 0.69±0.12 0.34±0.06 1.00±0.00 0 

MW22 1.69±0.12 1.69±0.12 0.48±0.08 0.69±0.12 0.34±0.06 1.00±0.00 0 

MW23 1.69±0.12 1.69±0.12 0.47±0.08 0.69±0.12 0.34±0.06 1.00±0.00 0 

MW25 1.81±0.19 1.76±0.15 0.51±0.09 0.56±0.13 0.35±0.06 1.12±0.12 0 

MW28 1.62±0.12 1.62±0.12 0.43±0.09 0.62±0.12 0.31±0.06 1.00±0.00 0 

SS042 1.81±0.14 1.78±0.12 0.54±0.08 0.72±0.11 0.38±0.06 1.12±0.08 0 

SS09 1.62±0.12 1.62±0.12 0.43±0.09 0.62±0.12 0.31±0.06 1.00±0.00 0 

SS40 1.62±0.13 1.63±0.13 0.43±0.09 0.62±0.12 0.31±0.06 1.00±0.00 0 

SS49 1.69±0.12 1.64±0.12 0.45±0.08 0.63±0.12 0.32±0.06 1.06±0.06 0 

SS52 1.94±0.19 1.79±0.14 0.55±0.09 0.69±0.11 0.38±0.06 1.25±0.14 0 

        

Mean±SE 1.75±0.29 1.7±0.15 0.48±0.09 0.66±0.11 0.34±0.06 1.09±0.21 1 

 

S. villosum 
 

     

 

BG01 1.56±0.18 1.55±0.18 0.41±0.1 0.56±0.13 0.29±0.06 1.13±0.12 0 

BG03 2.50±0.32 1.92±0.21 0.65±0.11 0.53±0.11 0.39±0.06 2.12±0.33 3 

BG20 2.25±0.25 1.74±0.19 0.54±0.08 0.54±0.12 0.37±0.06 1.75±0.17 0 

IP01 2.25±0.27 1.91±0.18 0.62±0.11 0.66±0.11 0.39±0.06 1.62±0.15 1 

IP03 1.50±0.16 1.50±0.16 0.39±0.09 0.56±0.13 0.28±0.06 1.00±0.00 0 

MW13 1.50±0.16 1.50±0.16 0.39±0.09 0.56±0.13 0.28±0.06 1.00±0.00 0 

MW17 1.69±0.17 1.61±0.17 0.47±0.09 0.57±0.13 0.33±0.06 1.25±0.14 0 

MW18 1.56±0.16 1.56±0.16 0.43±0.09 0.62±0.12 0.31±0.06 1.00±0.00 0 

        

Mean±SE 1.85±0.29 1.66±0.18 0.49±0.09 0.58±0.11 0.34±0.05 1.36±0.43 4 

 

2. Cultivars       

 

S. scabrum 

ACC.3 1.75±0.14 1.71±0.13 0.49±0.88 0.64±0.11 0.35±0.06 1.19±0.10 0 

ACC.4 1.69±0.15 1.68±0.15 0.46±0.09 0.61±0.12 0.32±0.06 1.13±0.12 0 

ACC.6 1.75±0.14 1.68±0.14 0.47±0.09 0.62±0.12 0.33±0.06 1.12±0.08 0 

ACC.7 1.75±0.14 1.69±0.12 0.49±0.09 0.64±0.12 0.34±0.06 1.06±0.06 1 

ACC.8B 1.69±0.12 1.6±0.12 0.43±0.08 0.59±0.12 0.31±0.06 1.12±0.08 0 

ACC.15B 1.63±0.12 1.62±0.12 0.43±0.09 0.61±0.12 0.31±0.06 1.12±0.08 0 

ACC.16A 1.75±0.11 1.75±0.11 0.50±0.08 0.7±0.11 0.36±0.05 1.12±0.08 1 

ACC.16B 1.75±0.14 1.73±0.13 0.50±0.09 0.68±0.12 0.35±0.06 1.06±0.06 0 

ACC.18 1.69±0.12 1.69±0.12 0.48±0.08 0.69±0.12 0.34±0.06 1.00±0.00 0 

ACC.20 1.87±0.15 1.79±0.14 0.54±0.09 0.7±0.11 0.37±0.06 1.19±0.10 0 

ACC.21 1.81±0.14 1.74±0.13 0.51±0.08 0.69±0.11 0.36±0.06 1.13±0.08 1 

        

Mean±SE 1.74±0.2 1.7±0.12 0.48±0.08 0.65±0.11 0.34±0.06 1.11±0.05 3 

 

S. villosum 

ABUK3 1.81±0.16 1.67±0.13 0.48±0.09 0.63±0.12 0.33±0.06 1.19±0.10 1 

ACC.25 2.06±0.28 1.93±0.22 0.63±0.12 0.69±0.11 0.41±0.06 1.69±0.20 2 

ACC.29 2.00±0.24 1.82±0.21 0.59±0.10 0.70±0.11 0.39±0.06 1.44±0.18 0 
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Mean±SE 1.95±0.33 1.8±0.26 0.56±0.12 0.67±0.11 0.37±0.06 1.44±0.25 3 

        

3. Local cultivars 

ACC.1 2.25±0.25 1.98±0.20 0.65±0.11 0.60±0.11 0.41±0.06  1.56±0.17 0 

ACC.9 2.06±0.25 1.87±0.18 0.57±0.01 0.63±0.11 0.37±0.07 1.56±0.24 1 

ACC.10 2.56±0.32 2.16±0.21 0.73±0.12 0.61±0.11 0.44±0.07 2.12±0.33 3 

ACC.11 2.25±0.25 2.25±0.25 0.66±0.11 0.68±0.11 0.42±0.06 1.62±0.20 1 

ACC.27 1.68±0.15 1.67±0.15 0.52±0.08 0.69±0.11 0.37±0.05 1.18±0.13 0 

ACC.28 2.56±0.29 2.14±0.17 0.76±0.09 0.68±0.11 0.48±0.05 2.00±0.29 1 

ACC.30 1.88±0.24 1.77±0.19 0.55±0.10 0.68±0.11 0.37±0.07 1.43±0.22 1 

ACC.31 2.69±0.29 2.15±0.21 0.76±0.11 0.66±0.11 0.45±0.06 2.12±0.24 0 

ACC.32 1.94±0.21 1.87±0.19 0.55±0.11 0.60±0.12 0.37±0.07 1.56±0.26 0 

        

Mean±SE 2.21±0.35 1.98±0.27 0.64±0.11 0.65±0.1 0.41±0.05 1.71±0.35 7 

        

All entries for; 

S. scabrum 1.75±0.32 1.70±0.15 0.48±0.09 0.66±0.11 0.34±0.06 1.09±0.60   4 

S. villosum 2.00±0.38 1.81±0.27 0.56±0.09 0.63±0.10 0.37±0.04 1.50±0.42 14 

        

Entry 

IP02 0.81±0.13 0.81±0.13 0.04±0.04 0.06±0.06 0.03±0.03  1.00±0.00 12 
 

Na-mean number of alleles; Ne- effective number of alleles; I-Shannon’s diversity index; Ho-

observed heterozygosity; He- expected heterozygosity; Ar-allelic richness; P-private alleles. 
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Table S7: Genetic differentiation (Fst) in different groups of African nightshade entries  

 

Locus Local 

cultivars 

Released 

cultivars 

Accessions 

(S. scabrum) 

Accessions 

(S. villosum) 

Pen_Ole14507 0.038 0.000 0.003 0.008 

Tet_Ole61583 0.136 0.000 0.198 0.013 

Tet_Ole50895 0.345 0.194 0.387 0.130 

Pen_Ole56305 0.345 0.009 0.239 0.374 

Hex_Ole120080 0.083 0.098 0.119 0.111 

Hex_Ole51860 0.217 0.000 0.119 0.020 

Hex_Ole11446 0.151 0.000 0.158 0.000 

TetO_le77901 0.554 0.000 0.160 0.159 

TetO_le27092 0.182 0.000 0.000 0.163 

Pen_Ole1865 0.358 0.178 0.071 0.313 

Tet_Ole106079 0.107 0.000 0.001 0.177 

Tet_Ole101141 0.029 0.004 0.001 0.007 

Pen_Ole69791 0.312 0.000 0.001 0.087 

Tet_Ole20163 0.939 0.000 0.000 1.000 

Hex_Ole56218 0.347 0.000 0.000 0.795 

Tet_Ole36530 0.207 0.000 0.051 0.164 

mean 0.27±0.1 0.04±0.2 0.11±0.03 0.22±0.07 
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Table S8: Analysis of molecular variance (AMOVA) based on SSR data across populations 

of African nightshade entries 

Source of variation   df    SS MS Variance 

components 

      % 

variation 

Fixation 

indices 

P-value 

1. Species: S. scabrum and S. villosum 

Among species     1    529.937 574.17 1.750 34.04 0.379 0.001 

Among entries   51    344.381     1.88 0.305   5.94      0.090 0.001 

Among individuals 583  1799.750     5.18 3.087  60.02 0.340  

2. Groups:  Local cultivars, released cultivars, accessions 

Among groups   2  251.12 106.72 0.584 13.13 0.307 0.001 

Among entries   50   623.19   2.801 0.781 17.55 0.202 0.001 

Among individuals 583 1799.75   5.175 3.087 69.32 0.131  

3. S. scabrum 

Among entries    32    120.66   3.872            0.065  2.12 0.021 0.09 

Among individuals 363     1085.92   5.551 2.991 97.88   

4. S. villosum        

Among entries    19   303.18 15.957 0.816 20.07 0.28 0.001 

Among individuals 220     715.50   6.254 3.252 79.93             

Significance at P<0.05 
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Table S9: Characteristics of AFLP markers used in 162 genotypes of African nightshades 

Primer 

combination 

total scored bands polymorphic bands PIC 

H-AAC/M-AAC 88 59 0.42 

    

H-AAC/M-CTA 98 47 0.35 

    

H-AAC/M-ACA 84 25 0.33 

    

H-AAC/M-CCA 67 9 0.33 

    

H-AAC/M-ACT 110 62 0.56 

    

Total 447 202 1.99 

Average 89.4 40.4 0.4 

PIC- polymorphic information content 
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Figure S1: Plant growth habits of S. scabrum entries SS49 (A) and ACC.16A (B); and S. 

villosum entries ACC. 25 (C) and ACC.11 (D). 
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Figure S2: Descriptive statistics for height, stem diameter and days to flowering of S. 

villosum and S. scabrum entries. S. scabrum entries are labelled in purple while S. villosum 

entries are labelled in orange.
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Figure S3: Descriptive statistics of dry mass of African nightshade entries. Entries labelled in 

purple are S. scabrum and entries labelled in orange are S. villosum. 
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Figure S4: Descriptive statistics of peduncle length of African nightshade entries. Entries 

labelled in purple are S. scabrum and entries labelled in orange are S. villosum. 
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Figure S5: Descriptive statistics of fruit mass of African nightshade entries. Entries labelled in 

purple are S. scabrum and entries labelled in orange are S. villosum 
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Figure S6: Descriptive statistics of number of branches of African nightshade entries. Entries 

labelled in purple are S. scabrum and entries labelled in orange are S. villosum. 
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Figure S7: Descriptive statistics of the number of fruits of African nightshade entries. Entries 

labelled in purple are S. scabrum and entries labelled in orange are S. villosum. 
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3 General discussion, conclusions, recommendations 

3.1 General discussion 

The section Solanum is known for its taxonomic complexity in the genus Solanum, and although 

a number of studies using molecular markers have provided data on the interspecific 

relationships as summarized in Ronoh et al., (2017) very little information about genetic 

diversity within species or within accessions is available. Locus-specific markers, such as SSR, 

for diversity studies or even marker-assisted selection in African nightshade are lacking. 

Information about genetic diversity offers an opportunity to breeders to develop improved 

cultivars with farmers’ preferences such as high yield and breeders preferred traits such as pest 

and disease resistance (Gorvindaraj et al., 2015). 

Molecular marker technology has a potential to improve efficiency and precision of plant 

breeding in marker assisted selection and also maximize the probability of success in breeding 

for traits relating to yield stability and sustainability for example disease resistance, abiotic stress 

tolerance and nutrient/water use efficiency (Peleman and Van der Voort, 2003). DNA markers 

are more precise and faster than conventional breeding because target genotypes can be 

effectively selected and certain traits can be fast tracked resulting in quicker line development 

and cultivar release (Li et al., 2013). Use of markers for selection is also cost effective since they 

allow selection of desirable gene combinations in early generations and only high priority 

breeding material is maintained (Zapata et al., 2012). Plants can be selected for at seedling stage 

thus allowing early selection for traits which may be expressed in adult plants only. Target alleles that 

are difficult and/or time consuming to score phenotypically, for example environmentally 

sensitive traits, can be selected with the assistance of markers since they are neutral to 
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environmental variation (Jena and Mackill, 2008).  With DNA markers recessive genes can be 

maintained without the need for progeny tests in each generation, as homozygous and 

heterozygous plants can be distinguished with the aid of co-dominant markers such as SSRs 

(Vieira et al., 2016).  

 Molecular markers, especially AFLPs and SSR are reported as appropriate tools for 

distinguishing plant varieties or lines (Bonow et al., 2009). Another potential application of 

AFLP or SSR markers is the identification of essentially derived varieties (EDV) in the context 

of variety registration (Heckenberger et al., 2003). Apart from cultivar identification, markers are 

also important in assessing genetic diversity present in the germplasm which gives detailed 

information to assist in parental selection and also in hybrids confirmation (Sakiyama et al., 

2014; Yada et al., 2010). During seed handling seeds of different accessions may get mixed 

when handling large samples in breeding programs, and markers can be used to confirm the true 

identity of individual plants since DNA markers can be obtained from any plant tissue instead of 

growing the plants to maturity and then assessing them morphologically (Xu and Crouch, 2008). 

Markers also make it possible for introgression of beneficial traits from wild relatives and 

landraces during crop improvement (Hajjar and Hodgkin, 2007). 

The concern that crop improvements lead to erosion of genetic diversity has been observed in 

several crops such as wheat (Christiansen et al., 2002; Figliuolo et al., 2005; Fu and Somers, 

2009), rice  (Steele et al., 2009; Sun et al., 2001; Wei et al., 2009), maize (Leclerc et al., 2005; 

Reif et al., 2005), sorghum (Casa et al., 2005; Deu et al., 2010) and tomato (Albrecht et al., 2010; 

Carelli et al., 2006; Yi et al., 2008). On the whole, substitution of local varieties by newly bred 

varieties has been seen as one of the main reasons for genetic biodiversity loss. Many cultivars in 

breeding programs are derived from crosses between genetically related varieties while wild 
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relatives are rarely included in crossings (Fu, 2006). The genetic base of the breeding material 

will eventually narrow down due to recurrent selection more so when fewer genotypes are 

selected as parents (Pereira et al., 2008; Vilela et al., 2008). Genetic uniformity often increases 

vulnerability of crops to environmental shocks such as diseases and pest outbreaks (Keneni et al., 

2012). Molecular markers can provide new insights into questions regarding the loss of allelic 

variation through plant breeding practices (Rauf et al., 2010). To test the hypothesis that modern 

plant breeding narrows crop diversity over time AFLPs or SSR markers appear most useful to 

examine changes in the diversity. In most studies where SSR markers were used to measure 

decrease in genetic diversity it was noted that there was a decrease in either number of alleles per 

locus or reduction in gene diversity when landraces were compared to varieties (Donini et al., 

2005; Vilela et al., 2008).  

The SSR and AFLP markers already discussed in chapter two were able to discriminate entries 

between and within species.  The discrimination power of these markers is an important aspect in 

variety identification and genetic assessment which is a step towards MAS. SSRs with high PIC 

have been found to be the most useful for application in marker assisted selection (Karakousi et 

al., 2003). Most of the SSR markers used in this study were highly informative with the highest 

PIC value of 0.71. SSRs may play an even more important role in ensuring diversity at all levels 

in breeding whereby cultivars are identified and those with high diversity can be used to develop 

core collections and therefore offer a broader genetic base for future crop improvement. An 

example is in rice where AFLP and SSR markers were utilized to develop rational strategies to 

broaden their genetic basis through plant introduction in order to improve yield (Mantegazza et 

al., 2008; Xu et al., 2004). Wild relatives and landraces are often inferior to the cultivated 

varieties with respect to quality or yield but they can be superior in terms of resistance. 
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Molecular markers offer the possibility of utilizing these resistances in plant breeding as has 

been the case for bacterial blight in rice, maize, and potato (Dwivedi et al., 2007). In the section 

Solanum, S. nigrum is known to carry resistance genes to Phythopthora infestans that infect most 

Solanaceae plants (Lebecka, 2009). 

Entries from different countries of origin were grouped in the same clusters for both S. scabrum 

and S. villosum. This may be due to exchange of germplasm across geographical regions 

resulting in sharing of common genes. Gene bank accessions clustered together and had low 

genetic distance within cluster compared to farmer cultivars which also formed a separate 

cluster. Clustering patterns resulting from genetic distance may be used to select the best 

heterotic parents for constituting a core sample. It has been found that there is a positive 

correlation between genetic distance and hybrid performance calculated from AFLP data (Franco 

et al., 2005). This correlation may be used to predict performance of progeny resulting from 

hybridization of core samples.  

Knowledge about the pollen viability is useful in identifying favourable genotypes in controlled 

hybridizations and, consequently, support breeding initiatives (Paula et al., 2014). A pollen 

viability study is commonly used in plant breeding for diverse species due to its ease, fast and 

low financial cost and the reliability of the technique (Saha and Datta, 2014). Analysis of in vitro 

germination of pollen is a popular method for assessing viability in breeding programs to ensure 

higher success rates of crosses and also to determine pollen vigor by assessing rate of 

germination and/or length of pollen tubes (Abdelqadir et al., 2011; Huang et al., 2013). To 

ensure success in the use of selected superior individuals, and especially production of new 

cultivars by means of recombination of traits by controlled hybridization, it is important that the 

pollen to be used has good viability (Criollo-Escobar and Dominguez, 2018). High meiotic 
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instability, associated with genetic abnormalities and/or chromosome aberrations that result in 

the formation of atypical or male-sterile plants, or those unable to form pollen grains, may hinder 

achieving the minimum standards required for seed production as well as affecting pollination 

(Pogorzelec et al., 2014). Pollen viability has been found to be directly proportional to seed and 

fruit set (Animasaun et al., 2014). 

Pollen is also a useful source of rich allelic genepool and can be a reliable propagule for gene 

banks (Volk, 2011). The potential for immediate use of pollen, ease of storage and shipment 

provide researchers with increased options when designing their breeding programs. In vitro 

germination assays provide reliable viability assessments. Gene banked pollen ensures 

availability year-round and can be made available to breeders upon request (Shivanna, 2003). 

Pollen captures diversity within small sample sizes, and documentation may be available for 

long-term survival of pollen. Pollen can also be shipped internationally, often without threat of 

disease or pest transfer (Volk, 2011). 

Nuclear DNA amount and genome size are important biodiversity characters, whose study 

provides comparative analysis of genome evolution in plants (Bennett and Leitch, 2011). It has 

been suggested that genome size have more general effect on multi-locus genetic fingerprinting 

techniques such as AFLP that assay the nuclear genome. In polyploids the genome size may be 

the factor effecting quality of AFLP as total nuclear DNA content increases.  The use of the 

genome size (rather than nuclear DNA content) is therefore a more useful indicator of the utility 

of different AFLP protocols for polyploids (Fay et al., 2005). Genome size has also been used as 

a reliable guide in the separation of closely related species and their hybrids (Mahelka et al., 

2005).  
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The flow cytometry data in this study was shown to support tetraploidy in S. villosum and 

hexaploidy in S. scabrum. Based on the mean DNA content of all the measured entries, S. 

scabrum had a 2C content of 6.14 pg (genome size =2.04 pg/2C) and 4.37 pg/2C for S. villosum 

(genome size =2.18 pg/2C). Both S. villosum and S. scabrum genotypes produced a maximum of 

three alleles per locus using the SSR markers. African nightshades have been thought to be 

allopolyploids since they show bivalent formation at metaphase (Ojiewo et al., 2007) whereas 

the SSR data in this study seem to support autopolyploidy. A study on karyotypes of S. villosum 

and S. americanum by Sultana and Alam (2007) also support autotetraploidy of S. villosum and 

considered it to be an ancient autotetraploid of S. americanum. Although the karyotypes showed 

bivalent formation at metaphase I and regular segregation at anaphase I, the symmetric karyotype 

showed S. villosum to be a primitive species. In general symmetrical karyotypes are regarded 

primitive and only show bivalent formation (Shan et al., 2003). Total DAPI-banding patterns, 

location and percentage of CMA-banded regions and karyotypes also indicated exact genomic 

duplication of S. americanum. 

All the morphological traits studied showed significant variations (P < 0.05) indicating the 

presence of sufficient amount of variability both within and between the entries for all the traits. 

Significant positive correlations between fresh mass (which is equivalent to yield) and leaf area, 

plant height, branches number and days to flowering, indicate that in selecting high yielding 

genotypes these characters should be given more emphasis as the best selection criteria. Fruit 

mass and number always showed negative correlations with other desirable yield traits for S. 

scabrum entries. This indicates that the increase in one trait would result in the reduction of the 

other (Ganguly and Bhat, 2012). The negative correlation of fruit traits with other yield traits 

indicated that it would be very difficult to identify a genotype having higher fruit numbers 



General discussion, conclusions and recommendations 
 

79 
 

simultaneously with higher fresh mass (Mazid et al., 2013).  Direct selections with a view to 

develop yield may be complicated because complex plant characters like yield are quantitatively 

inherited and influenced by genetic effects as well as by the interaction between genotype and 

environment and therefore indirect selection using highly correlated characters would be 

preferable (Ahmadikhah et al.,2008).  

 

3.2 Conclusions and recommendations 

Both AFLP and SSR markers identified entries that were previously misclassified. This was 

supported by DNA content measurements and some morphological traits such as colour of ripe 

berries. Further analysis of these entries however should be done by including clearly described 

accessions from the species they were originally classified.  

The genetic diversity present in African nightshade entries support further selection of superior 

cultivars. Furthermore it would be desirable to obtain molecular markers linked to key traits such 

as fresh mass while keeping genetic diversity as high as possible, for example by integrating 

farmer cultivars. Morphological traits showed significant variation between entries also 

supporting a potential for breeding superior cultivars. Parameters such as taste, nutritional values 

and shelf-life should be addressed in future research as they determine the quality of an 

accession. 
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5 Appendices 

5.1 Buffers 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 (100 ml) 

 

( ml)  Final concentration 

10 Tris/HCL, pH 8,3 (1M) 100 mM 

50 KCL(1M) 500 mM 

2 MgCl2 (1M) 20 mM 

10 Gelatine (0.1 %) 0.01% 

28  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%) 

 

10x DNA loading buffer 

0.25 % (w/v) Orange G (Merck Millipore, Darmstadt, Germany) 

30.00 % (w/v) Glycerin 

1mM EDTA pH 8.0 

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 
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 5.2 Single M13 SSR PCR reaction (in tubes) 

 (μl) 

H2O  5.65 

10x Williams Buffer  1 

dNTPs (2mM) [μl]  0.75 

Taq-Polymerase DCS (5U/μl)  0.1 

M13 tailed forward primer (0,5pmol/μl = 1:200) 0.5 

M13 forward labelled (2,5pmol/μl = 1:40 )  0.5 

reverse primer (5,0 pmol/μl = 1:20)  0.5 

Reaction Volume  9.00 

DNA (10ng/μl)  1.0 

 

 

5.3 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' 
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5.4 Preparation of 6% acrylamide gels 

 Loading SSR Loading AFLP 

Monomer Solution 12 ml 16 ml 

Complete Buffer 3 ml 4 ml 

APS (10 %) 120 μl 160 μl 
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