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Abstract

Despite the huge diversity of maize germplasm, modern maize breeding programme and
agricultural practices decrease the diversity of modern hybrids. Genetic characterization of
maize hybrids allows knowledge of the genetic relationship among them, thus preventing the
risk of increasing uniformity. Because of their high reproducibility, informativeness and easey
application of microsatelites are the most frequently used molecular markers in maize genetic
diversity studies. The aim of our work was to evaluate genetic diversity of maize hybrids by
SSR markers and compare results with their pedigre information. Sixteen polymorphic SSR
(Simple Sequence Repeats) markers were used to characterize 14 maize (Zea mays L.) hybrids
belonging to different breeding programs and FAO groups (from 300 to 800). A total of 53
alleles were found, ranging from two to four alleles. Genetic similarities were calculated in
NTSYSpc2 program package using Jaccard’s coefficient based on binary data (presence or
absence of alleles). The highest value of genetic similarity was 0.80 between H1 and H2,
while the lowest value (0.26) was found between H12 and H13. Cluster analysis was done by
unweighted pair group method (UPGMA) on the basis of genetic similarity matrix.
Dendrogram analysis grouped maize hybrids in one cluster (most of the analyzed genotypes),
one smaller cluster and one branch. The results revealed genetic heterogeneity between
analyzed maize hybrids.

Keywords: maize hybrids, genetic similarity, SSR markers, Zea mays L.

Introduction
Maize, wheat and rice are the most important cereal crops grown in the world. Maize is used
mainly for food, feed, as feedstock for food processing and in chemical industry. Due to huge
genetic and phenotypic variability maize is adapted to different agroecological environments,
edaphic and climatic conditions.
Maize has an important role in the field of scientific research such as the application of
molecular genetic techniques and identifying genes and their functions. Maize is biological
model system for genetics, evolution and domestication of cereals of the highest public
interest (Wei et al., 2007). The main characteristic of maize is based on its variability in
morphological traits and the high polymorphism of the DNA sequence (Matsuoka et al.,
2002). During the breeding programs, maize hybrids have narrowed the genetic basis, leding
to a significant reduction in diversity, so maize in commercial use contribute around 5% of
the available germplasm (Carena et al., 2009).
In order to prevent genetic erosion, i.e. loss of individual genes and their combinations, as
well as further narrowing of maize diversity, it is necessary to characterize existing elite lines,
modern varieties and hybrids. Many methodologies are used for the assessment of genetic
diversity in maize such as pedigree data, morphological traits and molecular markers.
Compared with morphological variation, molecular polymorphism is generally considered to
be independent of the environment and they are able to detect differences on DNA level on
different individuals. (Ghebru et al., 2002; O’Neill et al., 2003).
Molecular diversity analyses can be performed using various kinds of methods including
fragment length polymorphisms (RFLPs), amplified fragment length polymorphisms
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(AFLPs), randomly amplified polymorphic DNA markers (RAPD), simple sequence repeats
(SSRs) or single nucleotide polymorphisms (SNPs). SSR markers have been the marker of
choice for assessing maize genetic diversity due to the high level of polymorphism, multi-
allelic nature, random distribution throughout the genome and cost effectivness (Barcaccia et
al., 2006; Mason, 2015). In plant genomes they show an extensive variation in different
individuals and genotypes (Comertpay et al., 2012). Single nucleotide polymorphism (SNP)
are new marker technologies that could also be used for estimating genetic diversity, but they
are still to be adjusted for studies of genetic relatedness in maize (Yang et al.,2011).

In the present work SSR fingerprinting of 14 maize hybrids was done for molecular
identification and assessment of genetic diversity, as well as to compare their clasification
with their pedigre information.

Materials and Methods
A set of fortheen maize hybrids from the Maize Research Institute ,,Zemun Polje* that belong
to different breeding programs were analyzed with molecular markers to evaluate genetic
diversity. These 14 hybrids are covering different FAO groups, in the range from 300 to 800
(Table 1).

Table 1. List of the analyzed maize hybrids and their FAO groups

Hybrid FAQ group Hybrid FAOQ group
H1 300 H8 500
H2 300 H9 600
H3 600 H10 700
H4 300 H11 800
H5 500 H12 600
H6 500 H13 400
H7 500 H14 400

Genomic DNA was isolated from kernel using the CTAB (cetyl trimethylammonium
bromide) procedure according to Doyle and Doyle (1987). Simple sequence repeat (SSR)
characterization was done with 18 markers from the maize germplasm bank
(www.maizegdb.org) (Table 1). Polymerase chain reaction (PCR) was carried out in 25uL
reaction volume containing: 50ng of DNA sample, 1xBuffer, 0.8mM dNTP, 0.5uM of each
primer pair and 1U Taq polymerase. The PCRs were performed using the following touch-
down program: an initial denaturation at 95°C/5min. by 15 cycles each of denaturation at
95°C/30 s, annealing at 63.5/1min (-0.5°C/cycle) and extension at 72 °C /1min; and another 22
cycles of 95 °C /30 s, 56°C/1min and 72°C/Imin. Final elongation was at 72°C for 4min.
Using vertical electrophoresis (Mini Protean Tetra-Cell BioRad) the amplified PCR fragments
were separated on 8% polyacrylamide gel, with 20 bp ladder as a marker. Gels were
photographed under UV light on BioDocAnalyse Biometra after staining with 0.5ug/uL
ethidium bromide. Data were assembled into a binary matrix after SSR profiles were scored
as presence or absence (1/0) of fragments in each sample. Genetic similarities (GS) between
maize hybrids were calculated in accordance to Jaccard (1908): GSij = a/(a+b+c); where a is
number of fragment shared by both individuals; & is number of fragments present in i but not
in j; ¢ is number of fragments present in j but not in i. For marker data analyses statistical
NTSYSpc2 program package (Rohlf FJ, 2000) was applied.
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Results and Discussion

The loss of maize diversity is considered one of today’s most serious problem in maize
production. Genetic biodiversity of maize is crucial for future breeding programmes in
continuing advances in yield, grain quality improvement, disease and pest resistance.

In order to determine genetic diversity between 14 maize hybrids, molecular characterization
was done using 18 SSR markers (Table 2). Two SSRs were not included in data analyses
since they were monomorphic. Total of 53 alleles among the analysed 14 maize hybrids were
identified. The number of alleles obtained with different primers varied from two (nc133) to
four (bnlgl083, phi083, umc1448, umc1109, bnlg2235, umc1492 and umc1152) with the
average value of 3.31 per locus. Similar number of alleles 3.33 was found in work with 38
Iranian maize hybrids (Shiri et al., 2015). Bantte and Prasanna (2003) reported slightly lower
number of alleles (3.25) with 36 SSR loci. Some other works have shown considerably higher
number of alleles. Nikkhoy and Shiri (2017) obtained 4.2 alleles per locus with 20
SSRmarkers on maize hybrids, while Lu and Bernardo (2001) found 4.9 alleles with 83 SSR
loci, same as Warburton et al. (2002) with 85 SSR loci.

Table 2. List of 16 informative primers, with their chromosome position, repeat motif, number
of alleles and allele range within analyzed maize hybrids

Probe Bin Repeat motif Number of
alleles
l. umc1282 1.00 (AT)6 3
2. phil09275 1.03 AGCT 2
3. bnlg1083 1.02 AG(29) 4
4. umc1122 1.06 (CGT)7 3
5. umc2047 1.09 (GACT4 3
6. phi083 2.04 AGCT 4
7. umc1448 2.04 (GCT)5 4
8. ncl33 2.05 GTGTC 2
0. umc1109 4.10 (ACG)4 4
10.  umcll153 5.09 (TCA)4 3
11.  phi452693  6.04 AGCC 3
12.  bnlg2235 8.02 AG(23) 4
13.  phi080 8.08 AGGAG 3
14.  umcl1492 9.04 (GCT)4 4
15.  umcll152 10.01 (ATAG)6 4
16.  bnlgl526 10.04 AG(15) 3

Based on presense or absense of alleles in each sample coefficient of similarity was calculated
by Jaccard. The genetic similarities were in range from 0.26 for H12 and H13 to 0.80 for two
pairs of hybrids H1 and H2. Hybrids HI12 nad H13 belong to specific types of maize,
popcorne and sweet corn hybrids, respectively. On the other hand, single crosses hybrids H1
and H2 showed the higest similarity, because they have one same parental component and the
other one are highly related inbred lines.

The cluster analysis using UPGMA method, based on Jaccard similarities distributed
genotypes into two clusters (A and B) and one branch (c) showing good separation of hybrids
and agrement with their pedigre data. Hybrids with very similar parental lines were grouped
together within dendrogram. Cluster A contained most of the analyzed genotypes (11),
dividing into subclusters A1 and A2. Subclaster A1 grouped hybrids with same genetic basis;
hybrids H5 and H7 have one same parental component, and H4 and H6 are three way crosses
and they have one parental line in common. This subclaster contained all hybrids from 300
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FAO group, two from 500 FAO group and one from 600 FAO group. In subcluster A2 were
grouped hybrids from 500 to 800 FAO groups, which have also same genetic basis. H9 and
H10 have very similar parental lines, from te same source. Sweet corn hybrids (H13 and H14)
formed cluster B, while branch ¢ was formed of popcorn hybrid H12.

The average similarity of 0.54 among 14 maize hybrids showed satisfying variability between
hybrids. The lower variability was reported in Bauer et al. (2005) with RAPD markers on
maize hybrids, where Jaccard’s coefficient of similarity ranged from 0.69 to 0.93. Also, Chen
et al. (2008) reported higer genetic similarities with average value of 0.77 among 186 maize
hybrids in China.
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Figure 1. Dendrogram of 14 maize hybrids constructed using UPGMA cluster analysis of
genetic similarity values (Jaccard, 1908) obtained from SSR data.

In his study SSR analysis determined variability among maize hybrids, as well as their
grouping by genetic background. The dendrogram constructed from UPGMA method
distinguishing hybrids to clusters according to their parental lines.

Conclusions
SSR markers is powerful tool for genetic characterization of maize hybrids and their
clasification comparing with pedigree data. In this work 16 polymorphic SSR markers
classified 14 maize hybrids into different groups in accordance to their pedigree data.
Molecular marker could be successful and significant in evaluation of maize diversity
assigned the most of the maize hybrids to their genetic background.
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