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Comprehensive abstract

Introduction

Maize is one of the most important sources of energy supply to feed poultry, livestock, as well as
humans, and the primary and raw material for industrial and food products. This valuable crop plant in
terms of world production ranks third after wheat and rice. Since knowing the genetic diversity in
germplasm collections and determining the genetic relationships between breeding materials is the
first and most important step in breeding researches, so identifying high diversity and suitable genetic
potential lines is one of the goals of plant breeders to product and introduce new varieties. The
objective of this study is to investigate the genetic diversity of 18 maize inbred lines using
microsatellite (SSR) markers, to evaluate the efficiency of the studied markers, and to introduce the
most appropriate ones in determining the genetic diversity of maize lines.

Materials and methods

The plant materials of this research included 18 inbred lines of maize prepared from the Agriculture
and Natural Resources Research Center of Khorasan-Razavi province, Iran. DNA extraction was
carried out by CTAB method from fresh and young leaf samples after the three-leaf stage of seedlings.
Polymerase chain reaction (PCR) was performed in a final volume of 10 pl, and horizontal
electrophoresis on 3% agarose gels as well as vertical electrophoresis on 6% polyacrylamide gels were
used to observe the amplified fragments. For data analysis, first the amplified fragments (bands) on the
gels were valued and quantified, so that the numbers 1 and 0 were considered for the presence and
absence of each band in each maize line, respectively. To evaluate the genetic diversity, different
diversity indices including number of effective alleles, polymorphic information content (PIC) and
Nei’s gene diversity were estimated using POPGEN software, and the most suitable markers were
introduced. To group the studied maize lines, cluster analysis and principal coordinates analysis were
performed and the corresponding graphs were drawn using NTSY Spc 2.0 software.

Research findings

Assessing the genetic diversity of maize lines based on microsatellite markers showed that 20 SSR
markers used in this research amplified a total of 81 scorable loci, whose size ranged from 65 to 200
bp. The average number effective alleles, polymorphism information content and Nei’s gene diversity
were calculated as 2.05, 0.71 and 0.62, respectively, indicating that there was a considerable genetic
diversity among the studied maize lines. Evaluating the polymorphic information content (PIC) index
showed that the markers used in this study had highly variable PIC from 0.28 (for Phi024) to 0.91 (for
Phi038) with an average of 0.71. Cluster analysis by UPGMA method using Jaccard similarity
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coefficient grouped 18 maize inbred lines into three distinct clusters with 1, 6 and 11 lines,
respectively. Molecular analysis of variance based on three groups derived from cluster analysis
showed that 11% and 89% of the total variance was between and within population, respectively. The
results of principal coordinate analysis and grouping if maize lines based on the bi-plot of the first and
second vectors confirmed the grouping of the cluster analysis.

Conclusion

The results of the current study showed that there was a significant genetic diversity among the
studied maize lines, which can be used in breeding programs. Also, microsatellite markers (SSRs) had
the ability to assess the genetic diversity and separation of maize genotypes from each other.
Evaluating the different diversity indices for the studied markers in this research showed that the
markers Phi034, Phi038, Phi076, Phi084, and Phi092 were more suitable markers for determining
genetic diversity. Therefore, it is recommended to use these informative markers to determine genetic
diversity as well as to identify heterotic pattern in maize breeding programs.
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Table 1. Characteristics of the studied maize lines

Row Genotype Origin Generation
1 B73 RYD Latin America S;
2 80-2-1Ghch Derived from F; of commercial single cross hybrids germplasm Ss
3 85-2-1- Ghch Derived from F; of commercial single cross hybrids germplasm Ss
4 A188 RYD Swiss (Zurikh) S7
5 Qpm-kh Indonesia (Makkasar) Ss
6 102PCH Derived from F; of commercial single cross hybrids germplasm Ss
7 7TGHCH Derived from F, of commercial single cross hybrids germplasm Ss
8 K1263/1 Derived from F; of commercial single cross hybrids germplasm Ss
9 99-1Ghch Derived from F; of commercial single cross hybrids germplasm Ss
10 104 Ghch Derived from F; of commercial single cross hybrids germplasm Ss
11 Ethm82 Swiss (Zurikh) Sy
12 MO17 LSC Latin America S;
13 105Ghch Derived from F; of commercial single cross hybrids germplasm Ss
14 Dh5x7 INRA (France) S7
15 95-2 Ghch Derived from F, of commercial single cross hybrids germplasm Ss
16 107Ghch Derived from F, of commercial single cross hybrids germplasm Ss
17 85-2Ghch Derived from F; of commercial single cross hybrids germplasm Ss
18 Qpm-w Indonesia (makkasar) N
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Table 2. Diversity indices calculated for microsatellite (SSR) markers in the studied maize lines

Ch Number of Number of Number of Polymorphic ~ Nei’s .
. romosome . . . . Bandsize
Marker Motif number observed polymorph  effective information  genetic (bp)
alleles alleles alleles content diversity
Phi001 AG 1 5 5 2.66 0.59 0.49 69-150
PhiO15 AAAC 1 3 3 1.28 0.38 0.24 125-140
Phi024 CCT 2 3 3 1.25 0.28 0.19 66-121
Phi026 CT 2 4 4 2.53 0.89 0.79 80-130
Phi032 AAAG 3 4 4 1.82 0.78 0.68 162-168
Phi034 CCT 4 4 4 2.32 0.75 0.69 105-118
Phi036 AG 4 5 5 2.55 0.48 0.39 113-137
Phi038 GAAA 4 6 6 2.57 0.91 0.83 76-100
Phi041 AGCC 5 3 3 1.31 0.85 0.69 65-80
Phi062 AGG 5 4 4 1.79 0.80 0.77 150-178
Phi063 TATC 6 3 3 1.33 0.75 0.69 145-188
Phi076 AGCGG 6 6 6 3.92 0.93 0.85 143-185
Phi084 AGCT 7 6 5 3.37 0.80 0.76 111-135
Phi087 ACC 7 5 4 2.53 0.46 0.35 116-148
Phi089 CCG 7 3 2 1.24 0.82 0.72 110-150
Phi091 TCG 8 3 3 1.36 0.82 0.78 96-110
Phi092 ATCC 8 5 4 2.88 0.86 0.76 98-112
Phi095 AAAG 9 3 3 1.46 0.81 0.73 148-187
Phi096  CACTT 10 2 2 1.36 0.75 0.68 153-180
Phi098  AGATG 10 4 3 1.54 0.53 0.42 160-186
Mean - - 4.05 3.8 2.05 0.71 0.625 -

YAA
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Figure 1. Banding pattern of the microsatellite marker, Phi001, in a number of the studied maize lines. L1
column shows size marker.
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Table 3. Cophenetic correlation coefficient between different cluster analysis methods and different similarity
coefficients

Similarity coefficient

Cluster analysis method - -
Simple matching

Jacquard Dice

0.53
0.41

UPGMA
Complete linkage

0.75
0.69

0.57
0.63
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Figure 2. Cluster analysis of the studied maize lines using UPGMA method based on microsatellite markers
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Table 4. Molecular analysis of variance of maize lines based on grouping of cluster analysis of the SSR markers

Source of variation df Sum of square Mean square Variance percentage

Between population 2 65.23 32.61 11

Within population 15 563.21 37.54 89

Total 17 628.44 - 100
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Table 5. Eigen value, relative variance and cumulative variance of the first five components of principal

coordinate analysis based on microsatellite markers

Component Eigen value Relative variance (%) Cumulative variance (%)
1 8.11 11.5 11.5
2 6.16 9.5 21.0
3 491 7.5 28.5
4 4.45 6.9 354
5 4.11 6.3 41.7
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Figure 4. Scatter plot of the studied maize lines based on 1* and 2"! components of principal coordinate analysis
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