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Igdir ilinde Yetistiriciligi Yapilan Bazi Misir (Zea mays L.) Genotiplerinin Molekiiler Karakterizasyonu

Gizem CEVIK?, Baris EREN?"

One Cikanlar: OZET:
+ Filogenetik . 9 oy . . .
. iPBS Retrotranspozonlara dayali primerler arasi baglanma bolgesi veya iPBS retrotranspozon belirtegleri,

cok sayida organizmada genetik ¢esitliligin belirlenmesinde yararli olmustur. DNA'y1 izole etmek i¢in
CTAB teknigi kullanilmis ve genetik cesitlilik ¢caligmalar1 yapmak i¢in iPBS molekiiler belirtecleri
kullanilmistir. Analizlerin bulgularina goére, genotipler %100 polimorfik lokus ylizdesi ile onemli
derecede genetik cesitlilik sergilemistir. 12 IPBS markéri ile yiiriitilen molekiiler tanimlama
deneyleri sonucunda toplam 154 polimorfik bant {iretilmistir. Tipik polimorfizm oran1 %100 olarak
belirlenmistir. Ayrica, c¢aligmada incelenen tiim markorlerin gen g¢esitliligini 6lgen ortalama
polimorfizm (PIC) degeri 0,228 ve ortalama H degeri 0,274 olarak belirlenmistir. DICE benzerlik
katsayilar1 karsilastirildiginda, 1 ve 14 numarali genotipler 0,1600 katsay1 degeri ile en diisiik
benzerlik oranini sergilemistir. Bu sonuglar, orneklerin DICE benzerlik katsayilarinin
karsilagtirilmasiyla elde edilmistir. Analiz, 4 ve 3 numarali genotipler arasindaki en biiyiik benzerlik
degerinin 0.6747 oldugunu belirledi. Misir genotipleri dort farkli alt popiilasyon olarak
siniflandirilmistir. Genotipler, bir popiilasyonun molekiiler ¢esitliligini géstermek amaciyla {ireme
aragtirmalar1 igin gelistirilebilir. IPBS molekiiler markodrlerinin misir ¢esitlerinde genetik ve
filogenetik analizler i¢in uygun genetik araglar oldugu belirlenmistir. Bu sonuca yukarida
bahsedilenlerin bir sonucu olarak ulasilmistir. Elde edilen veriler, gelecekte misir genetigi alanina
bilimsel bir temel ve degerli bir katki olarak hizmet edecektir.

Anahtar Kelimeler:
*  Molekiiler markor
e Misir

e Zeamays L.
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Highlights: ABSTRACT:
» Phylogenetics . T .
. iPBS Inter-primer binding site markers based on retrotransposons or iPBS retrotransposon markers have

been useful in determining genetic diversity in a large number of organisms. The CTAB technique

%Iar marker was employed to isolate DNA, and iPBS molecular markers were employed to conduct genetic
. Maize diversity studies. Based on the analyses' findings, the genotypes exhibited a significant degree of

genetic diversity, with a 100% polymorphic locus percentage. A total of 154 polymorphic bands were
generated as a consequence of molecular identification experiments conducted with 12 IPBS markers.
The typical polymorphism rate was determined to be 100%. Additionally, the average polymorphism
(PIC) value, which quantifies the gene diversity of all markers examined in the study, was 0.228, and
the average H value was 0.274. The genotypes 1 and 14 exhibited the lowest similarity ratio, with a
coefficient value of 0.1600, when the DICE similarity coefficients were compared. These results were
derived by comparing the DICE similarity coefficients of the samples. The analysis determined that
the greatest similarity value between genotypes 4 and 3 was 0.6747. Maize genotypes are classified
into four distinct subpopulations. Genotypes can be developed for reproductive research in order to
demonstrate the molecular diversity of a population. It was determined that IPBS molecular markers
are appropriate genetic instruments for genetic and phylogenetic analyses in maize varieties. This
conclusion was attained as a consequence of the aforementioned. The data that is gathered will serve
as a scientific foundation and a valuable contribution to the field of maize genetics in the future.
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INTRODUCTION

Maize is a plant that grows in warm climates and has significant economic value (Keskin et al.,
2018). It is cultivated worldwide due to its excellent adaptability and wide diversity. In addition to its
use in human and animal nutrition, maize has a wide range of uses as raw material in industry, and its
use in biofuel production is increasing. Maize, the third most important crop in Turkey and the second
most important crop in the world in terms of cultivated area, is the third most important grain crop in
our country after wheat and barley (Keskin et al., 2017a). Grain maize is widely used in nutrition due to
its great importance in terms of the nutrients it contains. Maize is mostly grown as a primary or secondary
crop in the southern and south-western regions of Turkey. Compared to other cereals, maize is used
more in industry, although its use in agricultural environments is increasing daily. It is widely used in
the nutrition of both humans and animals (Keskin et al., 2018). The maize plant is constantly evolving
as a result of its high unit area grain yield, many hybrid variations, breeding methods, and high yield
(Keskin et al., 2017b).

To increase yield in maize cultivation, in addition to the cultural activities generally used, it is also
essential to use the appropriate seed for the conditions of the region. In many parts of the world, reaching
the desired yield levels is impossible because it is not possible to select the appropriate genotype that
impacts cereal production (Demir, 2016). Extensive research will be required in the region to select the
right variety. Today, the agricultural sector is responsible for feeding an increasing population. To
overcome this responsibility and ensure sustainable food production, a deeper understanding of plant
genetic resources is needed. In this context, Zea mays (maize) stands out as an important cereal and
industrial crop worldwide (Sakiroglu, 2010). Maize plays a key role in meeting nutritional needs and is
a basic material for bioenergy production and industrial uses.

The DNA molecule’s encoding and transmission to subsequent generations form the basis of
genetic diversity. Hughes et al. (2008) state that new species emerge when there are changes in the
structure of DNA. These changes in DNA, both within and between species, have an impact on the
functioning of our ecosystem. Genetic diversity is essential for the adaptation of life. Variations in DNA
allow organisms to adapt to new conditions and survive. There is a direct relevance here to agriculture
because these variations, which arise from the coding of some important genes, confer desirable traits to
offspring, such as increased seed hardiness, plant robustness, and stability (Bruford et al., 2016).

The genetic characterization of maize plays an important role in the development of plant breeding,
agricultural biotechnology, and sustainable agricultural practices. Technological advances in the field of
molecular biology and genetics allow us to understand the genetic structure of maize in more detail and
to improve important traits of this plant, such as adaptation, disease resistance, and yield increase (Eren
et al.,, 2023a). Compared to characterizing an organism using DNA markers, morphological
characterization has a more significant number of disadvantages. For example, the environment can
sometimes influence the organism's characteristics, and waiting for the entire growth period to classify
is both a time-consuming and significantly more costly procedure (Jonah et al., 2011).

The polymerase chain reaction, also known as PCR (Polymerase Chain Reaction), is an enzymatic
technique that analyses a specific site between two sections of known sequence in DNA. Primers are an
initiator DNA technology created based on the polymerase chain reaction (PCR). These molecules,
known as initiator DNA, are characterized by specific sequences and can be produced synthetically (Eren
et al., 2023b). Among these methods, the most commonly used are RFLP (restriction fragment length
polymorphism), RAPD (random amplified polymorphic DNA), AFLP (amplified fragment length
polymorphisms), SSR (simple sequence repeats), and SNP (single nucleotide polymorphism) (Bark and
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Havey, 1995; Kantety et al., 1995; Hajj-Moussa et al., 1996; Comertpay et al., 2012; Kharb, 2016; Celik
and Aydin, 2023; Aydin, 2024). These methodologies determine the degree of genetic relatedness
between and within species in a wide range of plant and animal species (Eren et al., 2023a).

In recent years, microsatellite markers have become more popular as they provide both more
comprehensive and precise information and are considered to be relatively easy to implement (Tiirkoglu
et al., 2023a; Aydin, 2023). Consisting of consecutive repeats of two or more nucleotide sequences in
different areas of the genome, microsatellites have the ability to transmit information about the
population in both directions (Gupta and Rustgi, 2004). Breeding efforts can be guided by estimating
both genetic distance and degree of homozygosity (Kemp et al., 1993). Thanks to these technologies that
accelerate the breeding process, some time is required to examine and evaluate the accessible material
(Remya et al., 2010). This method ensures that every aspect of the research project can be carried out in
an organized manner. Universal markers are cost-effective and high-throughput and depend on tRNA's
presence as a reverse transcriptase primer binding site (Kalendar et al. 2010; Nadeem et al. 2018). In
contrast, retrotransposon-based inter-primer binding site (iPBS) markers have several advantages over
other retrotransposon markers (Andeden et al., 2013; Baloch et al., 2015a, 2015b; Shirmohammadli et
al., 2018). In agriculture, the iPBS-retrotransposon marker system has been applied in many crops
(Kocak et al., 2023).

Studying the genetic structure of maize (Zea mays) using molecular characterization methods
provides detailed information on the genetic diversity, gene expression and genetic regulation
mechanisms of this plant, allowing the development of strategies for disease resistance, adaptation to
environmental stress conditions and increasing agricultural productivity. In this process, the use of
retrotransposon-based marker systems, especially iPBS (inter-priming binding site) markers, can reveal
the diversity in the genetic structure of maize plants more accurately and comprehensively.

The aim of this study was to characterize the genetic structure of maize plant in detail by modern
molecular biotechnology techniques, especially retrotransposon-based iPBS marker systems. The study
aims to examine genetic diversity, genetic affinities and potentially important agronomic traits in maize.
This characterization aims to contribute to sustainable agricultural practices by providing basic
information for the development of disease resistant, resistant to environmental stresses and high
yielding maize varieties. In addition, in the light of the genetic data obtained, it will contribute to making
more informed decisions on the selection of suitable genotypes in the regions where maize is grown.

MATERIALS AND METHODS

The study used maize varieties cultivated in Igdir ecological conditions as plant material. The
maize variety names and companies used in the study are given (Table 1).

DNA Isolation
DNA isolation was performed by modifying the CTAB (Cetyltrimethylammonium bromide)
protocol of Saghai-Maroof et al. (1984). By the applied DNA isolation protocol, 100 mg leaf sample
was crushed in an eppendorf tube using liquid nitrogen in a tissue disintegrator device. 900 ul CTAB
buffer was added and vortexed for 1-2 min for mixing. 4 pl RNase solution and 4 pul ProteinaseK solution
were added, gently mixed, and incubated at 370C for 15 minutes. The eppendorf tubes were then kept
in a water bath at 650C for 1 hour while the eppendorf tubes were mixed every 15 minutes. After
incubation, the samples were kept at room temperature for 5 min. Then, 900 pl of
chloroform:isoamylalcohol (24:1) (v/v) mixture was added and mixed very slowly for 10 min to prevent
damage to DNA. After centrifugation at 14,000 rpm for 15 min, the supernatant was taken into a clean
ependorfa (Hossein-Pour et al., 2019; Demirel et al., 2023; Tiirkoglu et al., 2023b).
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Table 1. Variety and company names of maize seeds used

Genotipler Tohum Cesidi Firma Tohum Cesidi Firma
G1 30B74 Pioneer
G2 KVS Wario
G3 P2088 Pioneer
G4 P2105 Pioneer
G5 75 MAY 75 May
G6 SYBAMBUS Sygenta
G7 P1884 Pioneer
G8 SYGLADIUS Sygenta
G9 P0937 Pioneer
G10 PR31Y43 Pioneer
Gl1 PR31698 Pioneer
G12 P1551 Pioneer
G13 P1332 Pioneer
Gl14 P1884 Pioneer
G15 P2085 Pioneer

The maize genotypes to be used in the research were identified by performing the following stages
of marker analyses to determine the genetic diversity.

Spectrophotometric Measurement of DNA Quantity

The amounts of DNA isolated and purity determined by agarose gel electrophoresis were measured
by the Qubit ® 2.0 (Fluorometer, INVITROGEN) device for double-stranded DNAs. Stock DNAs
isolated according to the purity image and quality analysis were diluted to a stock concentration of 5 ng/
ul for PCR reactions.

Identification of Primers with High Reliability and Polymorphism

Although the primers available in the literature are well described and published by the researcher,
it is necessary to determine reliable primers before the study. For these reasons, in the first stage, a
certain number of primers were selected, and the reliability and polymorphism status of the primers were
tested by amplifying the DNA of 15 genotypes representing the population and running them on agarose
gel. In selecting molecular markers to be used in the preliminary study, it is important that they have
high polymorphism levels, are evenly distributed on the maize genome, do not show null alleles, and are
reliable and reproducible. In this study, among the selected primer pairs, the primers that were robust
and formed bright bands in agarose gel in 15 genotypes and showed high polymorphism were selected
and used in population molecular analyses. Polymerase Chain Reaction (PCR) components of molecular
markers used in the study were 7.8 ul dH20, 1 pl primer (0.6 mM), 1. 5 ul 10X PCR buffer (750 mM
Tris-HCI pH 8.8, 200 mM (NH4)2S04, 0.1% (v/v) Tween-20), 1.5 ul MgCI2 (25 mM), 1.5 ul ANTP (2
mM each ANTP (dATP, dGTP, dCTP and dTTP)), 0. 2 ul Taqg DNA polymerase (5 U/ul) and 1.5 pl
DNA (20 ng/ul) for a total volume of 15 pl and the resulting bands were visualized under ultraviolet
light after agarose gel electrophoresis (Hossein-Pour et al., 2019; Demirel et al., 2024).

Agarose Gel Electrophoresis
To prepare the 1% agarose gel, agarose, 1X Tris-Acetic Acid-EDTA (TAE) buffer and
SafeView™ Classic (G108, ABM) were added at the rate of 10ul per 100 ml of agarose solution for gel
staining. The gel was then poured into electrophoresis cassettes, combs were attached and the gel was
prepared for loading after polymerisation. Then 2 pl of the isolated samples were taken and 8 pl of
ultrapure water (UP) and 2 pl of bromine phenol blue were added. This mixture was loaded into the
wells using a micropipette. In the first well, 2 pl of 1kb (DNA ladder, Fermentas GeneRuler TM) was
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placed. Electrophoresis was carried out for two hours at 60 Volt voltage and 400 mA current. After
electrophoresis, the samples were visualised under ultraviolet (UV) light with G-box (SYNGENE, USA)
imaging system and transferred to computer (Kumlay et al., 2021).

Table 2. Information about the iPBS marker used in genomic analyses

No Primer Ad1 Sekanslar 5°--3° (°cO)
1 IPBS-2074 GCTCTGATACCA 40.5
2 IPBS-2231 ACTTGGATGCTGATACCA 52.9
3 IPBS-2221 ACCTAGCTCACGATGCCA 58

4 IPBS-2273 GCTCATCATGCCA 47.6
5 IPBS-2298 AGAAGAGCTCTGATACCA 51.6
6 IPBS-2390 GCAACAACCCCA 47.6
7 IPBS-2219 GAACTTATGCCGATACCA 51.5
8 IPBS-2271 GGCTCGGATGCCA 54.3
9 IPBS-2376 TAGATGGCACCA 43.1
10 IPBS-2087 GCAATGGAACCA 43.5
11 IPBS-2077 CTCACGATGCCA 46.1
12 IPBS-2228 CATTGGCTCTTGATACCA 51.9

Molecular Data Analysis

DNA bands observed under the sonar ultraviolet after being running in agaroz gel electrophoresis
after the PCR procedure were coded as "1" in case of tape, and "0" in case of lack of tape and data files
were created. Polymorphism rates of molecular markers were obtained as a result of multiplying the total
number of polymorphic bands obtained from primaries by dividing the total number of bands by 100.
The DNA data obtained were analyzed using NTSYS (Numeric Taxonomy Multivaria Analysis System,
NTSYS-PC Version 2.1, Exeter Software, Setauket, N.Y., USA) package program (Rohlf, 2000). Using
this program, the similarity indexes between the populations were calculated first (Dice, 1945) and the
similarity index was created with the UPGMA method.

RESULTS AND DISCUSSION

Genomic Analysis and Genetic Diversity

Molecular characterization experiments were performed using PCR-based IPBS markers on fifteen
different registered corn genotypes to determine the genetic differences between Egyptian genotypes.
15 IPBS markers used in the molecular study of the Egyptian genotype found a polymorphism
(difference). The band profiles produced from IPBS markers used in molecular analysis are shown in
Table 3 with the diversity values of the markers.
Table 3. Characterization Results of IPBS markers in corn genotypes

Bant Sayilari Cesitlilik

No Primer Ad1 °C Top.Bant  Polimorfik Bant P % H PIC
1 IPBS-2074 40.5 11 11 100 0.276 0.229
2 IPBS-2231 52.9 19 19 100 0.201 0.176
3 IPBS-2221 58 4 4 100 0.240 0.204
4 IPBS-2273 47.6 20 20 100 0.306 0.250
5 IPBS-2298 51.6 9 9 100 0.282 0.236
6 IPBS-2390 47.6 16 16 100 0.260 0.220
7 IPBS-2219 51.5 16 16 100 0.286 0.236
8 IPBS-2271 54.3 12 12 100 0.298 0.244
9 IPBS-2376 43.1 7 7 100 0.257 0.215
10 IPBS-2087 43.5 17 17 100 0.274 0.226
11 IPBS-2077 46.1 12 12 100 0.274 0.231
12 IPBS-2228 51.9 11 11 100 0.339 0.273
Toplam 154 154

Ortalama 12.83 12.83 100 0.274 0.228

°C: attachment temperature, P%: Polymorphism, H: Gene Diversity, PIC: Polymorphism Information Content
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Among the 12 IPBS markers used, the total number of bands per marker was the lowest marker,
the IPBS-2221 Marker. Marker, which has the highest number of bands, was Marker with IPBS-2273
with a 100 %polymorphism rate. On the other hand, the number of polymorphic bands was 154, and the
total number of bands obtained from corn genotypes was 154. Markor 4 and IPBS-2221 marker with the
minimum number of polymorphic bands. On the other hand, IPBS-2273 markers have the highest
number of polymorphic bands with 20 pieces. According to the findings, the average number of
polymorphic bands in each marker was 12.83.

Molecular identification was made using 12 IPBS markers, and the results showed that a total of
154 polymorphic bands were produced. The average polymorphism rate was 100 %. In addition, the
average polymorphism (PIC) representing the gene diversity of all markers examined in the study was
0.228, and the average h value was 0.274. It was determined that H (gene diversity) obtained for each
marker used is between 0,201-0,339. The lowest H value was obtained in the Markor with 0,201 and
IPBS-2231 and the highest H in IPBS-2228 with 0.339 and 0.339.

Definition of Corn genotypes

As part of the study, molecular identification was performed on 15 corn genotypes using 12 IPBS
markers. In the Excel table, every collected band is considered as '1' and '0" if unavailable. Data Analysis
was performed with the help of the NTSYSPC 2.11F program. o analyze the IPBS DNA data of Egyptian
gents, the DICE technique was used to calculate similarity coefficients (Fig 2). It has been found that
genotypes have an average of 0.43 DICE similarity coefficients. When the genotypes of genotypes were
compared with the ex -similarity coefficients, it was found that the number 1 and 14 has the lowest level
of similarity with the 0.1600 coefficient value. In the comparison of genotype 4 and 3, the highest
similarity coefficient was found to be 0,6747.

Figure 1. DNA profiles of IPBS-2273, IPBS-2376 markers

his study, a cluster analysis was performed on 15 different maize genotypes using the UPGMA
technique and the DICE similarity index. The dendrogram was used as the basis for constructing an
ultrametric similarity matrix using the study's findings. The Mantel test was performed using the DICE
similarity matrix (Mantel, 1967). The correlation coefficient value was found to be r=0.79891 in fifteen
different maize genotypes, as shown by the collected data.

Principal component analysis was performed on maize samples using NTSYS software. Principal
component analysis was used to determine the genetic diversity among genotypes. As a result of the
PCA (Principle Component) study, a two-dimensional graphic was created. The findings obtained from
STRUCTURE software were used to visualize individual genotypes in two-dimensional space
(Sakiroglu et al., 2010). In the dendrogram, it is seen that the degree of separation between Group 1 and
Group 2 is 0.29, which shows that the similarity rate between the two groups is quite low. The fact that
there is a comparable situation with this situation indicates that it is located at a distant point in the three-
dimensional graphic. While this situation continues, subgroup 1 is divided into subgroups, 3 and 4. It is
seen that subgroup 3, which has a similarity rate of approximately 0.39, is divided into two other groups,
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5and 6, and is positioned differently from the groups showing clustering in the two-dimensional graphic.
Subgroup 4 is divided into subgroups 7 and 8 among itself. Subgroups 7 and 8 are separated from each
other with a similarity ratio of 0.45. When all groups are examined, it is determined that the highest
clustering occurs in subgroups 7 and 8. When the dendrogram findings are compared with the PCA
(Principal Component Analysis) analysis results, it is seen that the genotypes are positioned in a
comparable manner, and consistent results are obtained. All Eigenvalues are calculated with the help of
NTSYS software (Table 4.5). After the Principal Component analysis (PCA) is performed, the total
eigenvalues of the two and three-dimensional first principal components are found to be 66.67. This is
the result of the Principal Component Analysis. It can be seen that 66.67 percent of the general variance
Is represented by the sum of the eigenvalues of the first three main components.
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Figure 2. UPGMA dendrogram of 12 markers
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Table 4. Eigen values of the first three main components

Anabilesenler Eigen Degeri Yiizdeleri Eklemeli Toplamlar:
1. 6.97 46.52 46.52
2. 0.99 6.61 60.88
3. 0.86 5.78 66.67
4 el

Gl .-

Figure 3. Two-dimensional dendrogram obtained by principal component analysis
CONCLUSION

In the molecular identification study obtained with 12 IPBS markers, a total of 154 polymorphic
bands were obtained. The average polymorphic band number was determined as 100%. In the study, the
average H (genetic diversity) value of all markers was obtained as 0.274 and the average polymorphism
(PIC) value was 0.228. The DICE similarity coefficient of maize genotypes was determined as 0.43 on
average. In addition, the correlation coefficient (r) was determined as 0.79891. When the DICE similarity
coefficient of genotypes was compared, it was revealed that the lowest similarity level was between
genotypes 1 and 14 with a coefficient value of 0.1600. In the comparison of genotypes 4 and 3, the
highest similarity coefficient was found as 0.6747. The obtained data result was determined to be 4
subgroups and the highest clustering was in subgroups 7 and 8. Filiz et al. (2024) In their study, the
highest polymorphism rate was obtained as 100% in the molecular identification made in 10 corn plants.
The total number of polymorphic bands was determined as 75, and the average H value was determined
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as 0.26. Baran et al. (2022) aimed to determine the genetic diversity and population structure in 32 corn
genotypes in a study they conducted. While the average polymorphism rate obtained was 100%, the
average PIC value was determined as 0.65. In addition, the average H genetic diversity was determined
as 0.178. This study is also similar to the literature data. As a result, the collected corn varieties are of
great importance in terms of plant breeding and protection of genetic resources. It is of great importance
that the maintenance and evaluation of these resources are carried out in order to prepare for later
breeding studies. In terms of agriculture, it is believed that the obtained data will provide new
information and shed light on breeding research. In addition, important results were obtained in the
process of parent selection for future breeding projects in the light of the collected molecular data. These
results were achieved by considering the genomic characteristics of maize genotypes. According to one
school of thought, registration of existing maize genotypes and breeding of these genotypes will make
it possible to produce new maize varieties.
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