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Abstract  
Rice is a major staple food for many people, and in West Africa, Nigeria stands out as both 
the largest producer and consumer of rice. This research aimed to determine the presence of 
Dense and Erect Panicle 1 (DEP1) gene, one of the key determinants of rice yield, in three 
rice cultivars (Faro 44, Jip, and Jamila) grown in Nigeria. Candidate gene SSR-based 
molecular markers were used for the identification. Rice plant DNAs were extracted using 
the DNeasy® plants mini kit method. A pair of primers was manually designed based on 
the DNA sequences flanking the chosen SSR markers for the DEP1 gene. These primers 
were used to detect the presence of the gene, and they successfully amplified the target 
region. The expected amplicon size was approximately 500 bp. The results showed that all 
three rice varieties carry the DEP1 gene. This led to the conclusion that cg-SSR-based 
markers are useful and reliable tools for identifying genes of interest in rice. 
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INTRODUCTION  
Nigeria is both the largest rice producer and consumer in West Africa. Official data from the 
U.S. Department of Agriculture (USDA) ranks Nigeria as the fourteenth rice producer in the 
world. Nigeria’s ten-year average rice production between 2016 and 2025 was 5.35 million 
metric tons, with 5.75 million metric tons in 2024/2025 and 5.90 million metric tons (MMT) in 
2025/2026, a 3% year-over-year increase (USDA, 2026). Despite being Africa’s largest rice 
producer, Nigeria continues to struggle with low yields, high production costs, and persistent 
reliance on imports. USDA places Nigeria's yield around 2.2 metric tons per hectare (MT/Ha), 
lower than the world average of 4.7 tons per hectare (USDA, 2026). Bridging the yield gap 
would require not only improved farming methods and infrastructure but also the 
introduction of high-yielding, stress-tolerant rice varieties developed through molecular 
breeding. The Dense and Erect Panicle 1 (DEP1) gene examined in this research, known to 
improve panicle structure and grain count, exemplifies the type of genetic asset that can 
enhance productivity without requiring more land. Nigeria possesses rice genetic resources 
that carry such favorable traits. Still, these must be systematically identified, validated, and 
integrated into breeding pipelines if the country is to move toward self-sufficiency. 
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Rice yield-responsive genes are genes responsible for the quality and quantity of 
rice grain yield. Many Quantitative Trait Loci (QTLs) related to rice grain yield 
were identified, amongst these include grain number 1a (Gn1a), the first gene to be 
isolated that controls rice grain number, reported by Ashikari et al. (2005). Grain 
size 3 (Gs3) was the first major gene to be isolated that determines rice grain size 
(Fan et al., 2006). The rice Dense and Erect Panicle 1 (DEP1) is the major rice grain 
yield QTL that determines the panicle architecture. The phenotype of erect panicle 
architecture controlled by DEP1 has been used in rice breeding for nearly a century 
owing to its high-yielding, lodging-tolerant, strong-stemmed, reasonable 
population structure, and high nitrogen use efficiency (Huang et al., 2009; Wang et 
al., 2009).  
 
The data obtained for the DEP1 gene was exclusive to the Oryza sativa specie 
predominantly grown in the Asia and Europe. It is yet to be established if the 
cultivars grown in Nigeria are harbouring the DEP1 gene or not. This research 
intends to qualitatively identify the presence or otherwise of DEP1 gene in the 
three rice cultivars (Faro 44, Jip, and Jamila) widely grown in northern Nigeria. 
Should the DEP1 gene be found in the cultivars, it will open the door for further 
studies of the gene, like possible mutations within nucleotide sequence of the DEP1 
gene or its transcription factors that may alter the yielding potentials of the 
cultivars harbouring the mutant variant. If the DEP1 gene is to be found absent, 
gene editing technologies like CRISPR/Cas should be explored to transfer the 
DEP1 gene to the cultivar with a view to improving its yielding potentials.  
 
MATERIALS AND METHODS 
Sample Collection  
Three rice cultivars (Faro 44, Jip, and Jamila) were obtained from rice farmers in 
Dutse farm, Jigawa State, and were identified by a botanist from the Department of 
Biological Sciences, Federal University Dutse. The seeds were stored refrigerated in 
brown envelopes before use.  
 
Planting of Seeds 
Before planting, the seeds were soaked for 2 hours, then placed in individual, 
sterilized, labeled Petri dishes lined with filter paper. They were watered daily by 
applying a few drops of water to moisten the filter paper. This process was 
continued for 13 days, after which the seeds were harvested and kept in a 
refrigerator at 4°C until used for DNA extraction. 
 
Genomic DNA extraction  
DNA was extracted using the DNeasy® Plant Mini Kit method according to Abdel-
Latif and Osman (2017).  
 
Estimation of the quantity of isolated genomic DNA   
The quantities of the extracted DNA were analyzed using the Qubit 4 fluorometer. 
The quantity of DNA in the samples was recorded.  
 
DEP1 gene reference sequence search  

DEP1 Fasta format reference sequence (Accession number: ORGLA09G0089300.1) 
and other useful information were downloaded from the National Center for 
Biotechnology Information (NCBI) database.  
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Simple Sequence Repeats (SSRs) mining  
The reference sequence for the DEP1 gene in FASTA format, obtained from the 
NCBI database, was utilized for SSR identification through the SSR Locator tool. 
Only simple sequence repeats featuring di- and tri-nucleotide motifs with a 
minimum of five repeat units were extracted. 
 
Primer design  
A forward and reverse primer pair was manually designed to target the flanking 
sequences of the identified SSR regions. Thermodynamic parameters were assessed 
using OligoCalc Northwestern software 
  (http://biotools.nubic.northwestern.edu/OligoCalc.html).  
The primer specifications included a length of 18–24 bp, Tm between 50 and 60°C, 
a maximum difference of Tm not morethan 4°C between the forward and reverse 
primers, % GC content between 45 and 65, and an amplicon size of 150 to 500 base 
pairs. 
 
Polymerase Chain Reaction (PCR)  
The PCR protocol was set using a 15 µL total volume reaction mixture. Set up 
containing 1.5 µL of 10x Buffer A, 0.75 µL MgCl2, 0.12 µL of dNTPs mix, 0.51 µL of 
each primer, 0.12 µL of Kapataq polymerase, 2.0 µL of DNA template, and 9.49 µL 
of distilled, sterilized water. Thermal cycling was performed in a thermal cycler 
and programmed (Table 1)  
 
Table 1: PCR cycling conditions 

Steps Cycles Temperature (oC) Time (min/sec) 
Initial denaturation 1 95 3 minutes 

Denaturation  94 30 seconds 
Annealing 35 55 30 seconds 
Extention  72 45 seconds 

Final Extention 1 72 7 minutes 
Store/End  4  

 
Agarose gel electrophoresis  
Amplicons were separated on a 1% agarose gel using an electrophoresis tank 
system with 1x TAE buffer, where the gel was stained with 4 μL of ethidium 
bromide. A 100 bp ladder (Bioline) was used as a size marker. Each well was 
loaded with 4 μL of DNA mixed with 2 μL of loading dye. Electrophoresis was 
conducted at 110 V for 60 minutes. The gels were then visualized, and images were 
captured using a Gel Documentation system (U: Genius, Syngene, UK). 
 
RESULTS AND DISCUSSION  
Results  
SSRs mining  
The SSRs mined using SSR Locator software satisfying the di- and tri- nucleotide 
motifs with a minimum of five (5) repeats were selected (Table 2).  
 
Table 2: Simple sequence repeats found in DEP1 with a minimum of five (5) di- and tri- motif 
repeat. 

Gene Motif No. of repeats Start SSR End SSR 

 
DEP1 

CT         5        8      18 
GC         5      180      190 
TC         5      2203     2213 

DEP1= Dense and Erect Panicle 1; G= Guanine C=_Cytocine; T= Thymine;  SSR= Simple Sequence Repeat 

http://biotools.nubic.northwestern.edu/OligoCalc.html


Molecular Screening of the DEP1 Yield-Related Gene in Nigerian Rice Cultivars Using cgSSR Markers  

Z. Halilu, Alfa T. Imam, DUJOPAS 12 (2e): 292-297, 2026                                                                              295 

 

Primer design  
A set of primers (forward and reverse) for the DEP1 gene on the flanking sequence 
of at least one SSR was designed. The details of the primers, length of the primers 
(L), percentage GC content (%GC), melting temperature, and expected amplicon 
size were taken (Table 3).  
 
Table 3: DEP 1 Gene respective primers with %GC content, Tm, L and Expected amplicon 
size. 

                    Forward primer                 Reverse primer 

 
Sequence 

 
5' GCGATTTATACCCACCACGCC 3' 

 
5' CAGTAGCGGGTAGCTCCGTAC 3' 

%GC                     57                            62 

Tm (ºC)                    56.3                           58.3 

L (bp)                     21                            21 

Tm= Melting temperature; L= Length of primer; %GC= Percentage of Guanine and Cytocine   

 
Genomic DNA concentration  
The quantity of extracted genomic DNA for three rice cultivars (Jamila, Faro 44, 
and Faro 44) was mas measured (Table 4). 
 
Table 4: Genomic DNA Concentration of three cultivars 

S/No Cultivar Name Concentration of DNA (ng/µl) 

1 Faro 44 1.44 

                       2 JIP 1.88 

3 Jamila 0.22 

 
PCR Product analysis  
The gels showed PCR products of the expected band sizes as seen in plate 1 

 
                                       Plate 1: Snapshot of bands taken in the Gel Documentation System 

The four lanes labelled M, 1, 2, and 3  are for the DNA Markers, Faro 44, Jip and Jamila respectively 
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DISCUSSION  
Extracting high-quality and sufficient DNA is a crucial step in molecular research. 
Fluorometry uses fluorescent dyes, which have become a popular way to measure 
DNA concentration because they are simple and far more sensitive than traditional 
absorbance methods. In this study, the local variety JIP had twice the DNA 
concentration of Faro 44, while Jamila had the lowest. The primer set designed was 
able to successfully amplify the target region, indicating that the primers' annealing 
condition was optimized, also indicating the presence of DEP1 gene in the three 
cultivars screened. Previous attempt by Halilu et al., (2020) failed to identify the 
presence of the DEP1 gene in ten cultivars other than the ones used in this research. 
Thus, this research has provided a new set of primers and the optimized PCR 
working conditions for the screening of DEP1 gene.  
 
The detection of the DEP1 gene in Faro 44, Jip, and Jamila, three widely grown 
Nigerian rice varieties, holds direct relevance for future yield improvement 
through molecular breeding. DEP1 is known to enhance grain number per panicle 
and reduce plant height, traits that boost harvest index and lodging resistance. 
Since all three cultivars already carry this favorable gene, they can serve as 
immediate donors in crossing programs without requiring transgenic approaches. 
Moreover, the validated cg-SSR markers enable rapid, low-cost screening of 
breeding populations, allowing breeders to pyramid DEP1 with other yield-related 
genes like Gn1a, Ghd7, GS3 or to introgress it into locally adapted but lower-
yielding varieties. This work thus provides a foundational tool for marker-assisted 
selection (MAS) in Nigerian rice breeding, accelerating the development of high-
yielding, regionally adapted lines to meet rising food demand.  
 
CONCLUSION AND RECOMMENDATIONS  
This study successfully confirmed the presence of the DEP1 gene, a key yield-
related trait, in the three widely cultivated Nigerian rice varieties: Faro 44, Jip, and 
Jamila. The use of manually designed primers targeting cg-SSR markers proved 
effective, amplifying the expected 500 bp fragment in all tested cultivars. These 
findings demonstrate that candidate gene SSR-based markers are reliable, cost-
efficient tools for gene detection in rice. Given that all three varieties already 
harbor DEP1, they represent valuable genetic resources for marker-assisted 
selection and cross-breeding aimed at enhancing panicle architecture and grain 
yield. Overall, this work lays a practical foundation for accelerating yield 
improvement in West African rice production through molecular approaches. 
 
To fully leverage this potential, future studies should explore additional yield-
related genes using candidate-gene SSR markers and a broader range of molecular 
tools to deepen current knowledge of rice productivity. The DEP1 gene identified 
in this study requires cloning and sequencing to determine the exact genetic 
variation present among the different cultivars. Furthermore, analyzing the 
expression patterns of DEP1 is essential to understanding how its activity relates to 
actual field performance. 
We hereby acknowledge that there is no conflict of interest. 
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