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1. İntroduction
Maize (Zea mays L.) is an important cultivated cereal, the 
most common in world agriculture. It is a valuable food and 
technical plant, from which more than 500 main products 
and by-products have been obtained (Tsikov, 2003). Among 
other useful matters are dark-colored pigments – anthocya-
nins – which give the corresponding color to plant organs and 
possess high antioxidant, antimicrobial and anticarcinogenic 
properties. They accumulate to a high degree in leaves, stem 
and grains of certain forms of maize (Tretyakov et al., 2012; 
Adzhieva et al., 2015). Numerous epidemiological stud-
ies from different countries have established that regular 
consumption of food plants rich in anthocyanins leads to a 
significant decrease in many chronic diseases, such as dia-
betes, obesity, cardiovascular and oncological diseases. The 
properties of beneficial anthocyanins that reduce the risk of 
developing diseases and promote human health have been 
scientifically substantiated and confirmed (Fukamachi et 
al., 2008; Tsuda, 2012; Lago et al., 2013; Khlestkina, 2013.) 
Thus, along with the nutritional value, the combination of 
therapeutic and preventive properties of the dark-grain forms 
of maize allows their use as a functional food (Rodrıguez et 
al., 2013; Petroni et al., 2014; Dolmatova et al., 2016). In 
this connection, the directions of breeding for increasing the 
content of anthocyanins in the grains of maize are relevant. 
For the selection of valuable genotypes, their characterization 
and assessment using molecular technologies are important, 
which significantly reduces costs and time for developing 
hybrid combinations in breeding schemes (Khavkin, 2003). 
Highly informative ISSR markers have been successfully 
used to analyze the genetic diversity of maize (Sivolap et al., 
2001; Barakat et al., 2009; Salah et al., 2016). The purpose 
of this study was to assess the genetic diversity of samples of 
dark grain maize, including self-pollinated lines and hybrids 
from the collection of the National Genebank of Azerbaijan, 
using ISSR markers.
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2. Materials and methods
The studies were carried out in the Laboratory of Biotechno-
logy of the Genetic Resources Institute (GRI of the National 
Academy of Sciences of Azerbaijan) in 2015-2019. The study 
object was seeds of 38 local dark-grain samples of maize 
from 3 varieties, 25 inbred lines, 10 interline, inter-variety 
and variety-linear hybrids. Total DNA was extracted from 
the leaves of maize using the modified CTAB method (Doyle 
et al., 1987). The concentration and quality of DNA was de-
termined by a spectrophotometric method using a Nanodrop 
tester (Thermo Scientific, 2000). The concentration of DNA 
solutions for PCR was 50 ng/mkl. As a result of preliminary 
studies, 6 primers were selected from 14 ISSR markers for 
the analysis, synthesizing clearly visible polymorphic alleles-
amplicons. The reaction mixture of ISSR-PCR with a volume 
of 20 mkl included: DNA of the analyzed sample (2 mkl), 
primer (Integrated DNA Technologies) (0.2 µM), mixture of 
deoxyribonucleotides of 4 types (Bioline) (0.2 µM of each), 
10x PCR buffer (0.2 μM), MgCI2 (1.5 mM), Taq DNA poly-
merase (1 unit) (all reagents are from SinaClon Bioscience) 
and distilled water until the given volume was reached. PCR 
was performed in the following mode: initial denaturation at 
94 °C for 5 min; 35 cycles: denaturation at 94 °C for 1 min, 
hybridization at the melting temperature of the primer for 
1 min, elongation at 72 °C for 2 min, and final elongation at 
72 °C for 7 min. The detection of PCR products was carried 
out by electrophoresis in a 1.5 % agarose gel with the addition 
of ethidium bromide (4 mkl/100 ml of gel), in 1xTAE-buffer at 
pH-8.0 for 50 min at a voltage of 120V. Amplicons after elec-
trophoresis were visualized in a transilluminator (Bio-Rad) by 
irradiating gels in ultraviolet rays and analyzed by the intensity 
of the glow of the complexes of ethidium bromide with DNA. 

The marker for determining the size of the amplified 
fragments was a 100-bp DNA ladder. For registration of the 
presence (1) or the absence (0) of fragments with the same 
molecular weight, we prepared binary matrices for each gel. 
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The number and proportion of polymorphic alleles were 
determined as indicators of genetic polymorphism. The 
genetic diversity index was calculated using Nei’s formula:  
H = 1 – ∑Pi2, where Pi is the frequency of the ith allele in 
relation to the total number of alleles (Nei et al., 1974). To 
establish the effectiveness of the selected marker system, the 
value of information polymorphism (рolymorphism informa-
tion content), PIC, was calculated (Chesnokov et al., 2015).

3. Results and discussion
The genetic diversity of 38 dark-grain maize genotypes was 
studied using 6 ISSR markers. In general, from among 63, 
59 polymorphic alleles (93.7 %) were amplified. On average, 
each locus has 9.8 polymorphic alleles (Table 1). 

The length of the synthesized DNA fragments varied within 
200-3000 base pairs, depending on the primer. Primer A1 

generated an effective marker profile for all maize genotypes. 
Primer A5 consisting of 6 repeats of the GAA motif revealed 
the highest number of polymorphic alleles, 16; primers A1 
and UBC-823 revealed 11 and 9 polymorphic alleles, respec-
tively; and primer UBC-817 showed the lowest number, 7. All 
markers used revealed a high level of polymorphism in both 
hybrids and constant forms, with an average of 94.6 %. The 
genetic diversity index calculated for all primers ranged from 
0.86 to 0.95, with an average of 0.92. These indicators showed 
a high level of variability in the genomes of the dark-grain 
maize samples. Primers A1, UBC-817 and UBC-840 revealed 
the highest level (100 %) of genetic polymorphism of the col-
lection studied, while the value of the genetic diversity index 
was also the highest, 0.95, 0.93 and 0.95, respectively. For 
each polymorphic locus, information polymorphism content 
(PIC) values were calculated (averaged for each primer), 

Figure 1. UPGMA dendrogram of 38 maize 
genotypes based on ISSR marker. 

Table 1
List of ISSR markers and their polymorphism

Primer name Sequence
5’  3'

Number of bands Polymorphism
% Н PIC

poly mono

A1 (AG)8T 11 0 100 0.95 0.29

A5 (GAA)6 16 2 88.8 0.91 0.37

UBC812 (GA) 8A 8 1 88.8 0.90 0.35

UBC817 (CA)8A 7 0 100 0.93 0.38

UBC823 (TC)8 9 1 90.0 0.86 0.27

UBC840 (GA)8AT 8 0 100 0.95 0.41

Average 9.8 0.6 94.6 0.92 0.35
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which were within the range of 0.29-0.41, 0.35 on average. The 
highest PIC value, 0.41, was detected for primer UBC- 840, 
and the minimum value, for UBC-823. These data make it 
possible to note the high information content of UBC-840 
for the detection of genomic differences and recommend its 
use in marker selection of maize. Our results of assessing the 
level of polymorphism generally agree with many studies on 
the molecular characterization of inbred lines and hybrids of 
maize using intermicrosatellite markers (Junior et al., 2011; 
Muhammad et al., 2016). According to the binary matrix of 
the presence or absence of amplicons with the same molecular 
weights, a genetic similarity matrix was constructed using 
the PAST computer program based on the Jaccard index. The 
coefficient of similarity between pairs of genotypes was in the 
range from 0.1315 to 0.7187. The highest coefficient value was 
found between samples UgSh7 and UgSh10, and the lowest 
similarity was found between genotypes KF94s and UgSh373. 
These results demonstrate a significant genetic diversity of 
the studied genotypes of dark-grain forms of maize. Using 
the cluster analysis based on the UPGMA method, a dendro-
gram was compiled showing the genetic distances between 
the maize samples studied (Figure 1). 

It shows that the maize samples were grouped in five 
main clusters. The largest of them – cluster №1 combines 
25 genotypes, in turn, divided into 2 subclusters. The first 
one includes two inbred lines, and the second many-item 
subcluster combines both hybrids and constant forms. Clus-
ters 2 and 5 included five samples from both categories. 
Two inbred lines, ЕНМ221 and ЕНМ249, formed Cluster 3. 
The complex hybrid KF60s has separated as an independent 
cluster, which indicates a difference in its genetic structure 
from those of the other forms. The knowledge of the cluster 
differentiation of the forms studied can be used for crossings 
in breeding programs. Samples belonging to the same cluster 
group or subgroup are genetically closer to each other; it is 
therefore advisable to involve them in crosses in pairs with 
samples from other clusters, but not among themselves. The 
distribution of the accessions in five cluster groups confirms 
significant genetic diversity. 

4. Conclusions
Being a natural source of food, dark-grain corn with regular 
inclusion in the diet can contribute to the preservation and 
improvement of health, due to the presence of anthocyanins 
(Tsuda, 2012; Petroni et al., 2014; Dolmatova, 2016). In this 
regard, the selection for increasing the content of useful an-
thocyanins in the maize grain is relevant. 

The study on molecular characterization revealed a signifi-
cant genetic diversity of 38 inbred lines and dark-grain maize 
hybrids, adapted to local conditions, from the National Gene 
Bank of Azerbaijan. High polymorphism values (94.6 %) of 
PCR products synthesized using six ISSR markers were ob-
tained. The genetic diversity index identified by markers A1, 
UBC-817 and UBC-840 (0.95, 0.93, and 0.95, respectively) 
suggests that they are most effective for studying the genetic 
diversity of maize. Cluster analysis revealed groups of geneti-

cally similar and differing samples. For increasing the content 
of useful anthocyanins in the grain, we identified the forms to 
be used as a starting material for maize breeding.
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