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Abstract

Maize (Zea mays L.), is a cereal crop with a remarkable potential for production, it is the third
most important grain crop after wheat and rice. Molecular analysis is frequently used by maize
breeders for selecting promising inbred lines to develop hybrid combination. In the present
study 8 yellow maize inbred lines (Gm730,Gm 731, Gm 739, Gm 743, Gm 744, Gm 745, Gm
746 and Gm 749) developed by Maize Research Program, Field Crops Research Institute
(FCRI), Agricultural Research Center (ARC), Egypt were analyzed using 10 Start codon
targeted (SCoT) markers. These primers produced total 136 fragments across 8 maize inbred
lines, of which 74 (54.4%) were polymorphic with an average of 7.4 polymorphic fragments per
primer and number of amplified fragments ranged from 4 (SCoT- 07) to 13 (SCoT- 08). The
genetic similarity between pairs of inbred lines ranged from 78 to 91. The highest genetic
similarity was between inbred lines Gm 745 and Gm746.While the lowest genetic similarity was
between inbred lines Gm 730 and Gm 749 and between inbred line Gm 731 and both of inbred
lines Gm 739 and Gm 749. The dendrogram of eight maize inbred lines based on SCoT markers
using UPGMA comprised two main clusters; the first cluster grouped two inbred lines; Gm 730
and Gm 731 which derived from the same genetic source. The second cluster divided into two
sub clusters; one sub- cluster contains one inbred line (Gm 739). While the other sub-cluster
grouped the other five inbred lines in two groups. In general, Cluster analysis based on SCoT
data grouped inbred lines largely consistent with their pedigree. This present study showed
effectiveness of employing SCoT markers in analysis of maize genotypes, and it would be a
promising marker for further studies in population genetics, genetic diversity and genotypes
improvement.

Introduction

the detection of variation at the DNA level using markers

[5].

Knowledge about germplasm diversity and of genetic
relationships among elite breeding materials has a
significant impact on the improvement of crop plants [1].
Therefore, analysis of genetic relationship in crop species
is an important component of crop improvement
programs, as it serves to provide information about
genetic diversity, and is a platform stratified sampling of
breeding populations [2].

Maize (Zea mays L.), is a cereal crop with a remarkable
potential for production, it is the third most important
grain crop after wheat and rice [3]. In maize breeding
programs the development and selection of inbred lines
are rather costly and time-consuming tasks and large
number of hybrids produced so, extensive yield trials are
required to evaluate hybrid performance [4].

Different methodologies have been used to characterize
genetic diversity in the maize germplasm including
morphological characters, pedigree analysis, heterosis and

Molecular characterization is frequently used by maize
breeders as an alternative method for selecting more
promising genotypes and reducing the cost and time
needed to develop hybrid combinations [6]. A number of
molecular markers have been employed for genetic
diversity evaluation in maize for instance, Random
amplified polymorphic DNA (RAPD)[7], Amplified
Fragment Length Polymorphism (AFLP) [8], inter-simple
sequence repeat (ISSR) [9-10] and simple sequence
repeats (SSR) [11].

A novel method was developed for generating plant DNA
marker system based on conserved regions flanking the
ATG regions of the start codon in plant genes. It is called
as SCoT (Start Codon Targeted) marker. SCoT was first
developed by [12]. This marker system requires no prior
knowledge about the sequence under study. It is
reproducible, reliable, efficient and easy to use. It has
been used to evaluate genetic relationships in plants. It is
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useful for plant breeding, accessing genetic relationships
and QTL mapping [13].

The usefulness of SCoT markers in diversity analysis and
diagnostic  fingerprinting has been  successfully
demonstrated by many authors in many crops, such as
potato [14], tomato [15], citrus [16], mango [17] and
grabs [18]. The effectiveness of employing SCoT markers
in analysis of maize was studied by [19-20] their results
indicated that SCoT markers would be useful for further
studies in population genetics, conservation genetics and
genotypes improvement.

In this present study, eight yellow maize inbred lines
were assayed by SCoT markers to achieve the following
objectives; (i) assess the genetic relationships among the
eight maize inbred lines at the molecular level by SCoT
markers, (ii) evaluate the usefulness of SCoT marker for
analysis of genetic diversity of maize.

Materials and methods

Plant material and DNA isolation

Eight (Se) yellow maize inbred lines developed by Maize
Research Program, Field Crops Research Institute
(FCRI), Agricultural Research Center (ARC), Egypt.
Their names and sources were presented in Table 1.
These inbred lines were assayed by using SCoT marker.
Genomic DNA was isolated from the 14 days leaves with
DNAeasy Plant Mini Kit (Qiagen, Santa Clarita, CA)
(Catno. 69104). Laboratory experiments were performed
at Agricultural Genetic Engineering Research Institute
(AGRI), Agricultural Research center, Egypt.

Table 1. inbred lines used in this study.

No Inbred line Origin of inbred line

1 Gm 730 Comp-# 45- Egypt

2 Gm 731 Comp-# 45- Egypt

3 Gm 739 Gm yellow population-Egypt
4 Gm 743 Gm yellow population- Egypt
5 Gm 744 Comp-# 21- Egypt

6 Gm 745 Comp-# 21- Egypt

7 Gm 746 CIMMYT- pop 31

8 Gm 749 CIMMYT- pop 41

Gm: Gemmieza, Com: Composed, Pop: Population.

SCoT amplification

A ten SCoT primers employed in the present study (Table
2) were designed by [12] based on the consensus
sequences of translation initiation codon region in higher
plants with ATG codon at positions +1, +2, +3; ‘G’ at
position + 4; and ‘A,” ‘C,” and ‘C’ at positions + 7, + 8,
and + 9, respectively. The PCR reaction was performed as
mention by [21] in a total volume of 25 pl containing 1X
reaction buffer, 1.5Mm MgCl2, 0.2 mM dNTPs, 0.4 pM
of a single primer; 50 ng genomic DNA and 2U of Taq
DNA polymerase.

The PCR amplification conditions were carried out as
follows: an initial denaturation step at 94°C for 3 min.
followed by 36 cycles of 949C for 50 s. 50°C for 1 min.
and720C for 2 min; the final extension at 720C was held
for S5min. A total of 5 ul PCR products were separated on
1.5% agarose gel in 1 X TBE buffer using electrophoresis
technique. The agarose gel was visualized UV light after
staining with ethidium bromide.

The PCR scoring Data analysis

PCR fragments on gels were recorded as presence (1) or
absence (0) for all samples and final data sets included
both polymorphic and monomorphic bands. Only patterns
that are existed in both sample replicate were chosen for
analysis. Then a binary statistic matrix was constructed.
Dice’s similarity matrix coefficients were calculated
between accessions using the unweighted pair group
method with arithmetic averages (UPGMA) and this
matrix was used to construct a phylogentic dendrogram
using the online dendrogram construction utility Dendro
UPGMA [22].

Results and Discussion

Polymorphism analysis detected by SCoT markers

In this study, ten SCoT primers which used for analysis of
eight yellow maize inbred lines produced amplification
products and all resulted in polymorphic fingerprint
patterns except for, SCoT-9 (Table 2). Ten primers
produced 136 DNA fragments (Figure 1) with an average
of 13.6 bands per primer. Out of the total of 136
amplified fragments, 74 were polymorphic, with an
average of 7.4 polymorphic bands per primer. This
represented a level of polymorphism of 54.4% from these
ten primers. Primer SCoT-08, was the most polymorphic
bands, where 13 polymorphic amplification products
were detected. The lowest number of amplified
polymorphic fragments (4) was detected by primer SCoT-
07. The polymorphism percentage ranged from 40%
(SCoT-07) to 75% (SCoT-19). The different SCoT
primers revealed different numbers of unique positive and
/or negative markers across the studied inbred lines. The
total number of markers was 14 unique positive markers
and 5 unique negative markers. In this regard, [19]
assessed the genetic diversity of 40 genotypes of maize
using 20 Start Codon Targeted markers. These primers,
produced 114 bands across 40 maize genotypes, of which
86 (76.43%) were polymorphic with an average of 4.30
polymorphic fragments per primer. Similar range of
polymorphism in maize was scored by (5) SCoT primers
[20]. However [23] observed High levels of
polymorphism were; 98.70% (ISSR) and 100% (SCoT) in
durum wheat, which indicated that these markers are
useful tools for detection of genetic variation. Similarly in
potato and peanut, SCoT markers were effective for
fingerprinting, detecting DNA polymorphism, and
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studying genetic relationships among closely related
genotypes [14, 24].

Genetic relationship among inbred lines

The data showed that the genetic similarity between pairs
of inbred lines ranged from 78 to 91 (Table 3). The
highest genetic similarity (91) was between inbred lines
Gm 745 (derived from Comp-21 Egypt) and Gm746
which derived from (CIMMYT- pop 31). Then followed
by similarity degree 89 between inbred lines Gm 744 and
Gm 745 where both of them derived from (comp- #21
Egypt) where have the same genetic back ground, and
these results completely agreement with pedigree data
(Table 1). Similarity degree 88 between inbred lines Gm
743 (drived from Gm yellow pop-Egypt) and Gm 745.
While the lowest genetic similarity (78) between inbred
lines Gm 730 (derived from comp- #45 Egypt) and Gm
749 (derived from CIMMYT- pop 41) and between
inbred line Gm 731 (derived from comp- #45 Egypt) and
both of inbred lines Gm 739 (drived from Gm yellow
pop-Egypt) and Gm 749, where there are differences in
their genetic back ground. In general, the range of genetic
similarity from 78 to 91 among studied inbred lines may
be due to low number of genotypes under study. In this
respect [25] pointed that in general, a higher number of

investigated accessions and more varied genetic
background result in a higher expected polymorphic rate.
Similar results were obtained for SCoT marker in other
crops. [26] Studied genetic relationship among 107
sugarcane accessions and found genetic similarity ranged
from 0.375 to 0.881. In addition [18] in grapes and [23] in
durum wheat.

Cluster analysis based on SCoT marker

The dendrogram of eight maize inbred lines based on
SCoT markers using UPGMA and similarity matrix
computed according to Dice coefficient (Figure 2). The
dendrogram comprised two main clusters; the first cluster
grouped two inbred lines; Gm 730 and Gm 731 which
derived from the same genetic source (Comp-# 45-
Egypt). The second cluster divided into two sub clusters;
one sub- cluster contains one inbred line (Gm 739). While
the other sub-cluster grouped five inbred lines in two
groups as follows; the inbred line Gm 749 in a singular
cluster, the other four inbred lines grouped in another
cluster and distributed into two sub-clusters; inbred line
Gm 743 in singular sub- cluster. However, the other sub-
cluster divided in two groups as follows, inbred line Gm
744 in a single group and the two inbred lines (Gm 745
and Gm 746) clustered in one group.

Table 2. Ten SCoT primer sequences used in this study, the total bands (TB), polymorphic bands (PB), percentage of
polymorphic bands (%PB) positive unique marker (PUM) and negative unique marker (NUM).

Primer Sequence TB PB %PB PUM NUM
SCoT-03 ACGACATGGCGACCCACA 20 9 45 950bp 350bp
SCoT-05 CAATGGCTACCACTAGCG 14 8 57 210-290-890 800
SCoT-06 CAATGGCTACCACTACAG 11 8 73 270 620
SCoT-07 ACAATGGCTACCACTGAC 10 4 40 - 440-490
SCoT-08 ACAATGGCTACCACTGAG 20 13 65 460-610 -
SCoT-09 ACAATGGCTACCACTGCC 9 - 0 - -
SCoT-10 ACAATGGCTACCACCAGC 14 9 64 130-720-850 -
SCoT-17 CCATGGCTACCACTACCC 15 7 47 1050 -
SCoT-18 CCATGGCTACCACTAGCA 15 10 67 630-700 -
SCoT-19 CCATGGCTACCACCGGCG 8 6 75 220 -

Total 136 74 14 5
Average 13.6 74 544

Figure 1. SCoT profiles of the eight maize inbred lines using primers (SCoT-17) and (SCoT-10). 1: Gm 730, 2: Gm 731,
3: Gm 739, 4: Gm 734, 5: Sd 744, 6: Gm 745, 7: Gm 746 and 8: Gm 749. M: DNA molecular weight marker (1000bp

ladder).
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Table 3. Genetic similarity (GS) as revealed by SCoT data.

Lines Gm730 Gm731 Gm739 Gm743 Gm744 Gm745 Gm746 Gm 749
Gm 730 100
Gm 731 88 100
Gm 739 80 78 100
Gm 743 80 84 86 100
Gm 744 83 84 81 86 100
Gm 745 82 80 85 88 89 100
Gm 746 80 79 83 86 86 91 100
Gm 749 78 78 80 86 85 85 87 100
It might be due to there is a degree of similarity in their References
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Figure 2. Dendrogram for the eight maize inbred lines
constructed from SCoTs data using UPGMA and
similarity matrix computed according to Dice coefficient.

Conclusion

The present research indicated that, the SCoT marker
analysis was effective for evaluating the genetic
relationships among maize genotypes. It would be a
promising marker for further studies in population
genetics, genetic diversity and genotypes improvement.

10.

15.

16.

17.

18.

Hallauer, A.R., W.A. Russel, and K.R. Lamkey. Corn breeding. In: G.F.
Sprague and J.w. Dudley, (eds), Corn and Corn Improvement, 3rded,
ASA, Inc., Madison WI. 1988.

Mohammadi, S.A. and B.M. Prasanna: Analysis of genetic diversity in
crop plants — Salient Statistical tools and considerations. Crop Sci. 2003;
43:1235-1248.

Ahmad, S.Q., Khan, S., Ghaffar, M., and Ahmad, F: Genetic Diversity
Analysis for Yield and Other Parameters in Maize (Zea mays L.)
Genotypes. Asian Journal of Agricultural Science 2011; 3(5), 385-388.
Hallauer, A.R.: Methods used in developing maize inbreds. Maydica
1990; 35:1-16.

Udaykumar, K., Deepa, M., Laxman, M., and Prakash, G: Genetic
diversity studies in newly derived inbred lines of maize (Zea mays L.).
Molecular Plant Breeding 2013; 4 (9):77-83.

Garcia, A.A.F.,.Benchimol, L.L., Barbosa, A.M.M.,Geraldi, 1.O., Souza Jr,
C.L. and de Souza, A.P: Comparison of RAPD, RFLP, AFLP and SSR
markers for diversity studies in tropical maize inbred lines. Genetics and
Molecular Biology 2004; 27: 579-588.

Carvalho, V.P., Ruas, C.F., Ferreira, J M., Morrira, R.M.P. and Ruas,
P.M: Genetic diversity among maize (Zea mays L.) landraces assessed by
RAPD markers. Genetics and Molecular Biology 2004; 27:228-236.
Adawy, S.S., Assem, S.K., Hussein, Ebtissam H.A. and El-Itriby, H.A:
Development of AFLP markers and genotyping of elite maize inbred
lines. Arab J. Biotech. 2004; 7: 53-64.

Berilli, A.P.C.G., M.G. Pereira, L.S.A. Gongalves, K.S. da Cunha, H.C.C.
Ramos, G.A. Souza Filho and A.T. do AmaralJunior: Use of molecular
markers in reciprocal recurrent selection of maize increases heterosis
effects. Genet. Mol. Res. 2011; 10 (4): 2589-2596.

Tiarovska, J., Rat na, K. and Labajova, M: Using of inter microsatellite
polymorphism to evaluate gamma-irradiated Amaranth mutants. Emirates
Journal of Food and Agriculture 2013; 25 (9): 673-681.

Fernandes, E.H., I. Schuster, C.A. Scapim, E.S.N. Vieira and M.M.D.
Coan: Genetic diversity in elite inbred lines of maize and its association
with heterosis. Genet. Mol. Res. 2015; 14 (2): 6509-6517.

Collard, B.C.Y. and Mackill, D.J: Start codon targeted (SCoT)
polymorphism: a simple, novel DNA marker technique for generating
gene-targeted markers in plants. Plant Molecular Biology Reporter 2009;
27: 86-93.

Sankhla, A.K., C.P. Malik and Parashar, M: A Review on Start Codon
Targeted (SCoT) Marker. Jour P1 Sci Res 2015; 31(2):153-160.

Gorji, A.M., Poczai, P., Polgar, Z., Taller, J: Efficiency of arbitrarily
amplified dominant markers (SCoT, ISSR and RAPD) for diagnostic
fingerprinting in tetraploid potato. Am. J. Potato Res. 2011; 88: 226-237.
Shahlaei, A., Torabi, S., Khosroshahli, M: Efficiacy of SCoT and ISSR
marekers in assesment of tomato (Lycopersicumesculentum Mill.) genetic
diversity. International Journal of Biosciences 2014; 5(2): 14-22.

Mahjbi, A., Baraket, G., Oueslati, A., Salhi-Hannachi, A: Start Codon
Targeted (SCoT) markers provide new insights into the genetic diversity
analysis and characterization of Tunisian Citrus species. Biochemical
Systematics and Ecology 2015; 61:390-398.

Gajera, H.P., Bambharolia, R.P., Domadiya, R.K., Patel, S.V., Golakiya,
B.A: Molecular characterization and genetic variability studies associated
with fruit quality of indigenous mango (Mangiferaindica L.) cultivars.
Plant Syst Evol. 2014; 300: 1011-1020.

Ibrahim, S.D., S.S. Adawy, M.A.M Atia, A.M. Alsamman, M.M.
Mokhtar: Genetic diversity, variety identification and gene detection in

106



19.

20.

21.

22.

23.

Sadek M.S.E. and Shafik D. Ibrahim, JIPBS, Vol 5 (1), 103-107, 2018

some Egyptian grape varieties by SSR and SCoT markers. Plant Omics
Journal 2016; 9: 311-318.

Vivodik, M, Gélova, Z, Baldzova, Z, Petrovi€ ova, L: Start codon targeted
(SCoT) polymorphism reveals genetic diversity in european old maize
(zea mays 1) genotypes. Potravinarstvo; Scientific Journal for Food
Industry 2016; 10(1): 563-569.

Vivodik, M, Balazova, Z, Gélova, Z,Petrovi€ ova, L: Genetic diversity
analysis of maize (zea mays l.) using SCoT markers. Journal of
microbiology, biotechnology and food sciences 2017; 6(5): 1170-1173.
Luo, C, He, X.H., Chen, H, Ou, S.J., Gao, M.P: Analysis of diversity and
relationships among mango cultivars using Start Codon Targeted (SCoT)
markers. Biochem Syst Ecol. 2010; 38:1176—1184

Garcia-Vallvé S, Palau J, Romeu A: Horizontal gene transfer in glycosyl
hydrolases inferred from codon usage in Escherichia coli and Bacillus
subtilis. Mol  Biol  Evol. 1999;  16:1125-1134.  (http:/
genomes.urv.es/UPGMA/).

Etminan, A., Aboughadareh,A.P., Mohammadi,R., Ahmadi-Radd, A.,
Noori,A., Mahdavian, Z. and Moradi, Z: Applicability of start codon
targeted (SCoT) and inter-simple sequence repeat(ISSR) markers for

24.

25.

26.

217.

genetic diversity analysis in durum wheat genotypes. Biotechnology &
Biotechnological Equipment 2016; 30(6): 1075-1081.

Xiong, F., Zhong, R., Han, Z., Jiang, J., He, L., Zhuang, W., Tang, R:
Start codon targeted polymorphism for evaluation of functional genetic
variation and relationships in cultivated peanut (Arachishypogaea L.)
genotypes. Mol Biol Rep. 2011; 38:3487-3494.

Molin, D., Coelho, C.J., Maximo, D.S., Ferreira, F.S., Gardingo, J.R. and
Matiello, R.R: Genetic diversity in the germplasm of tropical maize
landraces determined using molecular markers. Genetics and Molecular
Research 2013; 12(1):99-114.

Que, Y.X., Pan, Y.B., Lu, Y.H: Genetic analysis of diversity within a
Chinese local sugarcane germplasm based on start codon targeted
polymorphism. Bio Med Res Int. 2014; 2014:1-10.

Hamidi, H., Talebi, R., Keshavarzi, F: Comparative efficiency of
functional gene-based markers, start codon targeted polymorphism
(SCoT) and conserved DNA-derived polymorphism (CDDP) with ISSR
markers for diagnostic fingerprinting in wheat (Triticumaestivum L.).
Cereal Res Commun 2014; 42(4):558-567.

107



