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Abstract: Sweet grain sorghum is exploited in Burkina Faso through the consumption of fresh grains early 
at the doughy stage. To identify, valorise and conserve the genetic diversity of this agricultural resource, 
SNPs markers are essential tools. The aim of the present study is to assess the genetic diversity of sweet 
grain sorghum expressed in a linear DNA sequence, and to identify SNPs. To this effect, 50 sweet grain 
sorghum genotypes were sequenced using DArTseq genotyping platform. The results identified 4610 
polymorphic loci with a major allele frequency ≤ 95%. The SNPs identified are made up of 55.23% 
transitions and 44.77% transversions with an average polymorphism information content of 0.26. The 
expected heterozygosity value He of 0.18 shows moderate genetic diversity in sweet sorghum in Burkina 
Faso. The results of the PCoA and AMOVA analyses revealed that genetic diversity is more closely linked to 
botanical race than to the area of origin of the genotypes. In addition, analysis of the population structure 
identified two homogeneous subpopulations and one admixture subpopulation. Subpopulation 1 contains 
13 genotypes of the Caudatum-Guinea race, sub-population 2 contains 32 genotypes of the Caudatum race 
and the admixture sub-population contains 5 genotypes that could belong to the Guinea-Bicolor race. 
Genetic differentiation index was higher between subpopulation 2 and the admixture subpopulation (Fst = 
0.26) and lower (Fst = 0.13) between subpopulations 1 and 2. The results of this study revealed the first 
SNP linkage map that can be used to identify QTLs for a marker-assisted breeding program in sweet grain 
sorghum. 
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Introduction  
 
Sorghum [Sorghum Bicolor (L.) Moench] is a diploid species (2n = 20) with a genome size of 735 Mbp (Dillon et al., 2005). It is one of the 
most important cereals grown in the world (Chantereau et al., 2013). Indeed, sorghum is mainly produced for livestock feed in developed 
countries such as the USA and France (Nicolas, 2007). However, it is a staple food in several tropical regions of Asia and Africa (Guèye et 
al., 2016). Several production constraints, including drought, striga, insect pests, diseases and low-yielding local cultivars, affect the 
productivity of sorghum. To address these problems, it is important to have knowledge of the genetic variability of a crop for an efficient 
selection process (Nemera et al., 2022).  
In Burkina Faso, sorghum was the leading crop in terms of area sown (≈1,900,000 hectares) and second only to maize in terms of quantity 
of grain produced (≈1,800,000 tonnes) during the 2024-2025 cropping seasons (DGESS/MAAH, 2025). In addition, cultivated sorghum 
contains significant agromorphological variability (Tondé et al., 2023). Depending on the nature of the part most used, there are several 
types of cultivated sorghum, including sweet grain sorghum, which is very little exploited and valorised on a national scale (Sawadogo, 
2015). It is grown by smallholders, particularly in hut fields (Nebié et al., 2012; Sawadogo et al., 2014). This sorghum has several 
advantages, including its short cycle and carbohydrate-rich grains at the dough stage (Nebié et al., 2012; Sawadogo et al., 2017). Sweet 
grain sorghum is therefore harvested before other cereals reach maturity. Panicles harvested at the doughy grain stage are shelled and 
the fresh grains collected are consumed directly by mastication (Sawadogo, 2015). Sweet grain sorghum requires less irrigation and 
rainfall and requires fewer inputs compared to sugarcane (Tondé et al., 2023). In addition to its food role, the sale of panicles generates 
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income for producers and sellers (Sawadogo et al., 2017). The stalks and leaves of this sorghum are also used for livestock feed 
(Tiendrebéogo et al., 2018).  
The various research studies undertaken since 2008 on sweet grain sorghum have revealed genetic diversity using morphological, 
biochemical and molecular microsatellite markers (Sawadogo, 2015; Sawadogo et al., 2017; Tiendrebéogo et al., 2022). SSR microsatellite 
markers, which are multi-allelic and highly polymorphic, have been the most widely used DNA markers in molecular diversity studies 
(Sawadogo et al., 2018; Tiendrebéogo et al., 2022). However, diversity analyses based on genome sequencing offer interesting prospects 
for exploiting the genetic diversity of this species. Indeed, genetic diversity expressed in a linear DNA sequence makes it possible to 
identify differences in the genome at the scale of a single nucleotide (Mamo et al., 2023) and to detect the genes responsible for traits of 
agronomic interest (Lakhanpaul, 2006). This could be possible thanks to the construction of a genetic map based on Single-Nucleotide 
Polymorphism (SNP). The newly developed sequencing technology, Diversity Arrays Technology (DArTseq) has facilitated the large-scale 
discovery of SNPs across the whole genome of little-known species (Kilian et al., 2012). DArT markers are polymorphic DNA segments 
that occur at specific sites in the genome, after complexity reduction, and are detected by hybridisation (Kilian et al., 2012; Cruz et al., 
2013). These markers have been successfully applied in genetic diversity studies, linkage mapping and genome-wide association studies 
for the identification of QTLs in sorghum as well as in several crop species (Jaccoud et al., 2001; Egea et al., 2017; Yahaya et al., 2023). The 
present study, which uses this technology, aims to (i) identify the various point mutations at the nucleotide level in the sweet grain 
sorghum genome and (ii) determine the level and structuring of the genetic diversity of this plant genetic resource in Burkina Faso. 
 
Results  
 
SNPs identified and variation in genetic diversity parameters 
A total of 4610 polymorphic loci were enumerated after quality control of genotyping data. Based on the various nucleotide substitutions, 
the four transition types (A↔G or C↔T) and the eight transversion types (A↔C, A↔T, G↔C, G↔T) were identified. Thus, the nucleotide 
base changes counted were 55.29% transitions versus 44.71% transversions. 
Genetic diversity parameters of the plant material determined from all the polymorphic loci (Table 1) revealed the existence of genetic 
diversity in the plant material studied. The frequency of the most frequent alleles (MAF) of the loci ranged from 0.50 to 0.95, with an 
average of 0.89. Observed heterozygosity (Ho) averaged 0.07, with minimum and maximum values of 0 and 1, respectively. Expected 
heterozygosity (He) recorded a minimum value of 0.08 and a maximum value of 0.5, with an average of 0.18. Polymorphism information 
content (PIC) values ranged from 0.08 for the least polymorphic loci, to 0.38 for the most polymorphic loci, with an average of 0.26. 
Individuals’ fixation index in the total population (FIT) had an average value of 0.75 and varied between -1 and 1.  
 
Genetic diversity by factors agroclimatic zones origin and botanical races 
The various genetic diversity parameters calculated for the agroclimatic zones origin factor (Table 2) revealed an average major allele 
frequency of 0.90 for genotypes from the Sahelian and Southern Sudanian zones and 0.86 for the Northern Sudanian zone. The average 
observed heterozygosity showed the same value of 0.07 for genotypes from the Sahelian and Northern Sudanian zones and 0.05 for the 
Southern Sudanian zone. As for expected heterozygosity (He) and polymorphism information content (PIC), values were highest for the 
Northern Sudanian zone (He = 0.21; PIC = 0.18), followed by the Sahelian agroclimatic zone (He = 0.17; PIC = 0.15) and the Southern 
Sudanian agroclimatic zone (He = 0.15; PIC = 0.13). The values obtained for FIS, which measures the reduction in heterozygosity of 
individuals within each agroclimatic zones, were all positive. This ranged from 0.58, 0.69 to 0.71 for the Sahelian, Northern Sudanian and 
Southern Sudanian zones respectively.  
The various genetic diversity parameters calculated for the different botanical races (Table 2) revealed genetic diversity was higher for 
Caudatum race genotypes (Ho = 0.45; He = 0.46). For the Caudatum-Guinea race, mean observed heterozygosity (Ho) and mean expected 
heterozygosity (He) were 0.21 and 0.35, respectively. The two genotypes of Guinea-Bicolor race (Ho = 0.22; He= 0.28) and the three 
genotypes not assigned to a race (Ho = 0.26; He= 0.31) registered the lowest genetic diversity. As for polymorphism information content 
(PIC), mean values were 0.41 for the Caudatum race, 0.31 for the Caudatum-Guinea race, 0.26 for the Guinea-Bicolor race and 0.32 for the 
unassigned genotypes. All three genetic groups showed a positive fixation index (FIS > 0).  
The genotypes of the Caudatum race and the Caudatum-Guinea race, which are slightly distant (Fst = 0.08), are both very distant from the 
genotypes of the Guinea-Bicolor race (Fst = 0.42; Fst = 0.34) and those of the unassigned race (Fst = 0.32; Fst = 0.26). A moderate distance 
is recorded between the genotypes of the Guinea-Bicolor and unassigned NA race, with a differentiation index of Fst = 0.13. 
 
Principal coordinate analysis of sweet grain sorghum genotypes 
Principal coordinate analysis (PCoA) based on the pairwise genetic distance matrix gives the distribution of genotypes. For the 
agroclimatic zone factor (Fig 1A). The total amount of genetic variation explained by the first two principal coordinates is 46.51%. The 
PCoA shows a mixture of genotypes for all agroclimatic zones. For the botanical race factor (Fig 1B), the total amount of genetic variation 
explained by the first two principal coordinates is 54.36%, i.e. 38.58% for axis 1 and 15.78% for axis 2. PCoA clearly separated Guinea-
Bicolor and NA genotypes. It also showed a high level of overlap between Caudatum and Caudatum-Guinea race genotypes. 
 
Genetic structuring of sweet grain sorghum genotypes 
 
Determining the number of subpopulations in the plant material studied 
Results from the STRUCTURE SELECTOR (Fig 2) show a decreasing curve from K = 2 with a value ΔK = 400, to K = 4 with a value ΔK = 
100. This curve becomes constant from K = 5 with a value ΔK = 0. Analysis of this curve reveals that sweet grain sorghum genotypes can 
be structured between two to four subpopulations. The highest ΔK value is obtained at K = 2, indicating two Subpopulations in the plant 
material studied. 
 
Genotype distribution in subpopulations 
The distribution of genotypes defined by Structure at the highest ΔK with a membership coefficient Q ≥ 80 (Fig 3) reveals two 
subpopulations and one admixture subpopulation. Subpopulation 1 comprises 13 genotypes all belonging to the Caudatum-Guinea 
intermediate race. Subpopulation 2 comprises 32 genotypes, including all 28 genotypes of the main Caudatum race and four genotypes 
(BZI1, KBA1, YOU5, BKO1) of the intermediate Caudatum-Guinea race. The admixture subpopulation contains five genotypes, including  
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                     Table 1. List of genotypes studied. 

    Botanical races 
 
Agroclimatic zones 

Caudatum Caudatum-Guinea 
Guinea-
Bicolor 

NA Total 

Sahelian 

BKO3, GCO5, 
LOU10, LOU2, 
PGO3, PLA1, SBO1, 
YOH2, YOH7, YOU4 

BKO1, BZI1, KBA1, LTI3, 
NBOA1, PBO4, PBO5, 
PLA3, SKA2, SKA3, SPI2, 
YOH1, YOH3, YOH8, YOU5 

YTA4 
SKO2, 
YOH4, 
YOU1 

29 

Northern Sudanian 

BIP4, BKB2, BKB4, 
BTO2, KNO11, 
MBO7, MBO8, 
MDE5, MTC2, 

BKB1, KDO12 KDO7 - 12 

Southern Sudanian 
SBR7, KBZ1, KBZ4, 
STO2, STO4, STO5, 
STO6, SBR1, SBR5 

- - - 09 

Total 28 17 02 03 50 
                    Legend: NA: not assigned to a botanical race. 

 
 

 
Fig. 1. Principal coordinate analysis of sweet grain sorghum genotypes according the agroclimatic zones (A) and botanical races (B). 

 
 

Table 2. Descriptive statistics for genetic diversity indices. 
Parameters of genetic diversity Minimum Maximum Mean P (95%) 
MAF 0.50 0.95 0.89 Oui 
HO 0 1 0.06 Oui 
He 0.09 0.5 0.18 Oui 
PIC 0.08 0.38 0.26 Oui 
FIT -1 1 0.75 Oui 

Legend: MAF: Major allele frequency; Ho: Observed heterozygosity; He: Expected heterozygosity; PIC: Polymorphism Information Content; FIT: Fixation indices of individuals in the 
total population; P: Probability. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Statistic ΔK per number of K subpopulations in the sample. 

 

A B 
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    Table 3. Genetic diversity by factors agroclimatic zones of origin and botanical races. 

         Parameters 
 
Agroclimatic zones 

MAF Ho He PIC FIS 
Fst 

Sahelian 
Northern 
Sudanian 

Southern Sudanian 

Sahelian 0.9 0.07 0.17 0.15 0.58 0   
Northern Sudanian 0.86 0.07 0.21 0.18 0.69 0.001 0  
Southern Sudanian 0.9 0.05 0.15 0.13 0.71 0.037 0.032 0 

 
       Parameters 
 
Botanical 
races 

MAF Ho He PIC FIS 

Fst 

Caudatum 
Caudatum-
Guinea 

Guinea-
Bicolor 

NA 

Caudatum 0.66 0.45 0.46 0.41 0.78 0    
Caudatum-Guinea 0.74 0.21 0.35 0.31 0.67 0.08 0   
Guinea-Bicolor 0.48 0.22 0.28 0.26 0.32 0.42 0.34 0  
NA 0.56 0.26 0.31 0.32 0.42 0.32 0.26 0.13 0 

 
Legend : MAF : Major allele frequency , He : observed heterozygoty, He : Expected heterozygosity, PIC : Polymorphism Information Content , FIS : fixation index of individuals, FSt : 
genetic differentiation index, NA: not assigned to a botanical race 

 

 
Fig. 3. Structure of the 50 sweet grain sorghum genotypes determined at K = 2. Legend: X: genotypes; Q: sub-population membership 
threshold; SP1: subpopulation 1; SP2: subpopulation 2; PA: admixture subpopulation 
 
 
             Table 4. Variation of genetic diversity parameters of structure groups and AMOVA. 

Genetic diversity parameters 
Subpopulations 

MAF Ho He PIC FIS 
Fst 
SP1 SP2 PA 

SP1 0.74 0.21 0.35 0.31 0.67 0   
SP2 0.82 0.41 0.48 0.51 0.53 0.13 0  
PA 0.58 0.36 0.38 0.32 0.42 0.12 0.26 0 
AMOVA 
Source of variation Df SQ MS VC PV% P. value 
Among agroclimatic zones 2 8.51 4.26 0.001 0.07 0.522ns 
Among botanical races 3 49.35 24.67 1.4 17 0.0012* 
Among subpopulations 2 48.25 26.72 1.319 16 0.0022* 

Legend: SP1: subpopulation 1; SP2: subpopulation 2; PA: admixture subpopulation MAF: major allele frequency; Ho: observed heterozygosity; He: expected heterozygosity; PIC: 
Polymorphism Information Content; FIS: fixation index of individuals in subpopulations, Fst : Genetic differentiation index, Df : degrees of freedom; SQ, sum squares; MS: Mean squares 
VC: variance components; PV: Proportion of Variance; *p = 0.001; ns: not significant. 

 
 
two from the Guinea-Bicolor races (YTA4; KDO7) and three genotypes (SKO2; YOH4; YOU1) from race not assigned based on 
morphological criteria. 
 
Variation in genetic diversity parameters of structure groups and analyses of molecular variance (AMOVA) 
The various genetic diversity parameters calculated for the structure groups are shown in Table 3. For subpopulation 1, mean observed 
heterozygosity (Ho) and mean expected heterozygosity (He) were 0.21 and 0.35, respectively. Genetic diversity is higher for 
subpopulation 2 (Ho = 0.41; He = 0.48) and average for the admixture subpopulation (Ho = 0.36; He= 0.38). As for polymorphism 
information content (PIC), mean values were 0.31 for subpopulation 1, 0.51 for subpopulation 2 and 0.32 for the admixture 
subpopulation. All three subpopulations showed positive fixation indexes (FIS > 0) with values of 0.67, 0.53 and 0.42, respectively.  
Genetic differentiation index calculated using the subpopulation factor (Table 4) showed important differentiation between genotypes 
from subpopulation 2 and the admixture subpopulation (Fst = 0.26). It was average between subpopulation 1 and subpopulation 2 
genotypes (Fst = 0.13) and between subpopulation 1 and the admixture subpopulation recorded (Fst = 0.12). 
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The results of the analyses of molecular variance (AMOVA) showed the contribution of the “botanical race” and “subpopulation” factors 
in the expression of the molecular variability of plant material (Table 3). The “agroclimatic zone” factor plays a very small role in the 
expression of variability, with an estimated variance of 0.001 and a contribution to the total variance distribution of 0.072%. Most of the 
variation is found between botanical races (17%) or between sub-populations (16%) in the expression of total variability. The proportion 
of variance between botanical races and between subpopulations in the expression of total variability is significant (p-value < 0.05). 
 
Discussion 
 
Knowledge of the genetic diversity of cultivated species is a prerequisite for the design of effective breeding and enhancement programs 
(Santoni et al., 2000). The large number of polymorphic loci obtained in this study indicates variability in the genetic profile of sweet 
grain sorghum due to point mutations. Indeed, nucleotide substitutions create allelic variations at the same locus, resulting in a difference 
in the genome of individuals of the same species (Yang et al., 2020). The high percentage of transitions shows that point mutations are 
more important between purine bases or between pyrimidine bases than between purine and pyrimidine bases. This result could be 
explained by the different conformations of purine and pyrimidine nuclei. Substitutions between bases on the same nucleus would be 
easier than between bases on different nuclei. The results of various studies (Vignal et al., 2002) have also found a mutational bias in the 
favour of transitions. The average polymorphism information content (PIC) value of 0.26 reflects the markers' ability to discriminate 
between the plant material studied. According to Serrote et al. (2020), PIC is high when its values are between 0.25 and 0.40. However, a 
molecular evaluation of 120 sweet grain sorghum genotypes found an average PIC value of 0.87 (Sawadogo, 2015). This difference could 
be explained by the bi-allelic nature of DArT markers, for which the maximum PIC value is 0.5, compared with multi-allelic SSR markers, 
which have a maximum PIC value of 0.9 (Botstein et al., 1980). Mean value for expected heterozygosity (He = 0.18) calculated with all loci 
revealed moderate genetic diversity in the plant material studied. Previous work (Sawadogo, 2015; Tiendrebéogo et al., 2022) found 
moderate genetic diversity within the collection of sweet grain sorghum genotypes using microsatellite markers. This moderate genetic 
diversity could be attributed to the selection of desirable traits within the species cultivated by farmers, or to the extent of the collection 
area. In fact, many authors (Nebié et al., 2012; Sawadogo et al., 2017) have reported that this type of sorghum is endemic to Burkina Faso, 
where it is grown because of the sweet taste of the grains at the doughy stage. Furthermore, the average observed heterozygosity is lower 
than the average expected heterozygosity (Ho < He), i.e. an average fixation index FIT > 0 shows that there are more homozygotes than 
heterozygotes in the plant material studied. This result could be explained by the mode of reproduction. Sorghum is a monoecious species, 
preferentially autogamous (Doggett, 1988); due to the minimum FIT values < 0. The results of the differentiation parameter and PCoA 
reveal overall mixing of genotypes between agroclimatic zones and proximity of genotypes between botanical races. This result shows 
that the same genotypes are grown in all three agroclimatic zones. This could be attributed to seed management methods used by 
growers, such as exchanges or introductions through migratory flows. Thus, the same genotypes can be found in several growing areas 
in different agroclimatic zones. Preview study has shown that populations take their seeds with them when they migrate and introduce 
them into host localities (Ouedraogo et al., 2024). This result also indicates that the definition of races is a criterion for classifying 
sorghum. Indeed, cultivated sorghum has been structured into four main races and eight intermediate races (Harlan and De Wet, 1972) 
based on panicle type, grain shape and rotation, and the extent of grain coverage by glumes at maturity. The results of the structuring of 
genetic diversity into two subpopulations are close to the structure into three races, Caudatum and Caudatum-Guinea and Guinea-Bicolor 
defined based on phenotypic observations by preview author (Sawadogo, 2015). The structuring of molecular and morphological 
diversity in good agreement confirms that the visible expression of a trait can be under the control of genes. The unassigned race 
genotypes YOH4 and YOU1, which belong to the admixture subpopulation defined by structure, could be attributed to the multi-lineage 
character of sorghum or to possible mixtures in the populations; hence the difficulty of phenotypic description. However, the genotypes 
BZI1, KBA1, YOU5 and BKO1 of the Caudatum-Guinea race according to morphological data (Sawadogo, 2015) were distributed in 
subpopulation 2 with the genotypes of the Caudatum race could belong to this race. The distribution of this genotype in subpopulation 2 
could be attributed to designation errors during phenotypic observations or to an environmental influence on the phenotype. 
Morphological markers, which offer direct phenotypic observation, have the limitation of being influenced by environmental factors 
(Andersen, 2013). Consequently, molecular tests have been developed to complement conventional selection approaches. Molecular tools 
remain the most appropriate for assessing genetic diversity, as they are less influenced by environmental variations (Santoni et al., 2000). 
The higher genetic diversity in subpopulation 2 may be due to the high number of genotypes in this population, or to the botanical type. 
Subpopulation 2 contains 32 genotypes belonging to the Caudatum race. Furthermore, the analysis of molecular variance in this study, 
which indicated significant genetic variation between botanical races (17%), could be attributed to the species' preferentially autogamous 
mode of reproduction. The greater genetic distance between subpopulation 2 and the admixture subpopulation could be mainly due to 
the botanical race. Indeed, the genotypes of subpopulation 2 are of the Caudatum race and those of the admixture subpopulation are of 
the Guinea-Bicolor race. The low genetic differentiation index recorded between subpopulations 1 and 2 could be explained by their racial 
composition. In fact, these two subpopulations are made up, respectively, of genotypes from the Caudatum-Guinea and Caudatum race, 
and; therefore, have a closer genetic make-up. This result could confirm the possibility of hybridisation between the Guinea and Caudatum 
genotypes that gave rise to the Caudatum-Guinea intermediate race. Inter-racial crossing could; therefore, be the best way to recombine 
favourable traits (Trouche et al., 1999) in sweet grain sorghum breeding. 
 
Materials and Methods 
 
Plant material  
The plant material studied consists of 50 sweet grain sorghum genotypes. These genotypes were obtained from the gene bank of the Plant 
Genetics and Improvement team of the Biosciences Laboratory of the Joseph KI-ZERBO University (Burkina Faso). The genotypes used in 
this study (Table 1) collected from three agroclimatic zones, namely Sahelian, northern Sudanian and southern Sudanian. They belong to 
the main Caudatum race and two intermediate races, Caudatum-Guinea and Guinea-Bicolor. However, three genotypes (SKO2, YOH4 and 
YOU1), could not be assigned to a race on the basis of morphological traits (Sawadogo, 2015). 
 
Molecular markers used 
Single-nucleotide polymorphism (SNP) markers were used for this study. These markers were generated following sequencing of the 
sweet grain sorghum genome carried out at the SEQART AFRICA laboratory of the International Livestock Research Institute (ILRI) in 
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Nairobi, Kenya. The SEQART AFRICA laboratory uses DArTseqTM genotyping-by-sequencing (GBS) technology, which enables rapid, 
high-quality and affordable genome profiling, even from the most complex polyploid genomes. 
 
Sequencing methodology 
Leaf discs were first collected from two-week-old plants of the different genotypes, then dried in an oven at 70 C for 72 h. Dried leaf discs 
were then stored in convenient sample collection kits consisting of a storage rack and 96-well tubes. The kits were shipped to the SEQART 
AFRICA laboratory for genotyping. In the laboratory, DNA extraction was first carried out from these leaf discs using the Nucleomag plant 
DNA extraction kit. The genomic DNA extracted was between 50 and 100 ng/μL. DNA quality and quantity were checked on 0.8% agarose. 
Libraries were then constructed using the DArTSeq complexity reduction method (Kilian et al., 2012) by digesting genomic DNA with a 
combination of PstI and HPaII enzymes and ligating barcoded and common adapters, followed by PCR amplification of the adapter-ligated 
fragments. Libraries were sequenced using single-read sequencing cycles for 77 bases. Next-generation sequencing was performed using 
Hiseq2500. Finally, DArTseq marker evaluation was performed using DArTsoft14, an in-house algorithm-based marker evaluation 
pipeline. Two types of DArTseq markers were scored, SilicoDArT markers and SNP markers, both of which were scored binary for the 
presence/absence (1 and 0, respectively) of the restriction fragment with the marker sequence in the genomic representation of the 
sample. SilicoDArT markers and SNP markers were aligned on Sorghum_v21, to identify chromosomal positions 
 
Data analysis 
 
Data quality control and characterisation of mutation types  
The raw sequencing data were filtered based on the amount of missing data and the frequency of occurrence of the major allele (MAF) 
for each locus (Reed et al., 2015). First, all markers with unidentified chromosomes were discarded. Next, loci with more than 20% 
missing data were removed. Finally, all loci whose most frequent allele (MAF) has a frequency > 0.95 were also discarded (Chattopadhyay 
et al., 2014; Linck and Battey, 2019). The number and frequency of mutation types were then determined from the filtered data. 
Sequencing data filtration and mutation type characterisation were performed using Excel 2019 spreadsheet and Tassel 5.0 software 
(Bradbury et al., 2007). 
 
Estimates of genetic diversity  
Genetic diversity was estimated at both intrapopulation and interpopulation levels (Botstein et al., 1980) using Power Marker 3.25 
software (Liu and Muse, 2005).  

- Observed heterozygosity (Ho), which represents the proportion of individuals heterozygous at a given k locus. 𝐻𝑜 = 1 − ∑ ⬚𝑘
𝑖 𝑛𝐴𝑖𝐴𝑖/𝑁 

nAiAi is the number of individuals with the AiAi genotype (Homozygotes), N is the total number of individuals 
- Expected heterozygosity (He) or Nei's gene diversity, which is the proportion of heterozygous loci for a given population under Hardy-
Weinberg equilibrium conditions. 

𝐻𝑒 = 1 −
1

𝑚
∑ ⬚

𝑚

𝑖=1

∑ ⬚

𝑛

𝑖=1

𝑓𝑖2 

fi is the frequency of allele i, m is the total number of loci and n is the total number of alleles. 
- Polymorphism Information Content (PIC), which is the marker's ability to establish polymorphism in the plant material studied, based 
on the number and frequency of distribution of the alleles identified. Hence, 

𝑃𝐼𝐶 = 1 − ∑ ⬚

𝑛

𝑖=1

𝑝𝑖2 − ∑ ⬚

𝑛

𝑘=1

∑ ⬚

𝑛

𝑗=𝑖+1

2𝑝𝑖2𝑝𝑗2 

 
n = number of alleles; pi = frequency of the ith allele; pj = frequency of the jth allele 
- Individual fixation index in the total population (FIT) or in subpopulations (FIS). They measure the deviation from panmixy or the overall 
deficit in heterozygotes respectively at the overall population level and for subpopulations, i.e. 

𝐹𝐼𝑇 = 1 −
𝐻𝑜

𝐻𝑇
 ; 𝐹𝐼𝑆 = 1 −

𝐻𝑜

𝐻𝑆
 

HT: the expected proportion of heterozygotes in the total population; Hs: the expected proportion of heterozygotes in the subpopulations. 
- Wright's fixation index (Fst), measures the heterozygote deficit due to differentiation between subpopulations. 

𝐹𝑠𝑡 = 1 −
𝐻𝑠

𝐻𝑡
 

Hs = intra-population genetic diversity; Ht = total genetic diversity, where Ht = Hs + Dst and Dst = inter-population genetic diversity. 
- Principal Coordinates Analysis (PCoA), a method that uses distances was permitted to analyse and visualise using two-dimension PCA 
plot, population relationships for these factors. Analysis of molecular variance (AMOVA) was finally used to estimate the proportion of 
genetic variation for all levels of population structure. PCoA and AMOVA were determined using GenAlex 6.5 software (Peakall and 
Smouse, 2012). 
 
Population structure analysis 
Genetic structure of the studied genotypes was analysed according to Bayesian-based approach using the software STRUCTURE version 
2.3.4 (Pritchard et al., 2000). This involved generating the number of subpopulations K, that best describes the organisation of genetic 
diversity within the plant material studied. The program was run with a burn-in period of 100,000 iterations, further run length of 
200,000 Markov Chain Monte Carlo steps, testing population subdivision from K = 1 to 10 under the admixture and correlated allele 
frequencies model, without prior information on sampling locations (Thapa et al., 2021). The 100 independent simulations were 
performed for each K to identify the optimal K value based on the methods of the maximum likelihood L(K) (Pritchard et al., 2000) and 
the ad hoc quantity (ΔK) approaches (Evanno et al., 2005) implemented in the software STRUCTURE Selector (Li and Liu, 2018). This 
method uses an ad hoc statistic ΔK, which considers the rate of change in the log probability of data between successive K values. Results 
from STRUCTURE are presented in histogram form, where the different bars correspond to the size of the genomic fraction (Q) of the 
genotypes. Each of the 50 genotypes was attributed to a given subpopulation when the proportion of its genome Q ≥ 0.80 or a 
subpopulation admixture (Q < 0.80). 
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Conclusion 
 
The molecular markers have become essential tools for identifying genetic diversity of agricultural species. The results of sequencing 
using the new DArTseq genotyping technology have identified 4610 polymorphic loci induced by point mutations. The diversity estimated 
for all loci revealed moderate genetic diversity (He = 0.18), an excess of homozygotes (FIT > 0).  In addition, analysis of the organization 
of genetic diversity enabled us to structure the plant material into two subpopulations and one admixture subpopulation, depending on 
the three botanical races defined based on morphological criteria. The subpopulation 2 subpopulation, which contains 32 genotypes 
belonging to the Caudatum race highest genetic diversity (He = 0.48). In addition, the genetic distance was lowest (Fst = 0.13) between 
subpopulation 2 and subpopulation 1, made up of genotypes belonging to the Caudatum-Guinea race. The highest differentiation index 
(Fst = 0.26) was obtained between subpopulation 2 and the admixture subpopulation, which contain genotypes of the Guinea-Bicolor 
race. The results of this study offer possibilities for studying the genetic determinism of quantitative traits of agronomic interest. 
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