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SUMMARY 

 

Genetic diversity is a key driver of crop improvement and resilience against environmental stresses. 

This study aimed to evaluate genetic diversity and develop DNA fingerprints of 13 sorghum (S. bicolor 

L.) genotypes using highly polymorphic simple sequence repeat (SSR) markers. SSR markers used 

totaled 50 to amplify genomic regions, with genetic relationships analyzed using unweighted pair 

group method with arithmetic mean (UPGMA) clustering, principal coordinate analysis (PCoA), and 

heatmap visualization based on binary allele scoring. The markers exhibited high informativeness, 

with PIC (polymorphism information content) values ranging from 0.49 to 0.94, and classifying the 

majority as highly informative (PIC ≥ 0.80), effectively discriminating among the genotypes. 

Multivariate analysis consistently revealed three major genetic clusters, highlighting both closely 

related and highly divergent genotypes. These findings underscore the presence of genetically distinct 

lines, representing valuable resources for broadening the genetic base in sorghum breeding. Overall, 

the study demonstrates that SSR-based DNA fingerprinting is a reliable, cost-effective, and efficient 

tool for molecular characterization, diversity assessment, and strategic parent selection. Such 

approaches are essential for optimizing sorghum breeding programs and enhancing crop resilience 

under changing environmental conditions. 
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Key findings: Highly informative SSR markers, including XTXP-294, XTXP-210, and XTXP-218, 

effectively distinguished the sorghum (S. bicolor L.) genotypes, forming three major clusters that 

reveal patterns of genetic divergence. Several genotypes, AK-113, CMS-7B, and F-01-2017, were 

highly divergent, indicating their potential for introducing novel alleles. 
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INTRODUCTION 

 

Sorghum (Sorghum bicolor [L.] Moench), a 

climate-resistant crop, is a lifeline for small 

farmers in Pakistan’s arid regions, where 

droughts and heatwaves reduce yields of staple 

crops like wheat and maize. Despite its natural 

drought tolerance, sorghum’s productivity 

remains constrained due to limited genetic 

diversity in commercial varieties. With its C4 

photosynthetic pathway and drought tolerance, 

sorghum serves as a vital genetic resource for 

breeding climate-resilient cultivars to enhance 

food security in challenging environments. 

Exploiting the abundant genetic variation 

within sorghum germplasm collections and 

their wild relatives is crucial for developing 

improved cultivars that are adapted to both 

biotic and abiotic stresses (Hao et al., 2021). 

In overcoming this gap, genetic 

diversity serves as the foundation for 

developing improved crop varieties, enabling 

breeders to combine desirable traits, uncover 

valuable alleles, and conserve key agronomic 

characteristics. Among molecular tools, SSR 

markers have become crucial for DNA 

fingerprinting due to their reliability, high 

polymorphism rates, and ability to differentiate 

even closely related genotypes (Kumar et al., 

2011). Recent applications in germplasm 

characterization illustrate how SSR-based 

profiling accelerates the identification of 

genetically diverse parents, supports trait 

introgression, and enhances conservation 

efforts (Cuevas et al., 2018). 

In sorghum, these markers have 

revealed broad variation among landraces, 

breeding lines, and wild relatives. This study 

addresses a critical limitation in Pakistani 

sorghum breeding by using SSR markers to 

assess genetic diversity. We provide genetic 

information for 13 genotypes, disclosing 

substantial divergence among them. Notably, 

some advanced lines exhibit exceptional 

genetic distance, highlighting their potential as 

diverse parental sources. Breeders can apply 

these results to protect traditional varieties 

using verifiable SSR profiles under national 

seed laws and exploit the identified genetic 

divergence for developing high-yielding, stress-

resistant hybrids. 

This study delivers the genetic 

characterization of Pakistan's traditional 

sorghum diversity through SSR-marker 

analysis, establishing essential foundational 

data for both conservation and breeding 

applications. We generate reproducible 

molecular fingerprints for 13 sorghum 

genotypes, enabling precise varietal 

identification and revealing valuable allelic 

variation. These findings provide breeders with 

genetically verified parental selection to 

develop climate-resilient hybrids suited to 

Pakistan’s arid regions, linking genetic resource 

conservation with modern crop improvement. 

 

 

MATERIALS AND METHODS 

 

Thirteen sorghum genotypes surveyed used 

SSR markers for genetic diversity assessment 

(Table 1). The cultivars’ growing transpired at 

the Agricultural Biotechnology Research 

Institute (ABRI), Faisalabad, Pakistan, under 

standard growth conditions. 

 

DNA extraction 

 

Genomic DNA extraction occurred from fresh 

young leaves using the CTAB method with 

minor modifications for cereals (Doyle and 

Doyle, 1990). Leaf tissues underwent grinding 

in liquid nitrogen (−196 °C) to obtain a fine 

powder for extraction. The DNA extraction 

buffer (CTAB buffer-2x) (for 1 l: Tris base 

12.11 g, polyvinyl pyrrolidone [PVP] 20 g, 

sodium ethylenediamine tetraacetic acid [Na-

EDTA] 7.44 g, sodium chloride [NaCl] 81.8 g, 

2% β-mercaptoethanol, and 

cetyltrimethylammonium bromide, or CTAB, 30 

g) served to homogenize and digest the 

sample. The mixture received incubation at 65 

°C for 20 min with occasional swirling before 

emulsification with phenol:chloroform:isoamyl 

alcohol (25:24:1). DNA precipitation utilized 

absolute ethanol and sodium acetate, then 

proceeded to make pellets before washing with 

70% ethanol and resuspension in TE buffer (10 

mM Tris-HCl, 1 mM EDTA, pH 8.0). Finally, the 

DNA incurred treatment with RNase to remove 

RNA contaminants. The purity and 

concentration of DNA, when measured, 
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Table 1. List of sorghum genotypes used in the study. 

No. Genotypes Species 

1 YSH-134 Sorghum bicolor (L.) Moench 

2 CMS-7B Sorghum bicolor (L.) Moench 

3 YSS-98 Sorghum bicolor (L.) Moench 

4 CMS-7A Sorghum bicolor (L.) Moench 

5 YS-16 Sorghum bicolor (L.) Moench 

6 Pak Sorghum Sorghum bicolor (L.) Moench 

7 Ausaf Sorghum bicolor (L.) Moench 

8 AK-113 Sorghum bicolor (L.) Moench 

9 Fakhr-e-Punjab Sorghum bicolor (L.) Moench 

10 YS-17 Sorghum bicolor (L.) Moench 

11 YS-42 Sorghum bicolor (L.) Moench 

12 F-01-2017 Sorghum bicolor (L.) Moench 

13 No. 1572 Sorghum bicolor (L.) Moench 

 

employed a NanoDrop spectrophotometer 

(Thermo Scientific, U.S.A.). 

 

PCR amplification 

 

PCR reactions succeeded in a thermal cycler 

with a total reaction volume of 25 µL, including 

20 ng/µL genomic DNA of each variety, 0.6 µM 

of each forward and reverse primer, and 13 µL 

of green master mix for different SSR markers. 

The following temperature conditions applied 

for amplification comprised initial denaturation 

at 94 °C for 5 min, followed by 35 cycles of 

denaturation at 94 °C for 1 min, annealing at 

variable primer-specific temperatures for 1 

min, and extension at 72 °C for 1 min, with a 

final extension at 72 °C for 7 min. The 

amplified PCR products remained in storage at 

4 °C (Rahman et al., 2022). 

 

Gel electrophoresis 

 

PCR products’ separation on 6% 

polyacrylamide gels used the electrophoresis 

system model POWERPRO-3AMP (Cleaver 

Scientific Limited). Electrophoresis took place 

at 90 W for 1 h with the gels stained with silver 

nitrate (Jamil et al., 2021). Capturing images 

engaged a Syngene transilluminator, with the 

banding patterns recorded under UV 

transilluminator for further analysis. (Figure 1). 

Statistical analysis 

 

The use of UPGMA clustering served to 

construct a dendrogram using R software (R 

v4.3.1). Moreover, polymorphism information 

content (PIC) for each SSR marker, along with 

the number of alleles, also attained 

calculations in Microsoft Excel using the 

formula by Botstein et al. (1980). The study 

also employed the principal coordinate analysis 

(PCoA) and heatmap visualization using the R 

software (R v4.3.1) (Liu et al., 2003). 

 

 

RESULTS AND DISCUSSION 

 

Polymorphism information content (PIC) 

analysis 

 

A considerable level of polymorphism resulted 

among the 13 sorghum genotypes using 50 

SSR loci, confirming the effectiveness of these 

markers in revealing genetic diversity within 

the analyzed panel (Table 2). The PIC values 

ranged from 0.49 to 0.94, indicating 

substantial variability in marker 

informativeness across loci. Among these, 43 

loci showed high PIC values (PIC ≥ 0.80), with 

XTXP-294 (0.94) and XTXP-210 and XTXP-218 

(0.93) being the most polymorphic. Moderately 

informative markers included XTXP-183 (0.71), 

XTXP-358 (0.72), and XTXP-63 (0.77), while 

OL-4 (0.49) was the only low-informative 

locus. 
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Figure 1. SSR banding pattern of sorghum genotypes on PAGE, used for allele scoring. 

 

 

Table 2. Polymorphism information content (PIC) values and informativeness of 50 SSR markers used 

for genetic diversity analysis in sorghum genotypes. 

No. Primers 
Number of 

alleles 
PIC value No. Primers 

Number of 

Alleles 
PIC value 

1 XTXP-65 13 0.88 26 XTXP-168 17 0.92 

2 XTXP-218 25 0.93 27 XTXP-183 6 0.71 

3 XTXP-50 12 0.87 28 XTXP-46 24 0.92 

4 XTXP-18 7 0.84 29 XTXP-227 13 0.89 

5 XTXP-63 7 0.77 30 XTXP-273 10 0.82 

6 XTXP-61 10 0.86 31 XTXP-96 17 0.92 

7 XTXP-47 16 0.91 32 OL-4 3 0.49 

8 XTXP-343 17 0.92 33 XTXP-350 8 0.79 

9 XTXP-36 12 0.87 34 XTXP-358 5 0.72 

10 XTXP-159 13 0.89 35 XTXP-217 13 0.89 

11 XTXP-215 19 0.92 36 XTXP-33 11 0.89 

12 XTXP-302 10 0.86 37 XTXP-176 5 0.67 

13 XTXP-92 17 0.92 38 XTXP-295 9 0.81 

14 XTXP-10 9 0.83 39 XTXP-23 14 0.89 

15 XTXP-312 14 0.87 40 XTXP-51 11 0.88 

16 XTXP-278 14 0.86 41 XTXP-104 10 0.83 

17 XTXP-13 8 0.82 42 XTXP-145 11 0.89 

18 XGAP-42 13 0.89 43 XTXP-149 13 0.87 

19 XTXP-210 22 0.93 44 XTXP-303 11 0.81 

20 XTXP-114 9 0.87 45 XTXP-6 8 0.82 

21 XTXP-294 23 0.94 46 XTXP-60 9 0.84 

22 XTXP-225 11 0.87 47 XTXP-208 11 0.89 

23 XGAP-34 9 0.81 48 XTXP-325 10 0.88 

24 XTXP-69 21 0.92 49 XTXP-57 13 0.89 

25 XTXP-212 8 0.81 50 XTXP-228 7 0.82 

 

The predominance of highly 

informative loci indicates that the selected SSR 

panel is effective for differentiating the studied 

genotypes. The overall high PIC values reflect 

a strong genetic base among the selected 

genotypes and the suitability of SSRs for 

genetic diversity assessment (Cuevas et al., 

2018). Markers, such as XTXP-294 and XTXP-

210, exhibited superior allele detection and are 

particularly useful for varietal identification and 

marker-assisted selection, consistent with 

earlier findings (Santhiya et al., 2020). These 

results demonstrate the potential of SSR-based 

fingerprinting as a reliable and cost-effective 
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tool for identifying diverse parental lines and 

guiding future sorghum breeding programs. 

Reports on similar findings have appeared in 

other cereals, where highly polymorphic SSRs 

effectively captured allelic variation across 

diverse germplasm (Hu et al., 2019).  

 

Cluster analysis 

 

Cluster analysis based on the unweighted pair 

group method with arithmetic mean (UPGMA) 

revealed clear genetic differentiation among 

the 13 sorghum genotypes, forming three 

distinct clusters at a genetic distance ranging 

from 1 to 4 (Figure 2). Cluster III, represented 

in red, comprised the most divergent 

genotypes, AK-113, Fakhr-e-Punjab, YS-17, 

YS-12, F-01-2017, and NO.1572, which were 

separated by longer branch lengths, indicating 

the highest degree of genetic variability. This 

broad genetic distance suggests these 

genotypes possess unique allelic combinations 

and can serve as valuable parents. Similar 

patterns have been noted by Melo et al. (2021) 

in genotypes from contrasting agroecological 

origins. Cluster II, represented in yellow, 

including CMS-7A, YS-16, Pak Sorghum, and 

Ausaf, showed moderate diversity. Comparable 

clusters have been notable for containing 

useful phenotypic and stress-tolerant variation 

in sorghum (Navyashree et al., 2024). Using 

these genotypes in crosses could contribute 

alleles not present in the most divergent or the 

most related clusters, helping to maximize 

heterosis while retaining agronomic 

adaptability. 

Cluster I, represented in blue, 

comprising YSH-134, CMS-7B, and YSS-98, 

was the most closely related group, suggesting 

shared selection history or common parental 

lines. This pattern aligns with Borrell et al. 

(2014), who found that elite breeding lines 

with similar genetic backgrounds cluster 

tightly. Together, these clustering results 

reflect the underlying genetic constitution of 

the studied genotypes and affirm the 

effectiveness of SSR markers in detecting 

genetic differentiation. They also provide 

strong guidance for selecting parental 

genotypes from different clusters, particularly 

from Clusters III and II, for future breeding of 

stress-resilient, high-yielding sorghum 

varieties. 

 

Principal coordinate analysis (PCoA) 

 

Principal coordinate analysis (PCoA) helped 

visualize genetic relationships among the 12 

sorghum genotypes based on SSR markers 

using two axes, representing the main 

proportion of genetic variation. The PCoA plot 

revealed three distinct clusters (Figure 3).  

Cluster 1 included YSH-134, YSS-98, 

CMS-7A, CMS-7B, and YS-16, with YS-16 

positioned slightly further from the other 

members, indicating relative intra-cluster 

divergence. Cluster 2, comprising Ausaf, Pak 

Sorghum, and AK-113, showed moderate 

separation from Cluster 1. These observations 

align with those of Nemera et al. (2022), who 

reported weak clustering in the Ethiopian 

sorghum population due to continuous gene 

flow and shared agroecological conditions. 

Cluster 3 comprised YS-42, YS-17, F-01-2017, 

and Fakhr-e-Punjab, with F-01-2017 positioned 

furthest from the remaining members, 

highlighting significant allelic differences. These 

results agree with Shahbazi et al. (2025), who 

performed SSR-based PCoA analysis, 

confirming its reliability for identifying diverse 

parental lines in crop improvement programs. 

The distinct positioning of YS-16 and F-01-

2017 signifies these genotypes are relatively 

more genetically divergent within the studied 

panel, which may be of interest for further 

evaluation in breeding programs after 

phenotypic and agronomic validation (Morris et 

al., 2013). 

 

Heatmap tree analysis 

 

The heatmap (Figure 4) provided a visual 

representation of pairwise genetic similarity 

among the genotypes based on SSR-marker 

data. Heatmaps offer an intuitive and effective 

method for visually interpreting genetic 

similarity and supporting marker validation in 

molecular studies (Hu et al., 2019). This 

approach has wide recognition for its efficacy 

in revealing intricate genetic relationships and 

population substructures that might be missed 

in a simple dendrogram analysis. 
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Figure 2. Dendrogram showing genetic clustering of 13 sorghum genotypes based on SSR data. 

 

 

 
 

Figure 3. Principal coordinate analysis (PCoA) supporting dendrogram results showing three different 

clusters. 

 

 

 
 

Figure 4. Heatmap tree representing genetic similarity among 13 sorghum genotypes based on SSR 

marker profiles. 



SABRAO J. Breed. Genet.58 (2) 635-642. http://doi.org/10.54910/sabrao2026.58.2.14 

641 

Genotypes, such as CMS-7A and CMS-

7B, as well as YS-16 and YS-17, appeared 

closely clustered, indicating high genetic 

similarity. In contrast, AK-113 and CMS-7B 

displayed lighter-colored intersections, 

reflecting lower similarity with other 

genotypes, while Fakhr-e-Punjab and YS-16 

showed relatively darker intersections, 

suggesting higher similarity between them. 

Overall, the clustering pattern detailed at least 

three to four genetically distinct groups among 

the studied genotypes. The similarity patterns 

observed in the heatmap corresponded with 

the relationships identified through UPGMA 

clustering, supporting the consistency of SSR 

markers in resolving genetic variations among 

the analyzed genotypes. Comparable SSR-

based analyses have likewise reported 

substantial variability within sorghum 

germplasm collections (Ahmed et al., 2025). 

AK-113 and CMS-7B, carrying unique 

alleles, indicate the genetic divergence within 

the studied panel, which may be essential for 

sustaining yield stability under climate change. 

Such genetic diversity is important for 

enhancing traits like drought tolerance, disease 

resistance, and overall crop resilience (Lasky et 

al., 2015). 

 

 

CONCLUSIONS 

 

SSR markers proved effective for assessing 

genetic diversity and relationships among 13 

sorghum genotypes. Multivariate analysis 

identified distinct lines that could be useful to 

broaden the genetic base. This study delivers a 

reliable fingerprinting platform that is 

immediately applicable for cataloging 

germplasm, selecting parental lines, and 

prioritizing genetic resources for conservation. 

The path forward lies in the seamless 

integration of this molecular dataset with deep 

phenotypic profiling. We envision that this will 

catalyze a new phase of precision breeding, 

where genetic markers directly inform the 

development of tailored sorghum varieties 

equipped to thrive in a changing climate. 

Future integration of phenotypic evaluation and 

complementary molecular markers will further 

enhance the precision of diversity studies and 

support the development of climate-resilient 

sorghum varieties.  
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