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Abstract 

Maize (Zea mays) is a globally significant crop, and its genetic diversity is crucial for its adaptation and improvement 
through breeding programs. This study employed molecular markers 18S rRNA, RBCL gene sequences, and Inter-Simple 
Sequence Repeats (ISSR) to assess the genetic diversity and mycorrhizal responsiveness of 18 maize cultivars cultivated in 
Saudi Arabia. Phylogenetic analysis using maximum likelihood methods revealed two major clades, with significant variation 
in mycorrhizal responsiveness among genetically similar cultivars. The results indicate that while genetic relatedness is a 
factor, it is not a strong predictor of mycorrhizal symbiosis. ISSR markers were particularly effective in revealing 
polymorphisms, with the cultivars displaying considerable genetic diversity, thus supporting their use in future marker-
assisted selection and breeding programs. These findings provide valuable insights into the genetic structure of maize 
cultivars in Saudi Arabia and offer a foundation for enhancing crop traits, such as nutrient uptake and stress tolerance, 
particularly in arid environments. This study underscores the importance of molecular markers in elucidating phylogenetic 
relationships and advancing genetic improvement strategies in maize. 
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Introduction 
Maize is an important crop worldwide; agricultural income and seed diversity have increased recently. There are several 

examples in the literature of the patterns of diversity and the variation in maize and its adaptation to local growing conditions, 

and farmers' choices affected regarding the conservation of seed diversity (Huang et al., 2016; Stromberg et al., 2010). The main 
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source of seed is an important part of maize cultivation in any country; farmers obtain seeds from their local markets depending 

on their shape and some knowledge base, Selection depending on agronomic performance and the delivery of specific products 

and properties (Flint-Garcia et al., 2009; Pascual & Perrings, 2007). The flow of information, trust for seed sharing, and seed 

quality do not have sufficient information for most farmers. It always depends on looking at it, and they always use the seeds 

from the previous harvest and store them (Badstue et al., 2007).  A variety of maize seeds’ appearance and diversity in local agro-

biodiversity maintained increasingly in recent years depending on their quality parameters, such as oil content, sweetness, and 

degree of wax in seeds and its purity standards (Zhang et al., 2012). Little is known about the inter-species of maize and the seed 

diversity (Reyes-García et al., 2008). Large-scale sequencing studies comparing Teosinte (a progenitor of Z. mays) to modern 

inbred lines have indicated that 2– 4% of the maize genome has experienced artificial selection throughout its history, i.e . ,  during 

domestication and/or plant breeding (Wright et al., 2005; Yamasaki et al., 2005). Little or no genetic variation remains in inbred 

lines to contribute to crop improvement by traditional breeding or gene discovery by genetic analysis. Geneticists are just now 

beginning to understand domestication's consequences and crop species' breeding history (Hamblin et al., 2006; Hyten et al., 

2006; Tang et al., 2006). 

The applications of molecular markers in the breeding programs of different plant crops have significantly increased in 

the last few years. Molecular markers not only facilitated the production of novel varieties but also strengthened the identification 

of disease-resistance genes and their related molecular marks by reducing the time needed to discover unique properties in 

progeny plants (Debasis & and Paramjit, 2001). In addition, molecular markers are helpful tools for building a genetic map (Qi et 

al., 2004), determine genetic diversity within the natural population (Abdel-Mawgood et al., 2005), establish evolutionary and 

taxonomic links (Crozier, 1997; Schaal et al., 1998), develop markers related to resistance to diseases (Bachman et al., 2001; 

Dubcovsky, 2004; Zhao et al., 1997), DNA fingerprints and registry cultivars and develop species-specific markers (Abdel-

Mawgood et al., 2005; Camlin, 2003; Rao, 2004). There is a rising tendency to produce hybrid maize, which offers higher yields, 

broad adaptability, and performance and quality reliability. However, these hybrids' genetic purity must be specific (Abdel-

Mawgood et al., 2005). different molecular markers such as the 18S rRNA, RBCL gene and ISSR represent a newer and more 

reliable approach based on the phylogenetic positions of many plant species. 

18S ribosomal RNA is commonly utilized in gene expression investigations such as End-PCR, Northern blotting and 

quantitative real-time PCRs as the internal control gene for normalization. One advantage of employing 18S rRNA is its low 

turnover rate, and the large 18S rRNA pool is less prone to significant alterations from physiological perturbations. Numerous 

studies have verified its use by demonstrating its invariant expression across multiple species, tissues, developmental stages, and 

treatments (Bustin, 2000; Chen et al., 2012; Goidin et al., 2001; Jarošová & Kundu, 2010; Maroufi et al., 2010; Nicot et al., 2005). 

however, there are certain disadvantages to utilizing 18S rRNA as a reference gene. For example, because 18S rRNA is far more 

abundant than any other mRNA transcript, it must be diluted to attain a threshold value within the dynamic range of real-time 

PCR devices, introducing unpredictability into the result (Bogdanović et al., 2013). 

  The RBCL gene, which encodes the large subunit of ribulose 1,5-bisphosphate carboxylase/oxygenase (RuBisCO), has 

been widely sequenced from a variety of plant taxa, and the accompanying data set has tremendously assisted studies of plant 

phylogeny (Palmer et al., 1988). Parson et al. (2000) clarified that the RBCL gene can be recognized by genus and family level.  

Bioinformatical analysis technologies have also provided a more comprehensive analysis of genetic diversity and the 
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genetic sequence analysis of species populations (Roy et al., 2010). The RBCL gene is part of the DNA sequence located in cpDNA 

and can be used as a barcode for DNA because of its universality and ease of amplification and analysis in this coding region 

(Hasebe et al., 1994; Les et al., 1991; Newmaster et al., 2006). Based on the study of (Hollingsworth et al., 2009), the plant species 

could be observed because this gene RBCL is easily amplified and sequenced and has several phylogenetic characteristics because 

it is about 1400 bp in total length. Compared to other codes in cpDNA, this sequence is low in mutation because the similarity 

between species is high (Kellogg & Juliano, 1997). The plastid genome is acquired uniparentally, unrecombined and structurally 

stable, and the rival gene of the plant DNA barcode is the most promising (Hebert et al., 2003). The RuBisCO large subunit (RBCL) 

plastic marker was commonly used to investigate the unknown taxonomic position of species to elucidate taxonomic linkage 

among species (Hollingsworth et al., 2011).  

Molecular markers facilities by ISSR DNA markers in plants, which involve amplification of DNA segments present at an 

amplifiable distance in between two identical microsatellite repeat regions oriented in opposite directions, have many advantages 

in plant genetic analysis because they are simple, widely used techniques highly polymorphic more in number, stable across 

different developmental stages, neutral to selection and least influenced by environmental factors (Vijayan, 2005). ISSR markers 

are highly polymorphic and valuable in genetic diversity, phylogeny, gene tagging, genome mapping, and evolutionary biology 

research (Pradeep Reddy et al., 2002). ISSR-PCR amplified sequences can be utilized for DNA fingerprinting. ISSR primers might 

occasionally be less specific to the scanned genome, resulting in more apparent fingerprints. Poor reproducibility of ISSR results 

is also caused by poor-quality genomic DNA (Sarwat, 2012). 

Previous efforts to develop molecular markers in Zea m ays  based on ISSR (Idris et al., 2012; Jana et al., 2013; Osipova et al., 

2003) techniques are well documented. These markers are helpful in cultivar identification and in studying genomic diversity and 

evolution. Different specific markers in crop plants were also successfully detected based on ISSR approaches (Edris et al., 2014; 

Sabir et al., 2014a). These markers can be utilized in marker-assisted selection and breeding programs in Zea m ays.  Little is 

known about the origin of Zea mays  germplasm grown in Saudi Arabia. 

 This study aimed to explore the usefulness of the two genes (18s  and RBCL) and ISSR markers, assessing relatedness 

among eighteen different maize samples and characterisation of cultivar-specific markers to identify the genetically variable 

genotypes to be utilized in the future breeding program in Saudi Arabia to develop promising genetic materials with improved 

maize crop characteristics, particularly for plant mycorrhizal responsiveness. This will be achieved using the molecular marker 

(18S, RBCL and ISSR analysis) 

Our hypothesis is based on the following: There will be a genetic similarity between the 18 Zea mays  cultivars, and the 

mycorrhizal responsiveness will be related to this genetic similarity between the plant cultivars and the breeding program will 

affect this relationship between the genetic similarity and the mycorrhizal responsiveness, so we hypothesis 2 main points: 

• The variability within mycorrhizal positively responsive clades and neutral clades will be smaller than the

variability between those clades.

• The negatively mycorrhizal responsiveness cultivars will be genetically different from all other cultivars.

Materials and Methods 

Seeds collection 

Eighteen different varieties of maize seed samples were collected from several different companies from the Kingdom of 
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Saudi Arabia (samples from 1-9 from Al-kanahil Agricultural EST, samples from 10-19 from Saudi United Fertilizer Co. and 

samples from17-18 from Twaiq Agricultural Co.) and the companies itself sterilized the seeds from fungicides to keep it’s without 

pollution. 18 different varieties of maize seeds that have distinct characteristics were classified depending on their shape and 

colour, as shown in Fig 1.  

Seed preparation and seedling 

Seeds were washed with sterile distilled water to remove any fungicide debris. Each type of seed was planted in one spot 

containing sterile soil with some perlite, with five replicates. The duration of planting was 60 days, watered every three days.  

Genomic DNA extraction and purification 

  We have 18 samples for 18 varieties, but the cultivars no. 13,15 did not grow. 100 mg fresh frozen shoot tissue was weighed 

for each sample and grounded in a mortar with liquid nitrogen. Pipette 350 µL of lysis buffer A into a 1.5 mL microcentrifuge tube, 

then transfer the ground tissue to the lysis buffer A and vortex for 1 min; add 50 µL of lysis buffer B and 20 µL RNase A and vortex 

for 1 min, the sample was incubated at 65°C for 10 min, 130 µL of precipitation solution was added and mixed by inverting the tube 

2-3 times and incubated 5 min on ice, then the sample was centrifuged for 5 min at 14,000 rpm, the supernatant (usually 450-550 

µL) was collected and transferred to the clean microcentrifuge tube and 400 µL of plant gDNA binding solution then 400 µL of 96% 

ethanol were added and mixed well, half of the prepared mixture (600-700 µL) was transferred to the spin column. The flow-

through solution was discarded after centrifuging for 1 min at 8,000 rpm. The remaining mixture was applied onto the same 

column and centrifuged for 1 min at 8,000 rpm, 500 µL of wash buffer I was added to the and centrifuged for 1 min at 10,000 rpm. 

The flow through was discarded and placed the column back into the collection tube; 500 µL of Wash Buffer II was added to the 

column and centrifuged for 3 min at a maximum speed of 14,000 rpm, then the collection tube was emptied, the purification 

column was placed back into the tube and re-spun the column for 1 min. At maximum speed ≥ 14,000 rpm, it was kept open in the 

incubator at 37°C for 10 minutes for ethanol to evaporate. Then, the collection tube containing the flow-through solution was 

discarded and transferred the column to a sterile 1.5 mL microcentrifuge tube, 100 µL of elution buffer was added to the centre of 

the column membrane and incubated for 5 min at room temperature and centrifuge for 1 min at 10,000 rpm, and the purified 

DNA was ready to use. Using a spectrophotometer, the DNA concentration in different samples was estimated by measuring 

optical density at 260 nm and 280 nm. The quality of extracted DNA was assessed by running on 1.5 % agarose gel electrophoresis, 

using ethidium bromide (5 µg/ml) in 1X Tris-acetate Edita (TAE) buffer we prepared the buffer by adding 18.612 gm of Na-EDTA 

and 242.2 gm Tris-HCl (pH 8) and 57.1 ml acetic acid and   H2O (d.w) Up to 100 ml. Agarose was placed in 1X TAE buffer and boiled 

in a water bath; then ethidium bromide was added to the melted gel after the temperature became 55°C. The melted gel was 

poured into the tray of mini-gel apparatus, and the comb was inserted immediately then the comb was removed when the gel was 

hardened. The electrophoresis buffer (1X TAE) was then covered in the gel. 10 µl of dsDNA was loaded in each well and 5 µl of 1Kb 

DNA ladder from gold biotechnology and was run at 95 volts. Gel images were visualized using a UV transilluminator and 

photographed using a gel documentation system (BIO-RAD 2000, USA). GeneJET plant genomic DNA purification kit was used 

for the purification of amplified PCR using a 1Kb DNA Ladder according to (George et al., 2004) with some modifications 

(Azcárate-Peril & Raya, 2001). 
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Detection of PCR products for 18S and RBCL 

The data in Tab. 1 showed 18S gene the PCR the reaction mixture 25 µ consisted of 1 µL of each primer (forward and 

reverse), one µ of the sample, 12.5 µL master mix which contained (15 mM MgCl2, 1× buffer (Promega), 0.2 mM dNTPs, one µL of 

Taq DNA polymerase (GoTaq, Promega)), and 9.5 dH2O to a volume of 25 µL. PCR amplification was performed in 40 cycles (94°C 

for 5 mins, 94°C for 45 sec, 56.4°C for 1 min, 72°C for 2 mins, 72°C for 10 mins and 10°C for ∞). The amplification products were 

determined by electrophoresis in a 1.5% agarose gel. Using ethidium bromide (0.5 µg/ml) in 1X Tris-acetate Edita (TAE) buffer at 

95 volts. A marker CSL-MDNA-100BP DNA ladder RTU (cleaver scientific) was used as a molecular size standard for PCR product 

size determination. Gel images were visualized using a UV transilluminator and photographed using a gel documentation system 

(BIO-RAD 2000, USA).  GeneJET PCR purification kit (Catalog number: K0701) was used to purify amplified PCR-products using 

the manufacturer’s manual. The extracted PCR products have been incubated for 2 min at ambient temperature or at −20°C when 

stored. Macrogen Inc., Korea, used Sanger DNA sequencing tech. to perform the RBCL PCR products DNA sequencing (Romero 

et al., 2021; Taerum et al., 2020). 

Table 1. Presented the forward and reverse primers for 18S PCR. 

For RBCL gene in Tab. 2 revealed the PCR the reaction mixture 25 µL consisted of 1 µL of each primer (forward and 

reverse), 1 µ of the sample, 12.5 µ master mix which contain (15 mM MgCl2, 1× buffer (Promega), 0.2 mM dNTPs, 1 µL of Taq DNA 

polymerase (GoTaq, Promega), and 9.5 dH2O.to a volume of 25 µL. PCR amplification was performed in 40 cycles (94°C for 5 mins, 

94°C for 45 sec, 63°C for 1 min, 72°C for 2 mins,72°C for 10 mins and 10°C for ∞). The amplification products were determined by 

electrophoresis in a 1.5% agarose gel using ethidium bromide (0.5 µg/ml) in 1X Tris-Acetate Edita (TAE) buffer at 95 volts. A 

marker CSL-MDNA-100BP DNA ladder RTU (cleaver scientific) was used as a molecular size standard for PCR product size 

determination. Gel images were visualized using a UV transilluminator and photographed using a Gel Documentation System 

(BIO-RAD 2000, USA). GeneJET PCR Purification Kit (Catalog number: K0701) was used to purify amplified PCR products using 

the manufacturer’s manual. The extracted PCR products have been incubated for 2 min at ambient temperature or at -20°C when 

stored. Macrogen Inc., Korea, used Sanger DNA sequencing tech to perform the RBCL PCR products DNA sequencing (Khan et 

al., 2020). 

oligo 

SEQ 

GC% 416 

oligo 

SEQ 

18S_F1_(20b) _Forward 

(5′-CAA CCA TAA ACG ATG CCG AC-3′) (20mer) 

50 Tm(c) 58.4 Vol for 100 pmol/ul 

18S_R1_(20b) _Reverse 

(5′-TTT CAG CCT TGC GAC CAT AC-3′) (20 mer) 

GC% 50 Tm(c) 58.4 Vol for 100 pmol/ul 411 



233| | Aldhebiani A. Y., et al. 

Table 2. Presented the forward and reverse primers for RBCL PCR. 

 DNA was purified from the PCR mixture using the QIAquick gel extraction kit (Qiagen GmbH, Germany) according to the 

manufacturer’s instructions. First, we Excised the DNA fragment from the agarose gel with a clean, sharp scalpel, then we 

Weighed the gel slice in a colorless tube three volumes Buffer QG to 1 volume gel (100 mg gel ~100 µL) was added, and the 

maximum amount of gel per spin column is 400 mg. Incubated at 50°Ch for 10 min (or until the gel slice has completely 

dissolved). Vortex the tube every 2-3 min to help dissolve gel. After the gel slice had dissolved completely, we checked that the 

color of the mixture was yellow (similar to Buffer QG without dissolved agarose). After the color of the mixture is orange or violet, 

10 µl 3 M sodium acetate was added. pH 5.0, and mixed. The mixture turns yellow. Then 1 gel volume isopropanol was added to 

the sample and mixed. A QIAquick spin column was placed in a provided 2 ml collection tube. To bind DNA, the sample was 

applied to the QIAquick column and centrifuged for 1 minute, and all the samples passed through the column. Flow was 

discarded, and the QIAquick column was placed back into the same tube. If DNA is subsequently used for sequencing, in vitro  

transcription, or microinjection, 500 µl buffer QG will be added to the QIAquick column and centrifuged for 1 min. Flow 

discarded through and placed the QIAquick column back into the same tube. To wash, 750 µl buffer PE was added to the QIAquick 

column and centrifuged for 1 min. The flow was discarded, and the QIAquick column was put back into the same tube. Then, the 

QIAquick column was placed into a clean 1.5 ml microcentrifuge tube. To elute DNA, 50 µL buffer EB (10 mM TrisØCl, pH 8.5) was 

added or water to the center of the QIAquick membrane and centrifuged the column for 1 min. For increased DNA concentration, 

30 µl buffer EB was added to the center of the QIAquick membrane, kept for 1 min. Then centrifuged for 1 min. After adding 

Buffer EB to the QIAquick membrane, the incubation time increased to 4 min.  If purified DNA is to be analyzed on a gel, we 

added 1 volume of Loading Dye to 5 volumes of purified DNA. Mixed the solution by pipetting up and down before loading the gel 

(Zhou et al., 2018). 

Analysis of 18S and RBCL 

Alignment of the 18 cultivars for 18S and RBCL sequences was carried out using version 2 of Clustalx (Larkin et al., 2007).  

Exploratory data and phylogenetic analyses were conducted under R Project for statistical computing (R Core Team., 2021). 

Exploratory data analysis was done using Seqinr (Charif & Lobry, 2007) R package. The ape package carried out phylogenetic 

analysis (Paradis et al., 2004). Reconstruction of the phylogenetic tree was done using maximum likelihood inference of the 

phylogenetic tree (Goldman N., 1990). 

Sequencing of 18S and RBCL 

PCR amplification and sequencing of 18S rRNA gene and RBCL isolated gene analysis were done. The amplified PCR 

products of the 18S rRNA gene fragments and isolated from each cultivar were detected by electrophoresis in 1.5% agarose gel.  

oligo 

SEQ 

RBCL_F1_(21b) _Forward 

(5′-ACT CCT CAG CTC GGG GTT CCG-3′) (21 mer) 

GC% 66.67 Tm(c) 67.2 Vol for 100pmol/ul 449 

oligo 

SEQ 

RBCL_R1_(20b) _Reverse 

5′-TCC CCA GGA ACG GGC TCG AT-3′) (20 mer) 

GC% 65 Tm(c) 64.6 Vol for 100 pmol/ul 439 
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The amplified fragments from 18S rRNA, gene and RBCL gene were purified and sequenced at MACROGEN sequencing 

company, Seoul, Korea using the automated sequencer ABI 3100 (Applied Biosystems) with Big Dye Terminator Kit v. 3.1 (Applied 

Biosystems). The sequences obtained were edited with Vector NTI Suite 9 software and compared with the NCBI database 

through BLAST searches. In this comparison, sequences of type cultivars most closely related to the sequences of the isolates were 

searched. For the definition of Operational Taxonomic Units (OTUs), a similarity limit of 97% was adopted. 

Detection of PCR products for Inter-simple sequence repeat (ISSR) 

Five primers were utilized for ISSR analyses Tab. 3 PCR was performed, according to (Karapetsi et al., 2021). The PCR 

reaction mixture 25 µL consisted of 1 µL of each primer (forward and reverse), 1 µL of the sample, 12.5 µL master mix, which 

contained (15 mM MgCl2, 1× buffer (Promega), 0.2 mM dNTPs, 1 µL of Taq DNA polymerase (GoTaq, Promega)), and 10.5 dH2O.to 

a volume of 25 µL. PCR amplification was performed in cycles (94°C for 5 mins, 94°C for 1 min, 42°C for 1.5 min, 72°C for 2 mins, 

72°C for 10 mins and 10 °C for ∞). The amplification products were determined by electrophoresis in a 1.5% agarose gel using 

ethidium bromide (0.5 µg/ml) in 1X Tris-Acetate Edita (TAE) buffer at 95 volts. For PCR product size determination, a marker 

CSL-MDNA-100BP DNA ladder RTU (cleaver scientific) was used as a molecular size standard. Gel images were visualized using a 

UV transilluminator and photographed using a Gel Documentation System (BIO-RAD 2000, USA).  

Table 3. List of used primers, their nucleotide sequences, total number of produced bands.  

Analysis of ISSR products 

ISSR products were visualized using agarose gel electrophoresis (1.5% in 1x TAE buffer) and staining with ethidium 

bromide (0.3 ug/ml). Amplicons were visually examined with a UV transilluminator and photographed using a CCD camera (UVP, 

UK). Data scored as (1) for the presence and (0) for the absence of a given fragment, and sizes were estimated by comparison with 

a 100 bp ladder (Promega, USA), using gel works 1D advanced gel documentation system (UVP, UK). Binary data matrices were 

entered into TFPGA (version 1.3) and analyzed using a qualitative routine to generate a similarity coefficient. Dissimilarity 

coefficients were used to construct dendrograms using an unweighted pair group method with arithmetic average (UPGMA) and 

sequential hierarchical and nested clustering (Neighbor-Joining or NJ) routine using NTSYSpc (version 2.10, Exeter software) 

according to (Burgos et al., 2011; Rohlf, 1997; Sabir et al., 2014b; Sneath, 1973).  

Results and Discussion 

Seeds morphology 

Regarding collective action and seed diversity, the results suggested that, as shown in Fig. 1, it could distinguish all 

varieties of maize seeds by shape and colour variance. These features help to discriminate a variety of collected maize seeds. Fig. 1 

Primer no. Primers 
1 17898A 

2 17898B 

3 17899A 

4 17899B 

5 844B 

Sequences 
CAC   ACA   CAC   ACA   AC 

CAC   ACA   CAC   ACA   GT 

CAC   ACA   CAC   ACA   AG 

CAC   ACA   CAC   ACA   GG 

CTC   TCT    CTC    TCT   CTC   TGC 
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shows the variation of 18 varieties of collective maize seeds. It could be seen that the colour is almost yellow. The red colour is due 

to antifungal treatment from its local market. All varieties showed different shapes. Based on shape, we conclude that the 

collective seeds are different. The importance of its shape in seed systems is essential for maintaining seed diversity, and hence a 

precondition for agrobiodiversity conservation, for this to be at the national level in some countries to restrict local seed system 

exchanges (Nature, 2004). However, the legal rights of farmers to save and exchange their local seeds are an essential issue if 

agrobiodiversity conservation is deemed necessary. Policymakers should, therefore, encourage farmers to engage in a relatively 

open exchange of seeds rather than aiming to restrict such flows. 

Figure 1. Diversity image in 18 used varieties of maize seeds and its commercial named. 

Genomic DNA extraction and purification 

The genomic DNA extraction was successfully performed, and the agarose gel electrophoresis was run. The results are 

clearly shown in Fig. 2. The Agarose gel electrophoresis of 18S rRNA of 18 Zea mays  cultivars was successfully performed, and 

perfect results were obtained, as shown in Fig. 3. The sequence length of the 18S for 18 Zea mays  varieties averaged 93 pairs. The 

sequence length from 86 to 98 bases, with no outliers’ values, was noticed in Fig. 4a. The GC content is shown in Fig 4b.  The 

percentage of the GC content averaged 53%, ranging from 52% to 55%. However, only one outlier value was noticed. 
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Figure 2. Agarose gel electrophoresis of genomic DNA extraction of 18 Zea mays cultivars. 

Figure 3. Agarose gel electrophoresis of 18S rRNA of 18 Zea mays cultivars. 

Figure 4. Boxplot for sequence length and GC content of 18S for 18 Zea mays varieties   sequences, where the top and bottom of lines 
represent the maximum and minimum values, the top and bottom of each box represent the first quartile (Q1) and third quartile (Q3) 
where the line inside each box is the median (Second quartile Q2), dots above and below are outlier values. 
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Fig. 5 shows the base frequencies of the 18S for 18 Zea mays  varieties; no significant differences could be noticed. The 

maximum likelihood phylogenetic tree of the 18S for the 18 Zea mays  varieties, along with the heat map, is depicted in Fig. 6. The 

phylogenetic tree consists of two large clades. One clade, the lowest one, comprised seven cultivars distributed in many clusters, 

whereas the upper clade also comprised 11 cultivars distributed in many clusters.  

Figure 5. Base frequencies of 18S for 18 Zea mays varieties. 



 Molecular characterization of genetic diversity and … |238 

Figure 6. Maximum likelihood method phylogenetic tree of 18S for 18 Zea mays varieties along with heat map. 

We concluded from the tree that genetics can play a role in influencing mycorrhizal responsiveness, but it is only 

consistent for some varieties. So, that means there was not a strong selection with the breeding program.  But this analysis also 

proved that our cultivars were pure without contamination as the bands appeared quite clearly when the gel electrophoresis was 

done, which strongly indicates that all cultivars were pure Zea mays.  The phylogenetic tree consists of two large clades. The upper 

clade comprised 11 varieties.  Cultivars no. 17 and 18 were related to each other in the genetic relationship and had no 

responsiveness. Correspondingly, the cultivars no. 16 and 6 had the same results. The rest of the cultivars were different in terms 

of genetic relationships and responsiveness. The lower clade showed a correlation between the genetic relationship and the 

mycorrhizal responsiveness in cultivars no. 5 and 12, where the responsiveness was significantly high. The exciting result 

appeared in cultivars no. 8 and 10, where the genetic origin was similar, but the responsiveness differed. 

RBCL phylogeny relationship  

The Agarose gel electrophoresis of RBCL of 18 Zea mays  cultivars was successfully performed, and perfect results were 

obtained, as shown in Fig. 7. The sequence length of the 18 RBLC sequences averaged 107 bases from 100 to 111 bases. Fig. 8a 

shows the presence of an outlier of 100 bases. Fig. 8b shows the GC content of the 18 RBLC sequences. The percentage of GC 

content averaged 48%, ranging from 45 to 50%. Again, outlier values are noticed in GC content. The phylogenetic tree consists of 

two large clades. Each clade comprised nine varieties. However, the upper clade consists of two clusters. It is also noticeable that 

the lower clade has no branches at all; the lower clade, which contains genetically closely related varieties no. 2, 15, 7, 16, 12, 10, 9, 5 

and 8 showed a discrepancy in the mycorrhizal responsiveness, whereases most of them responded, and few did not. It was clear 

that no. 8 was negatively responsive, with an average (of- 0.7).  
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Figure 7. Agarose gel electrophoresis of RBCL for 18 Zea mays varieties. 

Figure 8. Boxplot for sequence length and GC content of 18 RBCL sequences, where the top and bottom of lines represent the maximum 
and minimum values, the top and bottom of each box represent the first quartile (Q1) and third quartile (Q3) where the line inside each 
box is the median (second quartile Q2), dots above and below are outlier values. 

The upper clade, which included varieties no. 14, 3 ,4, 17, 6, 1, 11, 13 and 18, presented different mycorrhizal responsiveness, 

where most of them did not respond, and only three responded in various ways. Number 3 was the most responsive at all, with an 

average of (1.9845), which is indicative of an even closer evolutionary relationship among members of this clade. Fig. 9 shows the 

base frequencies of RBCL for 18 Zea m ays  varieties.  No noticeable difference was in base frequencies. Fig. 10 shows the 

maximum likelihood phylogenetic tree of RBCL for 18 Zea mays  varieties, along with a heat map. The phylogenetic tree generally 

has short branches, reflecting a very close evolutionary relationship among all the RBCL for 18 Zea mays  varieties. 



 Molecular characterization of genetic diversity and … |240 

Figure 9. Base frequencies of RBCL for 18 Zea mays varieties. 
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Figure 10. Maximum likelihood method phylogenetic tree of RBCL for 18 Zea mays varieties along with heat map. 

The RBCL present in maize and our results using this gene showed that the genetic origin was very close to these cultivars 

in almost the first clade, and the other clade also showed affinity but not to the same degree of convergence in the first clade. We 

concluded from this tree that the response varies by genetic type according to the evolutionary relationship. For example, 

varieties from the same clade were considered similar and genetically close. Still, in terms of response, it varied between 

significant responsive, non-responsive, and low significant responsive, and what is exciting and surprising here is cultivar no. 8, 

where it was negative response despite the response of most of the varieties in the same clade, and this may be due to the 

breeding programs that affect some traits in plants, including the trait of responding to form colonization with the AMF or 

perhaps there were exceptional circumstances in terms of storage or cultivating this cultivar. That proved that the colonization 

was not affected by the genetic origin of the plant.  

Molecular approaches based on DNA sequencing technology have been effectively established for exploring the 

phylogenetic relationships and classifications of unknown species of living organisms. A molecular technique using RBCL 

sequencing can be used to identify the phylogenetic and systematic analysis of Zea mays.  We demonstrated that species-level 

identification is possible, and RBCL analysis yields a phylogenetic tree for these Zea mays  cultivars (Wongsawad & 

Peerapornpisal, 2014). 

ISSR fingerprint phylogeny relationship 

The agarose gel electrophoresis of the five primers of ISSR of the 18 Zea mays  cultivars and the phylogenetic trees were 

presented in (Fig. 11-20). The agarose gel electrophoresis was successfully performed, and the results were precise. In primer one 

(Fig. 11, 12), the results showed that the most closely related cultivars were no. (2,3) and (17,18), then (4,6), (9,10), (5,12), (8,14), 

(15,17). And we observed that (17,18) were similar in that there was no mycorrhizal responsiveness effect. While (5,12) were similar 
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in the mycorrhizal responsiveness significant effect. However, despite their closeness, (8,14) were different in their response to 

the mycorrhizal responsiveness effects. In primer two, the results showed that the cultivars most closely related were no. (7,12), 

(1,5, 8,9,15) and (17,18). The results showed that cultivars no (17,18) were similar because there was no mycorrhizal responsiveness 

effect. While the cultivars no. (1,5,8,9,15) and (17,18) showed a difference in mycorrhizal responsiveness effects. We were 

interested in the results in primer 3, which presented the most similarities and affinities between the varieties. Since the cultivar 

no. 15 was added to no. (17,18), and they showed no mycorrhizal responsiveness effect. While the cultivars no. (1,13,16) showed a 

difference in their mycorrhizal responsiveness effects. Similar cultivars were increased, as we found in cultivars no. 

(2,3,6,7,8,9,10) with a variance in the mycorrhizal responsiveness effect. 

The results in primer 4 (Fig. 17 and Fig. 18), showed affinity between the cultivars no. (14,15,16,17,18) and (1,8,10,11) with a 

variance in the mycorrhizal responsiveness effect. The last primer 5 (Fig. 19 and Fig. 20), showed interesting results between two 

genetically similar cultivars no. (3,4) where cultivar No.3 showed the most significant mycorrhizal responsiveness effect while 

cultivar no. 4 showed no mycorrhizal responsiveness effect. And there was a convergence between the cultivars no. (9,10) with 

significant mycorrhizal responsiveness effect. While the cultivars no. (5,7,12,13) and no. (16,17,18) showed a variance in the 

mycorrhizal responsiveness effect despite the genetic affinity.  

Figure 11. PCR amplification profile of 18 Zea mays cultivars using (17898A) primer. 
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Figure 12. ISSR Phylogenetic tree of 18 Zea mays cultivars using (17898A) primer. 

 

Figure 13. PCR amplification profile of 18 Zea mays cultivars using (17898B) primer. 
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Figure 14. ISSR Phylogenetic tree of 18 Zea mays cultivars using (17898B) primer. 

 

Figure 15. PCR amplification profile of 18 Zea mays cultivars using (17899A) primer. 
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Figure 16. ISSR Phylogenetic tree of 18 Zea mays cultivars using (17899A) primer. 

 
Figure 17. PCR amplification profile of 18 Zea mays cultivars using (17899B) primer. 
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Figure 18. ISSR Phylogenetic tree of 18 Zea mays cultivars using (17899B) primer. 
 

 

Figure 19. PCR amplification profile of 18 Zea mays cultivars using (844B) primer. 
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Figure 20. ISSR Phylogenetic tree of 18 Zea mays cultivars using (844B) primer. 
 

The data extracted from the ISSR analysis indicated that the differences between the cultivars noted the evolution of the 

cultivars over the years, which means that the breed is stable. ISSR-PCR analysis of 18 samples of Zea mays  cultivars showed that 

ISSR-primers used (17898A, 17898B, 17899A, 17899B and 844B) were suitable and successfully produced polymorphic DNA bands 

pattern, representing the high genetic diversity of the samples. However, samples from several populations have a low genetic 

distance. The trees divided the samples into many clusters. However, some populations showed a close genetic relationship, and 

the remainder did not, indicating the absence of geographical influence, and these results were supported by (Uslan & Nur 

Jannah, 2020). The results showed that ISSR markers may be utilized efficiently to quickly access the genetic variation in maize 

germplasm. In selecting the accessions for establishing a germplasm bank for the maize landscape and for developing a breeding 

program, information on genetic comparison and similarity will be helpful (Allier et al., 2020). 

The tested responsiveness was similar in the cultivars in the lower clade in the phylogenetic tree of RBLC, which were also 

genetically very closed. This indicates that the evolutionary relationship can affect the plant's response to symbiosis with AMF. 

Still, in some clades, we found no relationship between the genetic origin and the responsiveness. We concluded from the 18S and 

RBCL that the effect on the responsiveness to the region in the RBCL is more than the effect on the region's response in the 18S. A 

common observation in the 18S and RBCL phylogenetic trees was that cultivar no. 8 was negatively responding despite the close 

genetic ancestry of this cultivar with others that were highly responsive. Also, that was observed in all primers of the ISSR 

analysis, except primer 5, which showed that cultivar no. 8 was genetically far from the responding cultivars, and here is an 

indication that the genetic origin may affect the response in the case of primer 5, but that differed in primer 5 in ISSR, it was the 

only case that the negatively responding cultivar was far away from the positively or neutral responding cultivars, but that cannot 

be a strong indicator that the mycorrhizal responsiveness linked to genetic origin. 

An analysis of the ISSR markers separated the Zea m ays  cultivars into many clusters. This result corresponds to the cluster 
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analysis of the 18S and RBCL genes but with fewer differences in the sister clusters.  Such a high variation in the number of 

fragments produced by these primers may be attributed to the differences in the binding site throughout the genotype's genome. 

Ajibade et al. reported that they found the generation of the ISSR fragments ranging from 4 to 12 markers in Vigna and eight 

markers in Phaseolus vulgaris. The distribution of the different microsatellite sequences in different living genomes determined 

the possibility of using this method for DNA fingerprinting. This indicates that the ISSR marker is applicable in assessing 

molecular relativity among species of Zea mays.  

In crop development, genetic diversity is a significant determinant of germplasm efficiency. A population with a high level 

of genetic variety is an excellent resource for widening the genetic basis in any breeding program. The genetic variations 

discovered in some of the landraces were relatively narrow, which could have come from the species' long agricultural history as 

an adaptation to local agro-climatic conditions and could be related to a restricted genetic base (Seehalak et al., 2006). Porter & 

Sachs, (2020) suggested that due to randomized genetic processes such as drift and increased breeding in agriculture, alleles that 

disrupt symbiosis accumulate, and specific alleles can disappear. Because selection does not oppose them, the lack of selection on 

symbiosis traits in agriculture accumulates randomly for alleles that disrupt symbiosis. Hetrick et al., (1992) discovered a 

significant genetic difference in colonization level between species. However, the variance in AM colonization among genotypes 

of each plant species and the variables that determine genetic variation still need to be thoroughly understood; even though the 

variation and factors are crucial components for analysing and optimising AM symbiosis. Likewise, An et al., (2010) clarified that 

maize germplasms may help to explain how AM colonization changes with plant genotype and may provide knowledge that can be 

used to construct sustainable agroecosystems.  

Furthermore, Toth et al., (1990) suggested that colonization decreased for disease-resistant lines relative to susceptible 

lines in 13 maize Zea mays  inbred lines. These previous findings indicate that plant breeding programs influence AM colonization; 

however, the data analyzed in these studies were obtained by assessing a limited number and range of plant genotypes and cannot 

be used to determine conclusively if and how colonization varies in response to breeding programs. McCouch, (2004) recorded 

that Natural genetic diversity is a critical source for developing desirable traits in plant breeding programs. However, genetic 

heterogeneity in AM colonization was influenced by development stage and cropping year, thus, great attention must be used 

when selecting such locations and genotypes (An et al., 2010). While mycorrhizal responsiveness is a heritage trait, it has not been 

considered to be a trait in breeding P-efficient crops (Kaeppler et al., 2000; Kapulnik & Kushnir, 1991). Mycorrhizal colonization 

made the most significant contribution to the first principal component of high-P soil among all mycorrhizal traits in the study 

genotypes of maize. This resembles the previous research (An et al., 2010), in which AM colonization of the maize was linked to 

the release year, and modern hybrids displayed substantially higher values than inbred lines and older landraces.  

In general, modern agriculture faces the challenge of increasing food production in times of declines in agricultural land 

and rapid depletion of phosphate rock supplies (Gilbert, 2009). Attempts at improving the P nutrition of plants have led to 

variable results by adding the AMF in fields (Lekberg et al., 2008). Since AMF in agricultural soil and commonly colonize crop 

plants is ubiquitous, a better approach to improving the efficiency of P uptake may be to breed intensely reacting crop varieties to 

indigenous AMF. The results of this study show that the percentage of the colonized root length may be an essential parameter for 

breeding varieties with increased mycorrhizal response in the presence of productive AMF. Li et al., (2021) clarified that although 

modest trends occur, the notion that modern top maize varieties have lost advantageous features for nutrient uptake is 
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unsubstantiated for the entire pool of maize. Lines linked with improved P-acquisition efficiency in limited P availability should 

be used to breed more sustainable cultivars. Hohmann & Messmer, (2017) clarified that there was no significant correlation 

between mycorrhizal responsiveness and mycorrhization; there were also several more studies which showed that there was no 

positive correlation between mycorrhization and mycorrhizal responsiveness by biomass, P in the shoot, or grain yield (Kaeppler 

et al., 2000a; Leiser et al., 2016; Smith & Smith, 2012). 

The population of genetic variation for mycorrhizal responsiveness that can be attributed to differences in plant-microbe 

interaction vs.  the population that can be attributed to the P test level is an essential issue in interpreting study results that agreed 

with (Kaeppler et al., 2000) and that is they can be a degree to which a genotype can respond. Plant genetic diversity was 

determined using RBCL gene sequences as a core plant DNA barcoding marker (Kesanakurti et al., 2011).  We found that RBCL 

will be very useful for barcoding Zea mays  that grow in Saudi Arabia. The genetic diversity found in this study is a resource that 

may be leveraged to conduct hybrid breeding successfully. This study found that employing ISSR markers to characterize 

genotypes molecularly is an effective method. (Júnior, 2011) discovered genetic diversity among maize genotypes using 15 ISSR 

primers and amplified 266 bands, 228 (88.9%) of which were polymorphic. Similarly, (Najaphy et al., (2012) used ISSR markers to 

evaluate genetic diversity in wheat genotypes and detected adequate polymorphisms and reproducible fingerprint profiles.  

People are familiar with the relationship between plants and microbes and its benefits. This relationship is nutritional and 

is important in modern agriculture systems. It will be necessary for future facilities. However, people have forgotten and ignored 

that these symbioses reprogram the biochemistry of the entire plant, not just the root system. Our data shows that the presence of 

mycorrhizas completely alters the entire plant. The signals generated by the shoot and root, both above and underground, could 

be key in suppressing disease sustainability. 

 

Conclusion 
The results we found in the trees contradict our hypothesis. The results showed that the clades sometimes had different 

mycorrhizal responses, suggesting that there is no strong selection pressure against mycorrhization. This also implies that 

mycorrhizal responsiveness is not strongly selected for, and non-mycorrhizal cultivars may have developed due to genetic drift.  

The reason they are not selected is that they still perform well in the high-input agricultural systems prevalent across the Arabian 

Peninsula. 

The maize plant has a vast range of genetic diversity, which presents great opportunities for genetic improvement despite 

the challenges mentioned earlier. ISSR markers have shown varying abilities in distinguishing between individuals and detecting 

genetic variations. The use of ISSR molecular markers in molecular methods has proven to be effective in quickly identifying 

different commercial maize seed varieties. This discovery provides enough variation to distinguish between maize cultivars from 

Saudi Arabia, which can be valuable for future maize breeding programs and research analysis.  
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