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ABSTRACT
Use of molecular markers has improved the analysis of genetic variation by eliminating environmental influences on genotype 
performance. The objective of this study was to assess the genetic diversity (GD) and population structure of 327 sweetpotato 
genotypes sourced from the major sweetpotato-growing regions of Zimbabwe and from the International Potato Centre (CIP) in 
Mozambique using low-density Diversity Array Technology (DArTseq) SNP chip covering the 90 chromosomes of sweetpotato. 
The genotypes' GD varied from 0.12 to 0.50, with a mean of 0.36. The mean PIC value of the SNP markers was 0.29. As SNP 
markers are biallelic with a maximum PIC of 0.50, this value indicates a moderate level of polymorphism. There was a good rep-
resentation of minor alleles within the population, with an average minor allele frequency (MAF) of 0.26. The average observed 
heterozygosity of 0.12 was consistent with the cross-pollinating system in sweetpotato but could perpetuate a narrow genetic 
base. There was limited interbreeding between the populations of sweetpotato, as indicated by a mean fixation index (F) of 0.68. 
The high F values indicated that most alleles per genotype were contributed by one parent, which is unusual in allogamous spe-
cies such as sweetpotato. The sweetpotato genotypes in this study could be clustered into two sub-populations with significant 
differences within the sub-populations. Genetic variation among genotypes is essential for the improvement of sweetpotato. Still, 
significant genetic gain could be achieved by cross-pollinating divergent genotypes with high MAF to create segregants with rare 
alleles. It is, thus, important to capture the rare alleles as they help adapt to current and future environmental shifts.

1   |   Introduction

Sweetpotato (Ipomoea batatas [L.] Lam.) is an important root 
crop used for food, feed and biofuel. The importance of sweet-
potato has increased due to the rising prices of staple food 

crops such as maize (Zea mays), wheat (Triticum aestivum 
L), rice (Oryza sativa) and Irish potato (Solanum tuberosum) 
(Sapakhova et al. 2023). Although its high biomass productiv-
ity and adaptability to diverse production environments make 
it ideal for production in marginal environments (Chiona 2009; 
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Cole et  al.  2014), several biotic (viruses and weevils) and abi-
otic (drought and low soil fertility) factors still challenge its 
production.

In addition, a lack of improved varieties for production has led to 
low average yields of 5 t/ha attained by farmers against a poten-
tial of 23–25 t/ha (van Vugt and Franke 2018). Many smallholder 
farmers still cultivate landraces and varieties that have low 
yield potential (Eriksson et  al.  2018). However, landraces are 
important sources of genes for adaptation to biotic and abiotic 
stresses compared to improved varieties. Incorporating landra-
ces in breeding programmes can broaden the gene pool for crop 
improvement but must be followed by effective and efficient 
selection for high yield and desirable agronomic performance 
(Lazaridi et  al.  2024). Therefore, understanding the available 
genetic variation and population structure is imperative for de-
vising suitable breeding strategies.

Developing new improved varieties depends on wide genetic 
variation for selection (Ulukan  2009). To evaluate genetic 
variation for significant traits and assess the population 
structure for conservation purposes, morphological and mo-
lecular markers have been employed (Emanuelli et al. 2013). 
Molecular markers are particularly useful for evaluating ge-
netic diversity (GD) and relatedness among various genetic 
resources. To assess genetic variation in sweetpotato, several 
marker types have been used, such as simple sequence re-
peats (SSRs) or microsatellites (Buteler et  al.  2002; Gichuru 
et al. 2006; Koussao et al. 2014; Imamura et al. 2014; Ngailo 
et  al.  2016), inter-simple sequence repeats (ISSRs) (Huang 
and Sun 2000), random amplified polymorphic DNA (RAPD) 
(Gasura and Mukasa  2011; Maquia et  al.  2013), amplified 
fragment length polymorphism (AFLP) (Zhang et  al.  2000; 

Elameen et al. 2008), selective amplification of microsatellite 
polymorphic loci (SAMPL) (Yu-Tien Tseng et al. 2002) DNA 
amplification fingerprinting (He et  al.  1995) and single nu-
cleotide polymorphism (SNPs) (Arif et al. 2010). SNPs mark-
ers, in particular, facilitate genetic studies because they are 
amenable to automation and are highly reproducible (Jehan 
and Lakhanpaul 2006) compared to the other markers.

The Crop Breeding Institute (CBI) in Zimbabwe is involved 
in breeding for biofortified sweetpotato cultivars to improve 
nutritional and processing quality, and market preference. 
Accordingly, the CBI often introduces sweetpotato germplasm 
from diverse genetic backgrounds into Zimbabwe. The intro-
ductions are not well characterized for immediate incorporation 
into breeding programmes. It is imperative to conduct genetic 
studies on the introduced and local germplasm as a pre-breeding 
activity to devise appropriate breeding strategies. Therefore, this 
study aimed to assess the population structure and GD of local 
and introduced sweetpotato genotypes in Zimbabwe using SNP 
markers. The study will contribute to baseline information re-
quired to inform breeding efforts for sweetpotato improvement 
in Zimbabwe and its germplasm exchange partners.

2   |   Materials and Methods

2.1   |   Plant Material

A total of 327 sweetpotato genotypes were used in this study 
(Table  S1). The genotypes consisted of landraces collected 
from the major sweetpotato-growing regions of Zimbabwe 
(Figure  1) and 181 genotypes from the International Potato 
Centre (CIP) in Mozambique. From Zimbabwe, 89 landraces 

FIGURE 1    |    Sweetpotato growing regions in Zimbabwe. [Color figure can be viewed at wileyonlinelibrary.com]
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were collected from Mashonaland East, 27 from Manicaland, 
16 from Masvingo and 10 from Mashonaland Central prov-
inces. The genotypes were grouped based on the geographic 
region of their source for further analysis, with the groups 
comprising genotypes obtained from CIP-Mozambique as one 
group and the other group genotypes sourced in Zimbabwe. 
The group of genotypes from Zimbabwe was further subdi-
vided into four sub-populations based on the province from 
which they were collected.

2.2   |   Leaf Sampling and Shipment

Fresh leaf samples were collected from 3-week-old seedlings 
of each genotype for deoxyribonucleic acid (DNA) extraction. 
Supporting Information S3 provides the leaf sampling, drying, 
packaging and shipment protocol used in this study as guided 
by Intertek laboratory in Sweden https://​www.​inter​tek.​com/​
agric​ulture/​testi​ng/​. Four leaf disks were punched out for 
each accession using a leaf-cutting punch. To avoid cross-
contamination between accessions, 70% alcohol was used 
to sterilize the puncher. Sampled leaf discs were oven-dried 
at 35°C for 24 h, and the plates were immediately secured 
with lids after drying. The sampling plates were packaged 
and shipped to the Intertek laboratory in Sweden https://​
www.​inter​tek.​com/​conta​ct/​ema/​sweden/​. The samples were 
genotyped on a low-density Diversity Array Technology 
(DArTseq) SNP chip covering the 90 chromosomes of sweet-
potato. Diversity Arrays Technology SNP (DArT SNP) mark-
ers were aligned to the reference genomes of wild sweetpotato 
(Ipomoea Trifida v.3).

2.3   |   Data Filtering and SNP Calling

The snpReady software was used to filter the first 37 SNPs from 
the genotyping-by-sequencing (GBS) pipeline by eliminating 
SNPs with 20% missing data and less than 5% minor allele fre-
quency (MAF) (Italo 2018). Individual genotypes with missing 
data, more than 20%, were eliminated. SNPs with a MAF of 0.05 
and a call rate of 80% or above were kept. As a result, analysis 
was conducted using 327 genotypes and 30 SNPs, and of the 30, 
27 were polymorphic (Table 1).

2.4   |   Data Analysis

The Nei and Li (1979) technique was used to calculate the num-
ber of alleles per locus, the number of effective alleles per locus, 
Shannon's Information Index and gene diversity. An analysis of 
molecular variance (AMOVA) was conducted to partition total 
genetic variation within and among the different groups of the 
genotypes using GenAlex version 6.5 and R Studio version 4.3.0 
(Peakall and Smouse 2012). Population structure analysis was 
performed using the Structure Software Version 2.3.4 (Pritchard 
et al. 2009).

The burn-in period and the Markov Chain Monte Carlo 
(MCMC) replications were set at 10,000. The structure analysis 
was done for K ranging from 1 to 10 with five iterations at each K 
to determine the optimum number of clusters. The ideal K value 

was identified using the Evanno method, which relies on ΔK 
(Evanno et al. 2005).

The GD parameters including expected heterozygosity (He), 
overall GD, polymorphic information content (PIC), the main 
allele frequency and the breeding coefficient (FIS) were calcu-
lated; the pairwise genetic distances and kinship matrix among 
the 327 sweetpotato genotypes were calculated using GenAlex 
version 6.5 and R studio Version 4.3.0. A dendrogram was then 
generated on the dissimilarity matrix using Gower's Ward.D2 
hierarchical clustering method.

3   |   Results

3.1   |   Genetic Parameters of the Markers 
and Genotypes

The PIC for the markers ranged from 0.11 to 0.37, with an av-
erage of 0.29 for the 30 SNP markers (Table 1). The most infor-
mative markers were snpIB00001, snpIB000010, snpIB00012, 
snpIB00032 and snpIB00051, while snpIB00057 was the least 
informative. The minor allele frequency ranged between 0.3 
and 0.5, averaging 0.26. The average expected heterozygosity 
(He) and observed heterozygosity (Ho) were 0.12 and 0.36, re-
spectively. The marker snpIB00032 had the maximum hetero-
zygosity of 0.69. The maximum Nei GD index was 0.5 and the 
minimum was 0.12, with an average of 0.36 (Table 1).

The genotypes' GD varied from 0.12 to 0.50, averaging 0.36 
(Table  1). The PIC showed a broad range from 0.11 to 0.37, 
with a mean of 0.29. The minor allele frequency (MAF) 
spanned from 0.06 to 0.50, averaging 0.26. Observed hetero-
zygosity ranged from 0.00 to 0.23, with a mean of 0.12. The 
fixation index (F) had a mean of 0.68, ranging from 0.36 to 
1.00 (Table 2).

3.2   |   Population Structure as Revealed by SNP 
Markers

Evanno's method deduced that the highest ΔK value occurred 
at K = 2 (Figure 2). The scree plot shows a significant drop in 
ΔK after K = 2, and all the other values of K show no change in 
ΔK in the scree plot, confirming that K was optimal at 2. The 
two populations were divided into the largest group with 250 
genotypes and the smaller group with 77 genotypes (Figure 3). 
The distribution of the genotypes into clusters was based on 
kinship. Very few individual genotypes exhibited kinship to 
both groups. Different colours represent separate clusters, 
while the length of the coloured segment shows the estimated 
proportion of the membership of a genotype in a particular 
population.

3.3   |   Cluster Analysis of the Genotypic Data 
for the 327 Genotypes

The neighbour-joining dendrogram clustered the 327 geno-
types into five clusters: C1, C2, C3, C4 and C5 based on the SNP 
markers (Figure  4). The biggest cluster was Cluster 2, which 
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comprised 170.04 shares. The next biggest cluster was Cluster 
3, with 71.94, and Cluster 1, with 42.51. Clusters 4 and 5 were 
the smallest, with 32.7 and 9.81 memberships, respectively. The 
names of individuals belonging to each cluster are provided in 
Table S2.

3.4   |   Principal Coordinate Clustering

The principal coordinate analysis (PCoA) showed variability 
among sweetpotato accessions based on the 30 SNP markers. The 
30 SNP markers were used as a cost-effective rapid QA/QC set for 

TABLE 1    |    Genetic diversity parameters were revealed by analysing 30 SNP markers among the 327 sweetpotato accessions.

SNP_Name Chr Position (ref. Ipomoea trifida v.3)* Allele MAF PIC Allele no. Ho He Nei

snpIB00031 1 24,315,805 C/T 0.22 0.28 2 0.02 0.34 0.34

snpIB00032 1 31,682,527 C/T 0.49 0.37 2 0.69 0.5 0.5

snpIB00021 2 6,247,633 T/G 0.19 0.26 2 0.09 0.3 0.3

snpIB00027 2 13,184,152 G/T 0.24 0.3 2 0.02 0.37 0.37

snpIB00035 3 12,595,421 C/G 0.07 0.12 2 0.02 0.13 0.13

snpIB00026 3 24,217,089 A/T 0.29 0.33 1 0 0.41 0.41

snpIB00036 4 8,685,123 C/T 0.25 0.31 2 0.13 0.38 0.38

snpIB00037 4 29,217,872 A/G 0.14 0.21 2 0.01 0.24 0.24

snpIB00038 5 738,566 C/T 0.1 0.16 2 0.02 0.17 0.17

snpIB00040 6 13,312,429 A/C 0.37 0.36 2 0.05 0.47 0.47

snpIB00030 6 19,672,316 G/C 0.09 0.16 2 0.08 0.17 0.17

snpIB00042 7 969,986 A/T 0.39 0.36 1 0 0.48 0.48

snpIB00043 7 17,963,596 C/T 0.27 0.32 2 0.06 0.39 0.39

snpIB00029 7 23,485,155 T/G 0.2 0.27 2 0.1 0.32 0.32

snpIB00044 8 3,253,902 C/T 0.34 0.35 2 0.47 0.45 0.45

snpIB00045 8 3,449,546 C/T 0.19 0.26 2 0.05 0.31 0.31

snpIB00001 8 6,218,106 A/G 0.42 0.37 2 0.01 0.49 0.49

snpIB00046 9 437,404 C/T 0.23 0.29 2 0.03 0.36 0.36

snpIB00010 10 4,446,069 G/A 0.5 0.37 2 0.03 0.5 0.5

snpIB00049 10 22,810,642 G/T 0.23 0.29 2 0.02 0.36 0.36

snpIB00050 11 1,435,859 A/G 0.11 0.18 1 0 0.2 0.2

snpIB00051 11 5,905,491 G/T 0.47 0.37 2 0.03 0.5 0.5

snpIB00012 12 1,719,732 C/A 0.47 0.37 2 0.61 0.5 0.5

snpIB00052 12 8,660,781 A/G 0.28 0.32 2 0.06 0.4 0.4

snpIB00053 12 23,669,355 A/T 0.25 0.3 2 0.01 0.37 0.37

snplB00054 13 221,791 C/G 0.23 0.29 2 0.04 0.36 0.36

snpIB00056 14 16,102,914 C/T 0.3 0.33 2 0.53 0.42 0.42

snpIB00057 14 18,292,043 C/G 0.06 0.11 2 0.02 0.12 0.12

snpIB00058 15 619,627 A/G 0.2 0.27 2 0.02 0.32 0.32

snpIB00060 15 7,544,880 C/T 0.34 0.35 2 0.25 0.45 0.45

Minimum 0.06 0.11 1 0.23 0.12 0.12

Maximum 0.5 0.37 2 0 0.5 0.5

Mean 0.26 0.29 0.12 0.36 0.36

Abbreviations: He = expected heterozygosity; Ho = observed heterozygosity; MAF = minor allele frequency; Nei = Nei genetic distance; PIC = polymorphic information 
content.
*A note explaining that the chromosome position is based on the reference genomeIpomoea trifida v.3 as indicated in the table heading.
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sweetpotato (Gemenet et al. 2020). The two PCs on the PCoA bi-
plot accounted for 90% of the genotype variation (Figure 5). The 
genotypes from CIP-Mozambique were mostly clustered in the 
bottom two quadrants, while the genotypes from Zimbabwe were 
scattered in the top quadrants. The genotypes from Zimbabwe did 
not show further clustering by their source province.

3.5   |   Analysis of Molecular Variance

The analysis of molecular variance (AMOVA) among the 327 
sweetpotato genotypes showed that all the variance observed 
was due to genotypic differences within the two populations 
(Table  3). The expected heterozygosity of genes within pop-
ulations was 0.09 for Population I and 0.15 for Population II 

(Table  4). The corresponding fixation indices (FST) for both 
Populations I and II were 0.08. The estimated Wright's fixation 
index (PhiPT max) of 0.591 and 0.291 was obtained for Sub-
populations I and II, respectively.

4   |   Discussion

The average PIC value of 0.29 is regarded as moderate to high for 
SNP markers. Values above 0.25 are typically considered mean-
ingful for GD research since biallelic SNPs have a maximum PIC 
of 0.50 (Botstein et al. 1980; Baloch et al. 2017). As a result, the 
SNP markers employed here showed adequate discriminatory 
power to evaluate genetic variation and successfully distinguish 
between the genotypes. Usually, bigger sets of markers may have 
higher resolution. Smaller sets of markers can offer some advan-
tages by balancing accuracy and cost-effectiveness in breeding 
programmes. Given that the markers are SNP, small and negligible 
errors can occur compared to a larger data set but they are more 
affordable and provide useful information for characterization 
and identifying variation. The 30 markers used in this study were 
selected for genome coverage, threshold on missing values, chro-
mosome position, genetic distances and validation in progeny. The 
markers used in this study were highly informative based on high 
PIC values and MAF. For the purposes of broad characterization, 
the markers were sufficient because the sweetpotato genotypes 
were diverse and being a hexaploid. Gemenet et al. (2020) used 30 
SNP in a quality control study and found that the small number 
of markers was sufficient with only a 4% difference compared to 
using 300 markers. The PIC values and expected heterozygosity 
(He) are indicators of GD within breeding populations, evolu-
tionary pressures and mutation rates at specific gene locations 
(Botstein et al. 1980; Shete et al. 2000). PIC values are particularly 
helpful in linkage analysis, indicating how well markers track 
inheritance between parents and offspring (Zhang et  al.  2016). 
Though SNPs have lower PIC values due to their bi-allelic nature 
compared to SSR markers, they offer higher resolutions for genetic 
differentiation among genotypes because they detect differences at 
specific loci (Helyar et al. 2011; Suvi et al. 2020). The three mark-
ers that showed higher polymorphisms can be used in the future 
genotyping of sweetpotato clones to identify distant parents for de-
veloping and deploying varieties. The markers with low PIC may 
still be linked to important traits or regions of interest. Low PIC 
of a marker does not discount its potential value in genetic studies 
(Gupta et al. 2001).

This study's heterozygosity (Ho) mean of 0.12 was very low, 
suggesting that the sweetpotato genotypes were highly homo-
zygous. This is unusual for sweetpotato since it is allogamous. 
Sweetpotato is a hexaploidy with generally high heterozygos-
ity for most loci (Monden and Tahara 2017; Lindqvist-Kreuze 

TABLE 2    |    Genetic parameters of 327 sweetpotato genotypes 
measured with 30 SNP markers.

Statistics GD PIC MAF Ho F

Mean 0.36 0.29 0.26 0.12 0.68

Lower 0.12 0.11 0.06 0.00 0.36

Upper 0.50 0.37 0.50 0.23 1.00

Abbreviations: FST = fixation Index; GD = gene diversity; Ho= observed 
heterozygosity; MAF = minor allele frequency; PIC = polymorphic information 
content.

FIGURE 2    |    A scree plot showing the Delta K values for the number 
of clusters determined among 327 sweetpotato genotypes measured us-
ing 30 SNP markers. [Color figure can be viewed at wileyonlinelibrary.
com]

FIGURE 3    |    Population structure of 327 sweetpotato genotypes based on 30 SNP markers. [Color figure can be viewed at wileyonlinelibrary.com]
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et  al.  2024). However, most sweetpotato genotypes in 
Zimbabwe produce sterile flowers due to unfavourable pho-
toperiodicity and altitude. As such, sweetpotato is predomi-
nantly reproduced vegetatively and cloned, which could have 
caused the low level of heterozygosity (Gurmu et al. 2013). Low 
heterozygosity and high inbreeding coefficient (F) values are 
better understood as representing the distinct genetic makeup 
of the sampled germplasm, which was influenced by clonal 
propagation as opposed to intrinsic self-fertilization. Prior re-
search has documented similar trends, attributing low GD in 
sweetpotato collections to vegetative propagation, rather than 
reproductive biology (Roullier et al. 2013; Mabaya et al. 2025). 
These results highlight the difficulty of interpreting diversity 
measurements in clonally generated polyploids, even though 
they would seem unusual for a self-incompatible, outcrossing 
species like sweetpotato.

In contrast, other reports have shown high heterozygosity 
in sweetpotato (Monden and Tahara  2017; Lindqvist-Kreuze 
et al. 2024) Ultimately, the lack of heterozygosity in the study 
genotypes could pose a serious bottleneck for breeding and 
can threaten sweetpotato production should new biotic and 
abiotic stresses emerge. Low levels of heterozygosity are 
often associated with limited genetic variation for resistance 
to emerging biotic or abiotic stresses (Baafi et al. 2016). The 
study showed that the inbreeding coefficient (FIS) varied 
widely and had a high mean value, indicating that the gen-
otypes in the population underwent significant inbreeding. 
The F value estimates the likelihood that two alleles at every 
locus within an organism are descendants of the same parent 
(Wright and Adams  2012). High F values in the study indi-
cated that one parent contributed the most alleles per gen-
otype. This further emphasizes that most genotypes were 

FIGURE 4    |    Neighbour-joining dendrogram showing the clustering of 327 accessions genotyped with SNP markers. C1–C5 = Clusters 1 to 5. 
[Color figure can be viewed at wileyonlinelibrary.com]
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clones or developed from self-pollination, where the same 
parent contributes all the chromosomes to the offspring. This 
is common in sweetpotato, which suffers from a lot of cross-
incompatibility. Ultimately, there are high levels of inbreeding 
(Gurmu et  al.  2013). Due to a lack of diversity within indi-
vidual genotypes, inbreeding could lead to suppressed yield 
potential or unfavourable nutritional content.

Generally, with some exceptions, genotypes were randomly 
allocated to different groups and subgroups. Some closely re-
lated genotypes were grouped into the same cluster or sub-
cluster (cluster 2), confirming the existence of a relationship 
between the pedigree and SNP marker groupings in this study. 
Some of these genotypes appeared to be clustered according 

to the pedigree group (DOF/31, DOF/34, DOF/52, DOF/53, 
DOF/56, DOF/61, DOF/63 and DOF/64), but there were some 
inconsistencies. For instance, Chemugomo, Masvingo 8, 

FIGURE 5    |    Principal coordinate analysis showing variability among sweetpotato accessions from different regions in Zimbabwe based on 30 
SNP markers. [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 3    |    Analysis of molecular variance of sweetpotato 
populations based on 30 SNPs.

Source df SS MS Est. Var. %

Among pops 1 9.391 9.391 0.029 0%

Within pops 324 1951.367 6.023 6.023 100%

Total 325 1960.758 6.052 100%

Abbreviations: % = percentage variation; df = degree of freedom; Est. 
Var = estimated variance; SS = sum of squares.
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Hwedza 2, DOF/37 and Murehwa clustered together in cluster 
5 despite being unrelated by pedigree. Similar findings of gen-
otypes clustering according to their pedigree grouping were 
earlier reported (Dhliwayo et  al.  2009; Semagn et  al.  2012; 
Yang et al. 2017).

Genotypes were not clustered based on geographical lo-
cation, which could be due to the exchange of genetic ma-
terial in geographical regions. Therefore, crossing more 
distant sweetpotato genotypes might create wider genetic 
variation and exploit heterosis during breeding for new vari-
eties (Molin et al. 2013). The molecular variability indicated 
that genetic variation existed only between genotypes within 
populations, and no variation was observed between different 
populations.

This might be attributed to the limited number of markers that 
were used in this study. On the other hand, the exchange of ge-
netic material among the sources means that there is potentially 
no differentiation based on the collection areas. Consequently, 
the observed relationships among genotypes within each sub-
population could be exploited to design an effective sweetpotato 
breeding programme in Zimbabwe.

5   |   Conclusion and Recommendations

The underlying GD and population structure in the sweet-
potato introductions from CIP and local germplasm can po-
tentially be exploited for improving sweetpotato cultivars in 
Zimbabwe and other countries with similar germplasm. The 
SNP markers used in this study were polymorphic and exhib-
ited discriminating capability to diagnose allelic differences 
among the 327 genotypes. The sweetpotato genotypes were 
genetically divergent, providing adequate allelic diversity for 
recombination. Genotypes such as G40 and G9, G142 and G73, 
G114 and G73, I40 and G210 and G18 and G114 were distantly 
related and could be useful parents for recombination and de-
veloping breeding populations.
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