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ABSTRACT 13 
 
Aims: Cassava (Manihot esculenta Crantz) is a crop with largely unexplored and 
unexplained potentially valuable genetic variability. The knowledge and understanding of the 
extent of genetic variation of cassava germplasm is important for conservation and 
improvement.  
Objective: The current study was to investigate the genetic divergence of cassava mutants, 
hybrids and landraces using simple sequence repeat (SSR) markers.  
Methodology: Genetic diversity of ten cassava genotypes was determined using 14 SSR 
markers.  
Results: Findings from this study showed that the dendrogram based on UPGMA cluster 
analysis revealed that SSR data indicated the existence of high divergence among the 
accessions. The cophenetic matrices obtained showed that SSR data marker type was r = 
0.91.  
Conclusion: The wider genetic diversity observed using SSR markers would be valuable for 
efficient management of germplasm and for effective utilization of materials in breeding 
programmes to produce hybrids of desirable characteristics. The extensive genetic diversity 
is important to coming generations so that it copes with unpredictable environmental 
changes and human needs. 
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1. INTRODUCTION  18 
 19 
Cassava (Manihot esculenta crantz) is one of the most important food crops grown in the 20 
tropics (1). The crop has significant source of calories for more than 500 million people 21 
world-wide (2). In 2012, FAO estimates the world annual production of cassava starchy roots 22 
at 280 million tons (3). Approximately 71% of cassava products are utilized for human 23 
consumption, while the rest is for industrial use as starch or animal feed and others lost as 24 
waste (4). The crop has the ability to adapt well to a variety of climatic conditions; drought 25 
tolerant and can be grown in low-nutrient and marginal soils (5). 26 
Breeding programmes in general seek to widen the genetic base, improve crop productivity 27 
and maintain its adaptation to specific agro-ecologies. The potential for genetic improvement 28 
of cassava has been demonstrated and progress made in increasing yield potential and 29 
stability (6). The existence of genetic variation is a prerequisite for genetic improvement, 30 



 

adaptation and evolution (7,8). Knowledge of levels of genetic variation is required if farmers 31 
continue to use cassava cultivars to form part of the conservation strategy. Sometimes 32 
different genotypes may have the same name or same genotype can possess different 33 
names (9). It needs to be linked to how farmers perceive and value diversity, which leads to 34 
decision making according to their preferences and needs (10). 35 
Molecular marker technology is an efficient tool for the characterization, management of 36 
plant genetic resources, crop improvement programs and evaluation of genetic diversity 37 
within and between species as well as plant population (11). Cassava diversity have been 38 
studied using a number of molecular methods such as amplified fragment length 39 
polymorphisms (AFLPs), restriction fragment length polymorphisms (RFLPs), random 40 
amplified polymorphic DNAs (RAPDs), single-nucleotide polymorphisms (SNPs) and single 41 
sequence repeat (SSR) markers (also known as microsatellites) (12,13).  42 
SSR markers are a very effective way of assessing genetic diversity since they can be easily 43 
adapted for the classification and identification of many organisms and are particularly useful 44 
in studying the variation in allelic frequency of unlinked loci. SSRs are widely utilized for 45 
genetic diversity and mapping because they have good genome coverage, exhibit high 46 
levels of polymorphisms, somatically stable, inherited in a co-dominant Mendelian manner 47 
and can be multiplexed on semi-automated systems (12,14). Using SSRs, several studies 48 
have shown a high level of heterozygozity in various populations of cassava (13). The 49 
present study aims to measure the variability based on SSR markers to determine the 50 
diversity of mutants, hybrids and landraces. 51 
 52 
2. MATERIAL AND METHODS  53 
 54 
2.1 Genetic diversity assessment 55 
 56 
2.1.1 Source of genotypes 57 
Test genotypes comprised of 4 mutants, KME1 (parent of the mutant), hybrid (KMA1) and 58 
the two parent of hybrid (HM95/0183 × 990072) selections obtained from Kenya Agricultural 59 
Research Institute (KARI) Marigat in Baringo County and two landraces collected from 60 
farmer’s field one from Chepsigot in Elgeyo Marakwet county and another from Sigor West 61 
Pokot county. Mutants were developed from KME1 irradiated in bulk at 15 Gray (Gy) dose 62 
rate developed in a previous study, Okwaro H. and Kinyua M. G., in 2008. The mutant’s 63 
selections were coded KMA2, KMA3, KMA4 and KMA5. Woody stakes containing two to 64 
three nodes planted under field conditions were used. DNA extraction was carried in 65 
University of Eldoret, Department of Biotechnology laboratory. 66 
 67 
2.1.2 DNA extraction 68 
DNA extraction was carried out using modified (15) protocol. Young fresh cassava leaves 69 
approximately 0.15g - 0.2g per genotype were collected and weighed. Tissue was ground in 70 
a mortar and pestle and placed in a 1.5 millimeter (ml) Eppendorf® tube containing 600µl of 71 
0.1M of Tris-Hydrochloric acid (Tris-HCl) pH 8.0, 0.05M of (w/v) Ethylene-72 
diaminetetraacetate (EDTA), 0.5M Sodium chloride (NaCl), 1% of Polyvinylpirrodine (PVP), 73 
20% of (w/v) sodium dodecyl sulphate (SDS), 0.07% β- mercaptoethanol extraction buffer. 74 
The mixture was incubated at 65°C for 15 minutes wi th agitation every 5 minutes. Then the 75 
samples were placed at room temperature for 2 minutes followed by incubation with 250µl of 76 
ice-cold 5M potassium acetate in ice for 20 minutes. After incubation the samples were 77 
centrifuged for 15 minutes at 13,000 revolutions per minutes (rpm) at room temperature, and 78 
the supernatant was transferred to another tube where one volume of ice-cold isopropanol 79 
was added and mixed gently. The mixture was kept at -20°C for one hour or overnight and 80 
then centrifuged for 15 minutes at 13,000 rpm. The pellet was left to dry at room temperature 81 
by inverting the tubes on paper towels until all isopropanol drops disappeared from the walls 82 
of the tubes. The supernatant was removed and the pellet was washed with 700µl of 70% 83 



 

ethanol and the pellet dried at room temperature, followed by a brief centrifugation for 5 84 
minutes at 13,000 rpm. Deoxyribonucleic acid (DNA) was air dried and later resuspended in 85 
50µl of Tri-EDTA (TE) 10:1 mM buffer and 4µl of RNAse A (10 mg/ml), and then incubated at 86 
65°C in a water bath for 10 minutes. 87 
 88 
2.1.3 DNA Quantification 89 
The purity and quality of the DNA was verified by electrophoresis on a 0.8% (w/v) agarose 90 
gel, for 30 minutes at 80 volts. Lambda (λ) phage DNA was used as the standard. After 91 
electrophoresis, the gel was stained in ethidium bromide (10mg/ml) for 30 minutes and later 92 
de-stained in distilled water for 20 minutes before viewing under ultraviolet transilluminator. 93 
The concentrations of the samples were determined by comparing band sizes and intensities 94 
of the test DNA with those of standard λ DNA. Between 0.5µg and 1µg of high quality DNA 95 
was obtained and was diluted to 0.01µg/µl with deionized distilled water for the PCR 96 
amplification. 97 
 98 
2.1 4 PCR Amplification 99 
A subset of 14 SSR primer pairs was selected from a data base of SSRs developed at 100 
International Centre for Tropical Agriculture (CIAT) (16,17) because of their high polymorphic 101 
content and broad coverage of the cassava genome.  102 
The PCR reactions were performed in a Mastercycler (Eppendorf®) using in a final volume of 103 
20µl Bioneer AccuPower® containing 4µl pre-mix (1U Top DNA, 250µM each dNTP, 10mM 104 
Tris-HCl pH 9.0, 30mM KCl, 1.5mM MgCl2, stabilizer and tracking dye), 0.0025ng/µl of each 105 
forward and reverse primer, 0.5ng of template DNA, and 6µl of double distilled water 106 
(ddH2O). The PCR cycles consisted of: 95°C for 5 mi nutes, followed by 34 cycles of 30 107 
seconds at 94°C, 1 minute at 45°C or 55°C, 1 minute  at 72°C, and a final extension step of 5 108 
minutes at 72°C. The DNA fragments were separated o n 4% agarose gel run at 100 volts (V) 109 
for 2 hours (h) using 0.5M TBE buffer. The DNA fragments in gel was visualized by staining 110 
in 0.5ug/mg ethidium bromide for 30 minutes and rinsed in distilled water for 20 minutes, 111 
visualized and photographed on ultraviolet (UV) transilluminator at 312nm. Allele sizes were 112 
scored using a 100 base pair (bp) molecular size ladder. 113 
 114 
2.2 Statistical analysis 115 
A total of 14 SSR markers data were chosen for their di-allelic nature and utilized for gene 116 
diversity analysis. Simple sequence repeat primers that showed distinct and scorable DNA 117 
bands were considered for analysis. The generated DNA bands were scored based on their 118 
band marker sizes. The PowerMarker software package (18) was used for the following 119 
statistical analysis: percentage of polymorphic loci, mean number of alleles per polymorphic 120 
locus, average observed heterozygosity (Ho) and average gene diversity (He) was done 121 
(19).  122 
Genetic distance among accessions was estimated using NTSYS-pc, version 2.1 (20). The 123 
generated DNA bands were scored based on their allele sizes. The binary data matrix 124 
generated was used to construct a dendrogram. The similarity matrix was subjected to 125 
UPGMA by selecting the SAHN programme and tree plot analysis. The cophenetic 126 
correlation coefficient (r) for the dendrogram was computed. Principal Coordinate Analysis 127 
(PCoA) for SSR data was used to construct a matrix plot to show the broad multiple 128 
dimension contribution of the genotypes, using NTSYS software (20). 129 
 130 
3. RESULTS  131 
 132 
A total of 11 out of the 14 pairs of primers gave polymorphic bands; the remaining primers 133 
failed to amplify any product or were monomorphic and therefore were not considered for 134 
further analysis. A total number of 28 alleles were detected with the 11 SSR primer pairs 135 
among the ten cassava genotypes. The number of alleles ranged from 2 to 4 per locus with 136 



 

a mean of 2 alleles per locus (Table 1) (Plate 1). The polymorphic information content (PIC) 137 
values also ranged from 0.09 in SSRY4 to 0.65 in SSRY100 with an average of 0.29. The 138 
most polymorphic primers were SSRY100, SSRY106 and SSRY51 based on PIC values. 139 
The allele frequency of all the primers was generally below 0.95. Gene diversity was high 140 
ranging from 0.1 in SSRY4 to 0.7 in SSRY100 with a mean value of 0.34. The observed 141 
heterozygozity (Ho) calculated for each primer ranged from 0.34 (SSRY181) to 0.82 142 
(SSRY9) with the mean of 0.56.  143 
 144 
Table 1: SSR marker, number and frequency of alleles, gene diversity, heterozygozity 145 
and polymorphic information content (PIC) values generated from 11 SSR data. 146 
 147 
SSR Marker Allele Number Allele frequency GeneDiversity Heterozygosity PIC

SSRY4 2 0.95 0.1 0.47 0.09

SSRY9 2 0.65 0.46 0.82 0.35

SSRY21 3 0.5 0.5 0.59 0.38

SSRY51 3 0.68 0.48 0.55 0.42

SSRY100 4 0.4 0.7 0.65 0.65

SSRY106 4 0.63 0.56 0.6 0.52

SSRY161 3 0.82 0.31 0.53 0.28

SSRY179 2 0.68 0.43 0.36 0.34

SSRY180 2 0.73 0.4 0.55 0.32

SSRY181 2 0.7 0.42 0.34 0.33

SSRY182 2 0.67 0.44 0.56 0.35

Mean 2 0.74 0.34 0.56 0.29  148 
 149 
In Figure 1, the genotypes were clustered in to five groups; (I) consisted of KMA1 and WP, 150 
(II) MH95/0183, (III) KMA2, KMA3, KMA5, CHEPS and 990072, (IV) KMA4 and (V) KME1. 151 
About 60%, 58% and 39% of the mentioned quantitative, qualitative and combined 152 
quantitative and qualitative characteristics, respectively, contribute to differentiate these 153 
genotypes. The cophenetic correlation coefficients (r) of the SSR dendrogram were 0.91. 154 



 

155 
Figure 1: Dendrogram of 10 cassava genotypes generated by UPGMA clustering 156 
based on 11 SSR markers using simple matching coefficient.  157 
A further molecular analysis using SSR data matrix in Figure 2 shows the scatter plot that 158 
splits the genotypes by the first two coordinates. The principal co-ordinate analysis (PCoA) 159 
more closely resembled the dendrogram obtained with SSR data analysis (Figure 1). The 160 
first and second principal components of the 10 cassava cultivars comprised 26.21% and 161 
24.23% of the total variation (50.44%) respectively. 162 

 163 
Figure 2: Principal coordinate analysis of 10 cassava genotypes based on SSR 164 
markers with simple matching similarity coefficient. 165 
 166 



 

The UPGMA and the PCoA clustering analysis have the same clustering for genotypes 167 
990072, KMA4 and CHEPS, KMA3 and KMA5 while KMA1, WP and KME1, KMA2 and 168 
MH95/0183 were found clustering together in the PCoA and not in the UPGMA clustering. 169 
 170 

 171 
Plate 1: SSR markers profile of 10 cassava genotypes generated by primer SSRY21.    172 

4. DISCUSSION 173 
 174 
From the results 11 out of 14 primers used produced a number of alleles that ranged from 2 175 
to 4 with an average of 2.0 alleles per locus, which agrees with an author studying 31 176 
improved cassava cultivars and landraces (21). An author studying Indian cassava 177 
accessions with 15 SSR primers recorded a range of 2 to 6 alleles with mean number of 4 178 
alleles per locus while other obtained a ranged from 2 to 9 with an average of 5.0 alleles per 179 
locus among 43 cassava accessions with 36 SSR primers (22,23).  180 
The polymorphic information content (PIC) value was calculated to characterize the capacity 181 
of each primer to detect polymorphic loci which ranged from 0.09 to 0.65 in the current 182 
study. The result showed that most of the primers were found to be highly informative and 183 
can be used to study phylogenetic relationship and genetic diversity studies in future. The 184 
allele frequency of all the primers was generally below 0.95 indicating that they were all 185 
polymorphic in character. Gene diversity was high ranging from 0.1 to 0.7, comparing 186 
favourably with other results (23). The differences in allele frequencies seen among some 187 
genotypes in this study are probably due to genetic drift effects subsequent to mutation. The 188 
observed heterozygozity (Ho) mean was 0.56 which suggests a diverse set of considerable 189 
genetic heterogeneity among the cassava genotypes that could be useful for improving 190 
cassava diversity (16,24). 191 
The genetic relationships observed among the cassava genotypes using cluster analysis 192 
revealed differentiation of the genotypes at 45% distance coefficient. The clustering of the 193 
some varieties in the dendrogram and PCoA analysis were the same hence complements 194 
each other. Mutant varieties KMA2, KMA3, KMA4 and KMA5 were clustered far from the 195 
parent material (KME1) in the dendrogram and PCoA analysis, which likely suggests that 196 
mutation which is a random phenomenon, might have occurred resulting in variations within 197 
the clones (25). For a useful mutation to be found it requires individual plant evaluation since 198 
mutation is a single cell event and that even the useful mutant might be accompanied by 199 
many changes in biochemical, morphological and functional properties (4).  Other similar 200 
findings have been reported to have a high degree of genetic variability among 94 cassava 201 
accessions using PCR-based markers of Brazilian origin (26). It has also been found that 202 



 

most gene diversity assessed was concentrated within cluster groups of cassava from Africa 203 
with SSR markers (27). The same pattern was observed with sweet potato landraces from 204 
the Vale do Ribeira (28). 205 
 206 
5. CONCLUSION 207 
 208 
There is sufficient genetic diversity among cassava genotypes studied using 14 SSR primers 209 
in which 11 SSR primers produced 28 polymorphic alleles. The dendrogram constructed 210 
were able to group the cassava genotypes into 5 clusters based on SSR markers at 63% 211 
distance coefficient. This indicates that there is sufficient genetic diversity among cassava 212 
genotypes which could be exploited for conservation, breeding and selection programmes 213 
for improved genotypes for cassava production. 214 
 215 
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