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 The present study aimed at measuring the genetic diversity of a set of 219 sorghum accessions differing in their grain colour.

 About 219 diverse sorghum lines differing in their grain colour were obtained from National Bureau of Plant Genetics Resources 
(NBPGR), New Delhi and genotyped using 17 SSR markers. Polymorphism information content (PIC) and allele frequency were determined using 
PowerMarker V3.25. Clustering and factorial analysis were performed using DARwin 6.0. GenAlex version 6.5 was used to perform Principal 
Coordinates Analysis (PCoA) and AMOVA. Diversity analysis was performed by using Darwin. 

 Genotyping of 219 sorghum accessions using 17 SSR markers produced a total of 399 alleles with an average PIC value of 0.85 and gene 
diversity of 0.87. Highest allele frequency was observed for the marker, Xtxp 265 whereas highest major allele frequency was observed in 196 
accessions for the marker, Xtxp 278. Diversity analysis divided the 219 accessions into three clusters (1, 2 and 3) and genotypes belonging to same 
geographical origin were found to be clustered together.

 SSR marker based genetic diversity analysis grouped 219 sorghum accessions into three clusters. Grouping and clustering of 
accessions was mostly based on the geographical origins with some exceptions which may be due to cross hybridisation of accessions between 
countries paving a way for cross gene flow.

 Factorial analysis, Genetic diversity, PCoA, Sorghum 
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Introduction

Sorghum (Sorghum bicolor (L.) Moench) is the fifth most 
important cereal crop worldwide after rice, wheat, maize and 
barley in terms of area and production (Arriola, 2005). It is rich in 
carbohydrates, protein, vitamins and minerals and serves as a 
main source of energy in Africa and South Asia (Duodu et al., 
2003). It also serves as an important source of fodder and biofuel 
(Doggett, 1988). The genus Sorghum includes five subgenus or 
sections: Eu-Sorghum, Chaetosorghum, Heterosorghum, Para-
Sorghum and Stiposorghum (Garber, 1950). Eu-Sorghum 
contains all cultivated sorghum races including S. bicolor subsp. 
bicolor (2n = 2x = 20 chromosomes) and its wild relatives (De Wet 
and Harlan, 1971; Doggett, 1988). Globally, sorghum is cultivated 
in about 105 countries with an area of 42.14 Mha and production 
of around 54.34 MT (Rakshit et al., 2014). Africa contributes to 
half of the global sorghum production (50.2%) followed by the 
Americas (32.4%) and Asia (13.4%) (FAOSTAT, 2018). Sorghum 
is highly adapted to marginal environments such as drought, 
salinity, water logging and heat stresses and hence, it remains as 
crop of choice to the rainfed farmers (ICR ISAT, 1996).

Recent advancements in food technology has made 
sorghum as one of the major ingredient in food industries. 
Sorghum contains rich amount of genetic diversity for diverse 
applications as food, fodder and also as a functional food. 
However, utilization of these conserved diversified germplasm in 
crop improvement is very limited due to lack of information on the 
genetic diversity and genetic basis of traits of nutritional 
importance. Large collection of sorghum germplasm is stored in 
international gene banks and only a selective set of germplasm 
are being exploited resulting in bringing narrow genetic diversity 
(Upadhyaya et al., 2009). Salih et al. (2016) studied the pattern of 
genetic diversity among sorghum accessions from East and 
Central Africa using 39 micro satellites markers which revealed 
the existence of high level of genetic diversity from the East 
African germplasm and suggested that these germplasm should 
be preserved from genetic erosion. Simple sequence repeat 
(SSR) markers are commonly used for assessing genetic 
diversity due to high level of polymorphism (Rai et al., 1999). In 
another study, Murray et al. (2009) utilized the genetic diversity 
among 125 sweet sorghum accessions and performed marker 
trait association of brix content and plant height using 47 SSR and 
322 SNP markers. Recently, Zhu et al. (2020) performed the 
genetic diversity analysis of 140 sorghum accessions using 45 
SSR markers and panicle traits and suggested that the 
broomcorn type sorghums possessed high variability in 
geographical origins.

Besides the agronomic advantages, sorghum is a rich 
source of nutrition and the grains are composed of carbohydrates 

-1 -1(72.1 g 100 g ), water (10.6 g 100 g ), proteins (6.7 g), fibres and 
lipids (3.5 g) (USDA, 2019). Due to its nutritional facts, sorghum is 
highly preferred to combat malnutrition in sorghum growing 

developing countries as a means of low cost and sustainable 
option. Several studies have reported bio fortification of sorghum, 
especially for zinc, iron and carotenoid content (Che et al., 2016; 
Cruet Burgos et al., 2020; Kumar et al., 2013). The objective of the 
current study was to assess the genetic diversity of about 219 
sorghum accessions differing in their grain colour using a set of 17 
SSR markers. This diversity study will pave way to understand the 
genetic architecture of seed colour in sorghum and assist the 
development of a core collection which can be used as a potential 
genetic resource for association mapping of major grain 
nutritional/therapeutic properties in coming years.

Materials and Methods

Plant materials: A set of 219 diverse sorghum accessions 
originating from 15 different countries were procured from 
National Bureau of Plant Genetics Resources (NBPGR), New 
Delhi through Indian Institute of Millet Research (IIMR), 
Hyderabad, India. All the accessions were raised at Agricultural 
Research Station, Kovilpatti, Tamil Nadu, India. 

Genotyping using SSR markers: Genomic DNA was extracted 
from the leaves of 30-day-old plants using CTAB method (Murray 
and Thompson, 1980). A total of 17 SSR markers were used for 
genotyping all the 219 accessions. PCR analysis of all the 17 SSR 
markers was set in a 10 µl reaction consisting of 50ng of template 
DNA, 0.5 pico moles of forward primer and reverse primer, 0.4mM 
dNTPs, 4mM of MgCl , 150 mM of Tris HCl and 0.05 U Taq 2

polymerase. PCR amplification was performed using BIORAD 
TMC1000 Touch  Thermal cycler using the following PCR profile: 

denaturation at 94°C for 5 min followed by 37 cycles of 94°C for 
30 seconds, annealing at 55°C for 30 seconds and extension at 
72°C for 30 sec; with a final extension of 72°C for 10 min. PCR 
products were resolved using QIAxcel Advanced, capillary 
electrophoresis (M/s. QIAGEN Inc., Germany) and allele sizes 
were measured precisely. 

Measuring genetic diversity using genotyping data: Allelic 
diversity of 17 SSR markers among the 219 accessions was used 
for the statistical analysis. Polymorphism information content 
(PIC), major allele frequency, total allele count, allele frequency, 
heterozygosity, genetic diversity and genotype frequency were 
determined using Power Marker V3.25 (Liu and Muse (2005)). 
Clustering and factorial analysis was performed using Neighbour 
Joining method in DARwin version 6.0 (Perrier and Jacquemoud-
Collet, 2006). GenAlex version 6.5 was used to perform Principal 
Coordinates Analysis (PCoA) and to find genetic distance 
between accessions (Peakall and Smouse, 2012). Analysis of 
Molecular Variance (AMOVA), Nei’s unbiased genetic distance 
and other diversity parameters including number of different (Na) 
and effective alleles (Ne), Shannon’s Information Index (I), 
Observed Heterozygosity (Ho), Expected Heterozygosity (He), 
unbiased Expected Heterozygosity (uHe) were calculated using 
GenAlex by grouping the accessions based on their geographical 
origins.
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Results and Discussion

Genotyping of 219 accessions using 17 SSR markers 
produced a total of 399 alleles. Average number of allele was 23 
with an average PIC value of 0.8544 and average heterozygosity 
of 0.0643. Marker Xtxp 265 showed the highest PIC value of 
0.9804 with the maximum number of different alleles (95), 
heterozygosity of 1 and highest gene diversity of 0.98 (Fig. 1). 
Highest allele frequency was observed for the marker, Xtxp, 265 
whereas the highest major allele frequency was observed for the 
marker Xtxp 278 that has generated an allele which was ~ 234 bp 
and it was present in 196 accessions. Marker Xtxp 278 showed 
the lowest PIC value of 0.6911 with the minimum allele number of 
7 and with least genetic diversity of 0.7239 (Table 1).

Exploitation of a germplasm collection can be efficiently 
achieved by understanding its population structure, diversity and 
phylogenetic relations (Basak et al., 2019). During  the past, SSR 
markers have been proved to be an efficient tool for diversity 
analysis (Jarne and Lagoda, 1996). Zhu et al. (2020) and Tirfessa 
et al. (2020) observed a mean PIC value of 0.6 and 0.45 which 
were comparatively low than this present study (0.85). SSR 
markers used in this study showed high level of polymorphism in 
view of allele per locus, gene diversity and PIC value as reported 
earlier (Adunga, 2014; Ngugi and Onyango, 2012; Tirfessa et al., 
2020; Zhu et al., 2020). This indicated the existence of greater 
genetic variation among the sorghum accessions from different 
geographical origin used in the current study.   

Neighbour joining analysis using DARwin grouped the 
accessions into 3 major clusters (C1, C2, and C3) as mentioned in 
Fig. 2. Cluster C1 contained 105 accessions which were from 
Ethiopia (50), Cameroon (15), Zimbabwe (10), USA (9), Sudan 
(5), Chad (3), Nigeria (3), Kenya (2), South Africa (2), Swaziland 
(2), Japan (1), Senegal (1) and Uganda (1). Cluster C2 contained 
93 accessions which were from Nigeria (26), Sudan (16), Kenya 
(14), South Africa (11), Uganda (9), USA (6), Chad (5), Cameroon 
(1), Israel (1), Japan (1), Tanzania (1) and Zimbabwe (1). A total of 
21 accessions from Cameroon were clustered in Cluster C3 (Fig. 
3). Cluster analysis revealed that most of the accessions were 
clustered and grouped based on their geographical origin. For 
instance, majority of accessions from Cameroon were clustered 
in C3, accessions from Ethiopia were mostly clustered in C1 and 
accessions from Kenya, Nigeria, Sudan and South Africa were 
clustered in C2. Such geographical based clustering of 
genotypes were also reported in other crops, Liu et al. (2003) 
observed clustering of maize accessions and (Kwak and Gepts. 
(2009) observed clustering of common bean accessions based 
on geographical origin. 

The results obtained from PCoA were similar to the 
results of DARwin analysis. These results were used to interpret 
the phylogenetic relationship among accessions in a scatter plot 
format. Axis 1 and Axis 2 from PCoA showed a total molecular 
variance of 5.25% and 3.34%, respectively. The genetic distance 
between accessions was high ranging from 42% to 67%. The 

Fig. 1 : Number of alleles produced by 17 SSR markers among 219 sorghum accessions.
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genetic distance between accessions of different cluster was high 
when compared to the genetic distance between the accessions 

of same cluster. About 222 combinations between accessions 
had the maximum genetic distance (67%) in which most of the 
combinations were between accessions of different cluster.

Sorghum diversification between regions might have 
started through selection, inter-specific and inter-varietal 
hybridization at specific locations according to the human need 
and to adapt to the ecological conditions (Deu et al., 2010). Nei’s 
genetic distance was used to interpret the degree of 
differentiation among  the population (Nei, 1986). The results of 
the present study indicated high genetic variation between 
accessions belonging to different geographical regions (Ngugi 
and Onyango, 2012). North-east Africa (Sudan-Ethiopia) is 
considered to be the origin of the genus Sorghum and considered 
to have high genetic variation. Mundia et al. (2019) showed a 
significant diversity between accessions of Sudan and Ethiopia 
(0.841). The results from this study also showed high genetic 
variation between accessions from Southern Africa (South Africa-
Swaziland) and Northern Africa (Sudan-Ethiopia).

For the analyses of AMOVA and other genetic diversity 
parameters, accessions were grouped into 14 groups based on 
their geographical origins. AMOVA resulted in 10% variance 
among different origins, 83% variance among individuals and 

Fig. 2 : Diversity analysis of 219 sorghum accessions using DARwin: 
Clustering by Neighbour joining method.

Fig. 3 : Clustering of 219 sorghum accessions based on DARwin analysis: Bar chart showing accessions from different origin assigned in different 
clusters.
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7% within individuals. Genetic diversity analysis of 14 groups 
indicated the highest genetic diversity among the accessions 
from Cameroon based on Shannon’s Information Index (Table 
2). Nei’s unbiased genetic distance between different 
geographical origins was performed which indicated that 
accessions from Swaziland and Sudan were highly diversified 
from this population and it also indicated that accessions from 
Swaziland were highly diversified compared to other 
geographical origins (Table 3).

Sorghum harbours greater genetic diversity for plant 
type, grain type, stress tolerance, nutritional content and biofuel 

yield which forms the basis for crop improvement program. 
Systematic characterization of global genetic diversity will help in 
identifying donors for various target traits but at the cost of huge 
amount of resources (Blakeney, 2002). To date, no systematic 
efforts have been made for assessing the sorghum genetic 
diversity for their nutritional content and level of phytochemicals. 
A systematic attempt was made in this study to assemble about 
219 sorghum accessions of diverse origin differing widely in their 
grain colour. 

AMOVA resulted in 10% molecular variance between 

Table 1: Details of allelic variation generated by 17 SSR markers

Markers Major (or) maximum No. of alleles Gene diversity Heterozygosity PIC
allele frequency

mSbCIR286 0.29 18 0.78 0.00 0.75
Sb6-84 0.34 14 0.82 0.01 0.80
mSbCIR238 0.22 19 0.89 0.01 0.88
Xcup14 0.28 17 0.87 0.00 0.86
Xtxp114 0.21 15 0.88 0.00 0.87
Xtxp12 0.18 20 0.91 0.05 0.91
Xtxp21 0.33 12 0.80 0.00 0.78
Xtxp15 0.17 15 0.89 0.01 0.88
mSbCIR329 0.44 15 0.76 0.00 0.74
Xtxp145 0.12 27 0.94 0.00 0.93
Xtxp265 0.06 95 0.98 1.00 0.98
SbAGB02 0.22 17 0.88 0.00 0.87
Xtxp278 0.45 7 0.72 0.00 0.69
Xtxp273 0.10 48 0.96 0.00 0.95
Xtxp321 0.30 13 0.83 0.00 0.81
Sb5-206 0.11 29 0.95 0.00 0.94
Xtxp10 0.17 18 0.90 0.00 0.89
Mean 0.24 23.47 0.87 0.06 0.85

Table 2 : Genetic diversity parameters of Sorghum accessions based on geographical origin

Origins N Na Ne I Ho He uHe

Sudan 20.471 6.059 3.942 1.420 0.059 0.663 0.680
Nigeria 28.529 7.824 4.993 1.646 0.063 0.720 0.733
Japan 2.000 1.765 1.745 0.510 0.059 0.360 0.480
Chad 7.706 4.059 3.351 1.171 0.059 0.615 0.657
Uganda 9.412 5.059 4.049 1.363 0.059 0.670 0.708
Kenya 15.412 6.000 4.018 1.450 0.078 0.680 0.704
Zimbabwe 10.882 5.941 4.715 1.604 0.059 0.765 0.802
South Africa 12.941 5.824 4.161 1.509 0.059 0.725 0.754
USA 14.882 6.118 4.258 1.550 0.078 0.733 0.758
Ethiopia 48.824 11.176 7.108 2.017 0.067 0.814 0.822
Swaziland 2.000 1.882 1.882 0.571 0.059 0.397 0.529
Cameroon 35.941 11.294 7.685 2.153 0.060 0.853 0.865
Unknown 1.765 1.529 1.529 0.367 0.059 0.265 0.373
Others 2.941 2.471 2.388 0.796 0.059 0.497 0.600

N = No. of Alleles; Na = No. of Different Alleles; Ne = No. of Effective Alleles; I = Shannon’s Information Index; Ho = Observed Heterozygosity, He = 
Expected Heterozygosity; uHe = Unbiased Expected Heterozygosity
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sorghum accessions of different origins which were less 
compared to 83% molecular variance among individuals. Such 
increased variance among individuals compared to geographical 
variance is often common in cross pollinated crops like sorghum 
(Gaudeul et al., 2000; Nybom and Bartish, 2000; Nybom, 2004; 
Wu et al., 2020). The observed heterozygosity (Ho) was 
comparatively low in this study due to its pollination type and its 
inbreeding nature (Muraya et al., 2010; Nei et al. 1975). Other 
genetic diversity parameters observed in this study were 
comparatively higher than the study of Ng’uni et al. (2012). PCoA 
grouped the accessions similar to that of clustering analysis using 
DARWin. Grouping and clustering of accessions was mostly 
based on the geographical origins with some exceptions which 
may be due to cross hybridisation of accessions between 
countries paving a way for cross gene flow. Further, core 
collection development will serve as representative diversity 
panel for the global diversity for molecular genetic studies.
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