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Abstract: This study seeks to determine the genetic diversity among two cassava populations for 

Total carotene content, dry matter, and hydrogen cyanide using single nucleotide polymorphic (SNP) 

markers. 376 cassava genotypes from two populations were assayed with nine trait-linked SNP 

markers. Data collected were subjected to marker (Minor Allele Frequency-MAF; Gene Diversity-GD; 

Heterozygosity-He; and Polymorphic Information Content-PIC) and principal components (PCA) 

analyses. A high call rate of 96 to 100% was observed across the populations. Discriminate analysis 

of PCA and hierarchical cluster dendrogram using the SNP markers categorized the genotypes into 

three clusters with 257, 88 and 15 genotypes in clusters 1, 2, and 3, respectively. The variation 

explained by the first two PCs was 39.1%. The level of genetic diversity observed in this study indicate 

sufficient variation in the two populations, hence promising for the pyramiding of genes for the three 

traits. The SNP markers used for this study were highly informative, polymorphic, and revealed good 

estimates of genetic diversity. Clustering patterns of the genotypic backgrounds along the PC axis 

reflect an intense exchange of genetic backgrounds among the populations studied. Results from this 

study may contribute significantly to cassava breeding and germplasm conservation programs. 

Keywords: SNP marker; cassava; genetic diversity; hydrocyanic acid; total carotenoid; dry matter 

content; biofortification 

 

INTRODUCTION 

Cassava (Manihot esculenta Crantz; Euphobiecae) is the fourth most important crop in the world, 

after rice, wheat and maize (Mtunguja et al., 2019), playing a central role in food security and income 

generation for smallholder farmers especially in sub-Saharan Africa (SSA) (Mohidin et al., 2023). It is 

a perennial woody shrub with a starchy edible root that is widely cultivated and well adapted to the 

farming system of small-scale farmers (Ceballos et al., 2011; Esuma et al., 2016). The flexibility in 

planting, harvesting time and drought tolerance ability makes cassava popular among low-income 

earners with the ability to grow and produce on low nutrient soils and poor climatic conditions 

(Immanuel et al., 2024). Over 800 million people in sub-Saharan Africa (SSA), Asia and Latin America 

(Adebayo, 2023) depend on cassava as a staple and important source of dietary energy (Ferguson et 

al., 2019). Approximately, 178 million tonnes of cassava are produced in Africa (FAOSTAT, 2019). 

Cassava serves several purposes which include rural food staples, a cash crop for urban consumption, 

raw materials for industries, famine reserve, animal feed and foreign exchange (Tumuhimbise et al., 

2014). Over the years, a lot of improved cassava varieties have been developed including the yellow 

root cassava (Kongsil et al., 2024). 
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However, most clones cultivated in SSA are deficient in essential micronutrients which pose 

major health challenges of nutritional insecurity (Ceballos et al., 2017; Balogun, 2022). Significant 

attempts have been made to develop cassava genotypes with combined traits such as provitamin A 

carotenoids (pVAC), dry matter content (DMC) and low hydrogen cyanide (HCN), but very little is 

known about their genetic diversity (Kamara, 2018). This makes it difficult to explore useful alleles 

for population improvement. Knowledge of the extent of genetic diversity is a prerequisite in 

providing an opportunity to broaden the genetic base to produce new and also permit the detection 

of genetic differences among closely related individuals (Tiago et al., 2016). Genetic analysis of 

cassava is essential to enhance the genetic yield and nutritional potential and maximum utilization 

of the desirable characters for synthesizing any ideal genotypes (Andrade et al., 2017). The assessment 

of genetic diversity among cassava populations is measured by using biochemical, morphological 

and molecular characterization (Okogbenin et al., 2012). However, morphological markers have 

several defects that reduce the ability to estimate genetic diversity in cassava as it is highly dependent 

on the environment for expression (Xiao et al., 2025). 

The use of modern breeding tools such as molecular markers has provided useful insight for 

genetic characterization (Ren et al., 2013; Xiao et al., 2025). This permits the detection of genetic 

polymorphisms among cassava genotypes by revealing useful alleles that can be exploited in cassava 

biofortification breeding (Rabbi et al., 2014; Udoh et al., 2017). Such information guides the breeder 

to select unique clones to broaden the genetic base and produce superior varieties since the 

information revealed is based on the plant genotypes and also independent of environmental 

variation. Several different markers have been used over the years to characterize cassava germplasm 

for genetic variation (Ceballos et al., 2015; Karim et al., 2020). Single Nucleotide Polymorphism (SNP) 

markers are increasingly becoming markers of choice for genetic diversity studies and plant breeding 

applications (Rabbi et al., 2020; Amoah et al., 2025). SNPs are useful in detecting and identifying 

specific genetic differences even in a low-diverse population (Ferri et al., 2010). A marker system 

based on SNPs provides extra advantages due to the low genotyping cost, abundance in the genomes, 

biallelic nature, and their amenability for high-throughput detection formats and platforms (de 

Oliveira et al., 2012). These advantages of SNPs call for their application in genetic diversity research 

(Welsch et al., 2010; Karim et al., 2020). Thus, the objective of the present study was to assess the 

genetic diversity and relationships among two cassava populations using SNP markers to explore 

useful alleles to broaden the population base. 

MATERIALS AND METHODS 

Description of Plant Material 

A total of 376 cassava genotypes from two populations: 277 genotypes (pop 1) derived from 

open-pollinated crosses among 23 progenitors of advanced breeding lines from IITA which combine 

high carotenoid content, high dry matter, high starch, and Cassava Mosaic Virus (CMD) resistance, 

and 76 genotypes from University of Ibadan (UIC, pop 2) with variability in storage root colour 

ranging from cream to deep yellow were used for this study. Parent materials for pop 2 are yellow-

root cassava varieties (IITA-TMS 1070593, IITA-TMS 1011371, IITA-TMS 1070539, IITA-TMS 1011368, 

and IITA-TMS-1011412) selected for their high β-carotene content, CMD resistance/tolerance and 

storage root yield. 

Experimental Layout and Management 

Botanical seeds for population 1 were sown in the greenhouse, and the germinated seedlings 

(20–25 cm tall) were transplanted on the field. The plants were harvested 8 months after planting 

(MAP). The population 1 trial was established using augmented design and spacing of 1m between 

rows and 0.25 m within rows with clone TMEB117 as a common check. The seedlings were 

transplanted to the field in the first week of November 2024 at IITA, Ibadan, Nigeria (7°24′ N, 3°54′ 

E; 200 m above the sea level). Population 2 was established in May 2024 using Randomized Complete 
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Block Design (RCBD) at the Teaching and Research Farm (longitude 3°45ʹE and latitude 7°27ʹN) of 

the Department of Crop and Horticultural Sciences, University of Ibadan, Oyo State, Nigeria. Twenty 

stem cuttings were planted in each plot measuring 20 m2 at a spacing of 1 m × 1 m with two 

replications. Field management practices were performed according to standards and technical 

recommendations for cassava at both experimental stations. 

Molecular Characterization 

Genotyping 

A total of three hundred and seventy-six (376) cassava genotypes from vigorously growing 

plants: IITA-derived clones (Pop 1) (261 genotypes), University of Ibadan derived-UIC (pop 2) (76 

genotypes) and 23 parents were used to generate the population 1 were assayed using the nine (9) 

trait-linked KASP markers (Udoh et al., 2017; Ogbonna et al., 2020; Rabbi et al., 2020) (Table 1). The 

genotyping process started with the leaf sample collection where four-leaf disk punches (6 mm 

diameter) were collected from 376 samples into 96 well- plates. Single-hole punchers and forceps 

were used to punch and placed the punches in wells of the plate. The sample plates were labeled with 

a tape and marker pen to identify each plate. The plates were covered with paraffin oil and then 

stored in Bioscience Center at IITA using LABCONCO FreeZone 18 Liter -50°C freeze-dryer 

(Labconco, Kansas city, MO, USA). The samples were freeze-dried at a temperature of -51°C and 

pressure of 5.0 pas for at least 72 hours until completely dry. The freeze-dried samples were shipped 

to Intertek lab, Australia where genotyping using the Kompetitive Allele-Specific PCR (KASP) 

method was carried out. Two non-template controls (NTC) were included in each plate. Detailed 

procedures for setting up and executing KASP genotyping reactions can be found in the KASP user 

guide (Genomics LGC, 2013). In brief, genotyping was performed using a high-throughput PCR SNP 

line platform with a reaction volume of 1 μL per well in 384-well plates. Each KASP reaction included 

three main components: genomic DNA from the sample, a marker-specific assay mix containing 

allele-specific primers, and the KASP-TF™ Master Mix. The master mix incorporates two universal 

FRET-based fluorescent cassettes (FAM and HEX), a reference dye (ROX™), Taq DNA polymerase, 

dNTPs, and MgCl₂ in a proprietary buffer. Each marker assay mix was uniquely tailored with two 

allele-specific forward primers and a shared reverse primer. After thermal cycling, fluorescence was 

measured and genotyping calls were made using KRAKEN™ software. 

Table 1. Markers and flanking sequences of the SNPs used for genotyping cassava genotypes in two 

populations. 

Marker_allele

_trait 
Chr. SNPs and Sequence 

S1_24197219 

(C/T) 
1 

GATGTAGGCATGTTACATATAAGGGCTACATACACATTAGCAGCT

AAAATGAGACCCGGATACCGAGCAATGCCATCAATTGAGAGATG

AACTCAGGGTG[C/T]CCTGGCCATGCAGCTCCAGTAACCAAATTTT

CATGAGTGTAGCAACGATGTATTGGATCAGGTTCTAGCCATGTTGC

CCCAGCCAAGACCACGTTAATCT 

S6_20589894 

(A/T) 
6 

ATTGATGATTTTTTATTCATGATATGTAGCTATCAAAGTTACTCAGC

AATGTCCTTGTTTTAGCCATGCTAGCAGCATGTTTTGTTGCGACAA

CAGTTGG[A/G]AGTTGTATGAATATTGTTTTATCTTGTATGCAGAAT

ATCATTGGGCAGGAAGCAGGGAAAAGCGTGATTGAGGAATATTT

ACGTCGTAGGGGTCACTCAG 

S1_30543962 

(A/G) 
1 

GGAGGTTTTTTTATGTGGCATTCTCAGCAGCTGCAGGAATCTCATT

GTTCTTTACAATTCCAAGGCTCTTTCTTGCAATTAAAGGTGGGGAA

GGTGCCCC[A/G]GACCTCTGGGGAACTGCTGGAAATGCTGCCATTA

ATATTGGTGGTAAATGCTTTAACCTTTCTCTGTCATATGAAGAAAA

TGAGTTAATTGATGTATAAT 
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S5_3387558 

(C/T) 
5 

GTTACACTTAGACCCTTGTCATTAAACATTACTGAGGCTGCAGTTG

AAGTGTAAACAACTCTTTTCACTGTCTTTGATTCCAAGCATGTCCTT

AATATCC[C/T]TAGCAATCCATCCACGGCTATTTTGGTCACACTTTC

TTCAGGTTCTTTTCCATAATGATCCATTGGGTGAGCCACATGGAAG

ACTCCAATACAACCTTCA 

S8_25598183 

(G/T) 
8 

TAAATTCTGACTGTCTTGGCATGACTGTCCAGGTAGTCCCCGAAAA

TGAGAATGCTGCTCTCTACTCCACTCATTCATTCAAGATTTTGTTCA

AGGAAGG[G/T]GGTTGTGGAACCTTCATTCCGCTCTTTTTCAACTTG

CTCTCTTCAGTAAGGCAATACAATCAGCAACAAACCTCTGGAATG

GGGCCCCAGATGAACCCTT 

 S1_24155522 

[A/C] 
1 

GACAGATGAGCTTGTTGATGGACCTAATGCTTCACACATAACGCC

AACAG[A/C]TTTAGATAGGTGGGAAGCAAGGTTGGAAGATATGTTT

CGAGGTCGTCCCT 

S12_5524524 

[T/C] 
12 

TGAATTATTTTAACTCTTTGATTGCTTCGCCAGTGCCTGGTCTCCAG

AATGTGTGTGTTGCTTTGGTTTGTAGTTCCAAAGGTGAGCTGTGGC

AATTTTA[T/C]TGCAGCCCCACTGGCATTAGACGCAGTAAATTATA

TCAGGACGAAGTAAGTTCATCCTTCAAAGGAAATGATAATGGTCA

ATTTGTGGGGAGCAAAGGTT 

S16_773999 

[A/G] 
16 

GTGAGCAACGAGCTAGGAGCAGGACATCCAAAATCAGCAGCATT

TTCTGTGATAATTGTGAATCTATGCTCTTTCATTATCGCTGTWRTCG

CAGCCATCRTCGTGATGATWTTGCGAGACTATCTCAGCTACGCTTT

YACTGATGGTGAA[A/G]CTGTTTCCAAAGCRGTCTCCGATCTYACC

CCCTWCTTGGCTGYCACCCTCATTCTAAATGGSGTGCAGCCTGTTT

TGTCCGGTRAGATAATYYCCCCAACCTCCCCCCTGTTCCCTGTTATT

ATTAYGATTCCTTCATAGCAGTACTTTT 

S14_6050078 

[G/A] 
14 

CTCKGCAGGTATCTTACCCATAATTTTTTTTAWAAGGAAATACRGA

GACTAAGATTTTCAAATATTTTATTCATATATGYCTAAYGTMTTAA

AAATTGGCAAATTTATAGGAGCATTTGCAGCAATGGCAATATTCG

GAAAGATGGACCA[A/G]TTACTTGCGCCTAAAGGAATTTCTATGAC

AATTGCGCCCTTAGGAGCTGTTTGTGCCGTCCTCTTTGCCACTCCTT

CCTCYCCTGCTGCTCGGGTACCCTCCWCTGCTCYGTTTTATGGCAG

TAGATAAAAATGAGAACTTTTTAACTTT 

_*Chr. = chromosome positionRESULTS. 

Data Analysis 

Genotypic Data and Marker-Trait Association Analysis 

The genotyping file containing the call for each SNP was generated by the SNP viewer. A raw 

Hap Map genotypic data file was generated using R Statistical Software (R Core Team, 2013), which 

was imported into TASSEL 5.0 (Bradbury et al., 2007) to calculate various summary SNP statistics 

such as the call rate, the minor allele frequency (MAF), polymorphic information content (PIC) gene 

diversity (GD) and heterozygous proportion (He). These were the key genetic diversity indices used 

to determine the extent of genetic differences between the two populations alongside the parental. 

Principal component analysis (PCA) was performed using the prcomp function in R Statistical 

Software (R Core Team, 2013) based on the nine markers. A phylogenic relationship among the 

genotypes (a pairwise genetic distance Identity-by-state matrix) was estimated via the PLINK 

software (Purcell et al., 2007), and Ward’s minimum variance hierarchical cluster dendrogram was 

generated from the IBS matrix using the analyses of phylogenetic and evolution (ape) package in R 

software (Paradis et al., 2004) for the nine (9) SNP markers across the three traits studied. This was 

done by calculating the pairwise population differentiation statistics (FST) using variant call format 

tools (Danecek et al., 2011) to estimate the genetic distance between the genotypes in Population 1 

(IITA-derived) and Population 2 (UIC). 
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Diversity Assessment Among Genotypes in Two Breeding Populations; Population 1 and 2 

The summary statistic of the nine (9) SNP markers used to estimate the minor allele frequencies 

(MAF), gene diversity (GD), level of heterozygosity (He), and the polymorphic information content 

(PIC) values are presented in Table 2. The MAF, PIC, He, and GD are key population genetic indices 

that measure the informativeness of a marker and genetic differences among any studied 

populations. Genetic variability was observed among the 360 cassava genotypes across the two 

populations including 23 progenitors. 

The minor allele frequencies (MAF) ranged from 0.11 (S1_24197219) to 0.45 (S5_3387558) with 

an average of 0.25 and 0.00 (S1_24197219, S1_24155522) to 0.41 (S16_773999) with an average value of 

0.28 across the SNP markers in population 2 and 1, respectively. The progenitors MAF ranged from 

0.00 to 0.5 having a mean of 0.29. The MAF values obtained agree with previous reports by Nielsen 

et al. (2012) and Prempeh et al. (2020) who observed MAF values between 0.01 to 0.5. 

The mean heterozygosity (He) for all loci were 0.41 and 0.42, varying from 0.15 (S1_24197219) to 

0.88 (S5_3387558) and 0.00 (S1_24197219, S1_24155522) to 0.73 within populations 2 and 1, 

respectively. Maximum heterozygosity was present at SNP S5_3387558 (0.88). Gene diversity (GD) 

was highest (0.50) for SNP S5_3387558, S16_773999 and the lowest (0.00) for S1_24197219 and 

S1_24155522 with the mean GD of 0.36 across the populations. 

The average gene diversities obtained for the two populations including the progenitors were 

lower than the mean heterozygosity observed. The polymorphic information content values (PIC) 

ranged from 0.17 (S1_24197219) to 0.37 (S5_3387558, S130543962) (mean, 0.45); 0.00 (S1_24197219, 

S1_24155522) to 0.37 (S16_773999, S8_25598183) (mean, 0.27) in both populations 2 and 1, respectively. 

The PIC values in the parents ranged from 0.00 to 0.37 with an average of 0.27 (Table 2). About 78% 

of SNP markers used in this study recorded a PIC > 0.28, indicating that the markers were relatively 

more informative than those below. The GD, level of He, and PIC followed the same pattern among 

the SNP markers used for the study. Different PIC values were observed across the SNP loci for the 

entire population. 

Table 2. Summary statistics of the nine (9) SNP markers for genetic diversity studies of the three studied 

populations 1 & 2 and the progenitors. 

 Population 1 Population 2 Parents of pop1 

SNP Marker MAF GD He PIC MAF GD He PIC MAF GD He PIC 

S1_24155522 0.14 0.24 0.22 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

S1_24197219 0.11 0.19 0.15 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

S1_30543962 0.43 0.49 0.63 0.37 0.37 0.47 0.52 0.36 0.37 0.47 0.57 0.36 

S5_3387558 0.45 0.50 0.88 0.37 0.36 0.46 0.73 0.36 0.46 0.49 0.91 0.37 

S6_20589894 0.40 0.48 0.41 0.36 0.34 0.45 0.53 0.35 0.32 0.43 0.36 0.34 

S8_25598183 0.24 0.36 0.39 0.30 0.43 0.49 0.57 0.37 0.37 0.47 0.48 0.36 

S12_5524524 0.15 0.26 0.30 0.22 0.37 0.46 0.58 0.35 0.37 0.46 0.64 0.36 

S14_6050078 0.21 0.33 0.36 0.28 0.28 0.38 0.40 0.31 0.20 0.31 0.39 0.27 

S16_773999 0.29 0.41 0.37 0.32 0.41 0.49 0.42 0.37 0.50 0.50 0.48 0.38 

Mean 0.28 0.36 0.41 0.29 0.28 0.36 0.42 0.27 0.29 0.35 0.43 0.27 

MAF = Minor allele frequency; GD = Gene diversity; He = Heterozygosity; PIC = Polymorphic information 

content; pop = population. 

The PIC, MAF, He, and GD values observed for different markers were high among the clones 

except for markers S1_24197219 and S1_24155522, which had 0.00 for all genetic diversity parameters 

within population 1 as well as the progenitors. According to the genetic diversity parameters, levels 

of diversity for dry matter and HCN were highest in population 1, followed by population 2 with the 

progenitors having the least diversity. 

Figure 1 represents the population structure of cassava genotypes characterized by PCA and 

diversity among 360 cassava genotypes based on the nine (9) markers across the two populations and 
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the progenitors. The total amount of variation explained by the first two (2) PCs was 39.1%. The first 

and second PCs (PC1 and PC2) explain 22.3% and 16.8%, respectively of the total variation observed 

across the populations. From Figure 1, there are no distinct cluster patterns along the two PCs based 

on the genotype background or source. Estimation of cluster membership (Figure 2) convened the 

entire genotypes into three (3) distinct groups. 

Cluster 3 had the highest number (257) of genotypes, followed by cluster 2 (88) with cluster 1 

being the least (15). Cluster 1 members are only made of clones in population 2 while clusters 2 and 

3 contain the mixture of the two populations and the progenitors. The highest genetic distance was 

observed between IBASN201136_3 (pop 1) and TMEB3 (pop 2), while the lowest was recorded 

between IBASN201098_20 and IBASN201098_27 (derived from cross IITA-TMS-IBA154810/IITA-

TMS-IBA180158), and between IBASN201089_7 and IBASN201089_14 (derived from cross IITA-TMS-

IBA150605/IITA-TMS-IBA150815). Genotypes in cluster 1 had low cyanide potential (min = 

9.31mg/100g, max = 49 mg/100g, mean = 27.18) and low TCC (min = 0.59 μg/g, max = 7.15 μg/g, mean 

= 4.40 μg/g) with low to moderate DMC compared to group 1 and 2 members. The dry matter content 

ranged from 16% (TMEB3) to 30.9% (UIC-17-646) with an average of 23.94. In terms of the marker 

properties, group 1 members are either heterozygotes (each copy of favourable and unfavourable 

alleles) or homozygotes (two copies of unfavourable) for the four markers linked with pVAC; 

likewise, locus S14_6050078 (AA and AG) which is HCN marker. Cluster 2 members are comprised 

of two progenitors (IITA-TMS-IBA141092 and IITA-TMS-IBA180158), three clones from pop 2 (UIC-

17-5, UIC-17-1842, and UIC-17-1972) with the remaining 83 coming from the pop 1. Variety IITA-

TMS-IBA141092 was used as a female in the cross to generate IBASN201149 (pop 1) which are both 

in clusters 2 and 3. 

 

Figure 1. Principal component analysis of 360 cassava genotypes derived from nine (9) SNP markers. 
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Figure 2. Hierarchical cluster dendrogram showing the genetic relationship among the cassava genotypes for 

nine (9) SNP markers. 

A similar clustering pattern was observed for variety IITA-TMS-IBA180158 when used as female 

to generate IBASN201160 (pop1). However, when variety IITA-TMS-IBA180158 was used as male 

(IITA-TMS-IBA154810/IITA-TMS-IBA180158), all the progenies (family IBASN201098) were grouped 

in cluster 3. The majority of the parents used as both males and females were found in cluster 3, 

including their progenies. Cluster 2 members are generally high cyanogenic potential genotypes with 

high carotenoids and dry matter content. 

Cluster 3 is the largest consisting of clones from both populations and the progenitors (21 out of 

23) of pop 1. The genotypes consist of low, moderate, and high TCC, dry matter, and HCN content. 

All three genotype classes for 7 SNP markers were observed within cluster 3 except markers 

S1_24155522 (AA) and S1_24197219 (TT) which had only one type of genotype class. 

Discussion 

Single Nucleotide Polymorphism markers (SNPs) were used to estimate the genetic divergence 

and also determine the extent of genetic variation for dry matter, carotenoid content, and hydrogen 

cyanide among two different cassava populations; Population 2 (UIC-derived) and population 1 

(IITA-derived) alongside the progenitors used to generate population 1. The efficient use of 

11

3

2
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population in crop improvement is largely dependent on the knowledge of the genetic difference and 

the amount of variation that exists in such population. The different MAF values observed across the 

SNP markers arose from the different populations used in the study and this concord with a previous 

report by Ioannidis (2009). These values indicate that the SNP markers used in the present study are 

polymorphic. 

The quality of a SNP marker as confirmed by Wang et al. (2009) is defined by the values of both 

the minor allele frequency and heterozygous proportion. A lower average gene diversities obtained 

suggests some form of outcrossing or heterozygote excess which is contrary to expectations for a 

natural population under the Hardy-Weinberg equation. Due to the propensity of cassava for natural 

interspecific hybridization, the crop is highly heterozygous (Alves, 2002; Janick and Byrne, 1984). 

Over 78% of SNP markers used in this study recorded a PIC > 0.28 which indicate the markers were 

relatively more informative since Polymorphic information content measures the discrimination 

power and informativeness of SNP marker; thus, quantifying the degree of polymorphism among 

genotypes for an SNP locus used in diversity analysis (Ganapathy et al., 2012; Makueti et al., 2015; 

Prempeh et al., 2020). Therefore, the quality of these markers could be said to be high enough to detect 

variation among cassava genotypes (Oliveira et al. 2014). Different PIC values observed across alleles 

could result from factors such as breeding behavior of the species, evolutionary pressure and 

mutation rate in a population over a given period genetic diversity in the collection, size of the 

collection, the sensitivity of the genotyping method, location of primers in the genome used for study, 

etc. (Choudhury et al., 2013; Ogbonna et al., 2021). 

The bi-allelic nature of SNPs leads to relatively low PIC values, reported to range from 0 to 0.5 

as opposed to SSRs which are multi-allelic and can have a PIC value that goes above 0.50 to 1.0 

(Choudhury et al., 2013; Prempeh et al., 2020). Hence the two populations studied showed moderate 

to high genetic diversity for carotenoid content, dry matter content, and hydrogen cyanide content 

for high PIC, GD, and He values recorded (Prempeh et al., 2020; Olasanmi et al., 2021). This suggests 

the availability of useful alleles that could be exploited in cassava biofortification programmes. The 

determination of the extent of genetic diversity for traits among breeding populations using SNPs is 

hence, highly recommended (Wolfe et al., 2016; Andrade et al. 2017). Markers with relatively higher 

PIC revealed high GD and He, as also reported by Olasanmi et al. (2021). The polymorphism and the 

distribution of DNA segments across the genome differ among different marker types for the 

genotypic background. 

The values observed (Table 4.1) for markers S1_24197219 and S1_24155522 were expected since 

the two markers co-segregated in the studied population due to physical linkage on chromosome 1, 

which was also observed by Zhang et al. (2015). A genome-wide association study (GWAS) report by 

Rabbi et al. (2020) found the two SNP loci in the same position on chromosome 1. Although, the 

markers used in this study were mainly designed for marker-assisted selection (MAS), however, they 

can be used for genetic diversity studies. 

Clustering patterns of the genotypic backgrounds along the PC axis reflect an intense exchange 

of genetic backgrounds among the populations studied. Principal Component Analysis is a key 

technique used to identify plant traits that contribute most to the observed variation within a group 

of 360 cassava genotypes. The strong relatedness between the two populations, and a bottleneck in 

the breeding history of progenitors (IITA lines), could be among the factors underpinning the 

clustering pattern. Clones from the UIC breeding programme (pop 2) and the IITA HarvestPlus 

clones (pop) are closely related. The presence of the parents used as both males and females in cluster 

3, including their progenies, signifies maternal effect in inheritance as shown in reciprocal crosses 

(Akinwale et al., 2010). The different genotype classes observed explains why the phenotypic values 

for the assessed traits ranged from low to high. Moreover, the presence of the two populations with 

the progenitors in clusters 2 and 3 indicate the extent and the exchange of genomic regions between 

the IITA-derived (pop 1) and the UI-derived (pop 2). The majority of the progenitors and the pop 1 

observed in group 3 confirms the fact that they were the pedigrees used to derive population 1. The 

clustering pattern observed in these studies could in part be influenced by the source of the genotypes 
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as those with the same parental clones were found within the same cluster (1 and 2) (Kawuki et al., 

2009). 

Conclusion 

This study concluded that about 90 percent of the SNP markers were highly informative and 

polymorphic to distinguish among the cassava populations. The PIC, MAF, He, and GD values 

observed for different markers were high among the clones except for markers S1_24197219 and 

S1_24155522 which appear recorded at 0.00 for all genetic diversity parameters within pop 1 and 

progenitors. The remaining SNPs could therefore be used for future genetic diversity studies in 

cassava. In addition, SNP markers were able to separate the genotypes into different clusters. Genetic 

diversity parameters indicate sufficient genetic variation exists among the two populations 

genotyped for the assessed traits, hence, the presence of useful alleles that could be exploited in the 

biofortification breeding programme. The high allelic richness coupled with estimates of gene 

diversity designate a moderate to high genetic diversity among the studied cassava population. The 

genetic differentiation revealed by the SNP markers in the two populations including the progenitors 

ranged from moderate to high for the assessed traits. Hence, the inclusion of such genotypes during 

breeding programs would enhance the development of low HCN clones with high carotenoid content 

and DMC that will be easily adopted by farmers and other stakeholders along the value chain. 
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