Maize Genetic Diversity By Molecular Markers 46

Al

Mansoura university

Mansoura journal of Biology

Genetic diversity of maize inbred lines as indicated by molecular
markers

Samah M. M. Eldemery ® and Kamal F. Abdellatif ®
WMolecular Bio. Dept., Genet. Eng. Biotech. Res. Inst. (GEBRI), University of Sadat City,
Sadat City, Minoufiya, Egypt.
@plant Biotech. Dept., Genet. Eng. Biotech. Res. Inst. (GEBRI), University of Sadat City, Sadat
City, Minoufiya, Egypt.

Received 9 March 2014; accepted 2 June 2014

Keywords Abstract Genetic diversity of seven inbred lines of maize (Zea maize
Maize; L.) was studied using different molecular markers (SSR, ISSR and RAPD
Molecular markers). All used markers were able to clearly separate the inbred lines
markers; into two clusters. The inbred line Inb 2 was separated in one cluster along
Cluster analysis; with the inbred line Inb 56 according to both ISSR and RAPD molecular
SSR; markers while it was separated apart of all clusters according to SSR
ISSR; markers. The inbred lines Inb 66, Inb 72, Inb 76, Inb 82 and Inb 102 were
RAPD clustered in one group according to all types of molecular markers. The

results of both ISSR and RAPD markers are more or less the same but
differ from the results obtained from the SSR data. Because of its
specificity, SSR markers are more reliable than both ISSR and RAPD
markers in addition to their co-dominance nature, so that their results can
be considered for genetic relationships studies. Thus, it can be said that
Inb 2 could be used for hybridization with all other inbred lines except of
the inbred line Inb 56 to give single cross with the highest growth
vigorous from the inbred lines used in this study.

Maize breeding programs depend on
knowledge of genetic diversity and relationship

Introduction

Maize (Zea mays L.) belongs to family
Poaceae. It is the third important cereal crop of
the world as well as of Egypt (after wheat and
rice). The harvested area of maize in Egypt was
increased from 750,000 ha to 825,000 ha in the
years of 2012 and 2013, respectively. On the
other hand, the yield productivity was 7.3
MMT in 2011 while increased to 7.6 MMT in
2012 (FAO., 2013). Thus, producing new
maize hybrids with high potential of yield
production could improve maize productivity

in Egypt.

among inbred lines and breeding material. This
is especially fundamental in assigning inbreds
to heterotic groups and planning outstanding
hybrid crosses. There are several approaches in
assessing genetic similarity between breeding
material (i.e. inbred lines, hybrids, populations,
landraces and races), which include analysis of
pedigree and heterotic data, morphological data
and/or molecular data, such as DNA markers
(Li et al., 2002). There are several molecular
markers used for plant genetic analysis. Each
one of these marker systems offers a unique
combination of advantages and disadvantages
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(Kumar et al., 2009). They differ in the type of
sequence  polymorphism  detected, the
information content, the dominance
relationships between alleles, the amount of
DNA required, the need for DNA sequence
information in the species under analysis, the
development costs, the ease of use and the
extent to which they can be automated (Kumar
et al., 2009).

The choice of marker system is to
significant extent dictated by the specific
application and there is probably not single
class of markers that can satisfy all the needs
encountered by plant geneticists and breeders.
The RAPD has been useful technique in
studying polymorphism, identifying genes of
interest and characterizing genetic resources.
The RAPD consists in the random
amplification of the DNA fragments with a
single primer with an arbitrary sequence,
resulting in the final synthesis of several DNA
fragments, with different sizes. From this set of
fragments, it is possible to determine the
polymorphism in the DNA sequence, which
can be used as a genetic marker (Williams et
al., 1990). The RAPD markers have been a
powerful tool in the assessment of the genetic
diversity between Maize inbred lines (Srdic et
al., 2007). ISSR markers are widely used for
study of genetic fingerprinting and genetic
diversity analysis of many species of plants.
ISSR markers detect polymorphism in inter-
microsatellite loci, using a primer designed
from dinucleotide or trinucleotide simple
sequence repeats (Zietkiewicz et al., 1994,
Kumar et al., 2009).The ISSR data are useful
in the selection of inbred lines to be tested for
general and specific combining abilities and
further development of synthetics (Mbuya et
al., 2012).

Microsatellites, also known as simple
sequence repeat (SSRs), Short Tandem Repeats
(STRs) or Sequence-tagged Microsatellite Sites
(STMS), are tandemly repeated units of short
nucleotide motifs that are 1 to 6 bp long. Di-,
tri- and tetra-nucleotide repeats are widely
distributed throughout the genomes of plants
and animals (Tautz and Renz, 1984). One of

the most important attributes of microsatellite
loci is their high level of allelic variation,
making them valuable and informative genetic
markers (Xu, 2010). SSR markers have been
the most widely used DNA marker type to
characterize germplasm collections of crops
because of their easy use and detect, relatively
low price, co-dominant and the high degree of
polymorphism provided by the large number of
alleles per locus (Vignal et al., 2002).
Currently, thousands of SSR primer pairs have
been developed and mapped on corn genome,
the list of which is available in the Maize GDB
database (http://www.maizegdb.org). To date,
SSRs have been used on corn for mapping
(Taramino and Tingey, 1996), genetic
fingerprinting (Smith et al., 1997; Senior et al.,
1998) and to assess genetic diversity among
inbred lines (Lu and Bernardo, 2001; Enoki et
al., 2002; Liu et al., 2003).

In maize, one of the main tasks of
breeders involve developing improved inbred
lines and identifying the best parental
combinations for creating hybrids that are
phenotypically superior and with significantly
higher yield compared to their parents therefore
the objectives of this study are to (a) determine
of genetic diversity of seven white inbred lines
of maize using molecular markers (SSR, ISSR
and RAPD markers), (b) compare the results
from all of those markers.

Materials and methods
Plant material and DNA extraction

Seven white inbred lines of maize (Zea
maize L.) were kindly provided by the
Agricultural Research Center, Giza, Egypt and
used in this study (Table 1). Maize grains
were grown in the green house and leaves of
seedlingswere collected after ten days of
sowing and were directly ground in liquid
nitrogen using pestle and mortar. DNA
isolation and purification was carried out
using modified Cetyl-tetramethyl ammonium
bromide (CTAB) method (Saghai-Maroof et
al., 1984).
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Table 1: Maize inbred lines used in the study and their pedigree.

No.  Genotype Endosperm color Pedigree

1 Inb. 2 White G4 A E.

2 Inb. 56 White Rg - 11 g.s. (Bedia*Ci64) (S.C. 14)

3 Inb. 66 White Rg - 21 g.s. (Bedia*303) (G216*Mo2Rt)

4 Inb. 72 White Rg—29 g.s. (Syn. Laposta*303) (G216*Mo2Rt)
5 Inb. 76 White Rg—33g.s. (P1221866*307A) (S.C.14)

6 Inb. 82 White Rg — 39 g.s. (Sanjuan*307) (S.C. 14)

7 Inb. 102 White Rg —59 g.s. (Syn. Laposta*307) (S.C.14)

SSR markers:

Nine maize specific primer pairs were
used to carry out the SSR analysis (Hoxha et
al., 2004, Table 2). The PCR amplification
reactions were performed in a 25 pl volume
using 50 ng DNA containing 0.5 pmoles of
each primer pair, 100 uM of dNTPs, 2.5 pl
(1X) of Tag DNA polymerase buffer, 1.5 mM
MgCl, and 0.5 U Taq DNA polymerase
(GoTaq Flexi DNA polymerase, Promega Inc.).
The SSR reactions were carried out using

Touchdown PCR program. The main program
was 7 cycles at 94°C for 1 min, 59°C for 1 min,
decreasing 1°C in every cycle, and 72°C for 1
min, followed by 28 cycles at 94°C for 1 min,
52°C for 1 min. and 72°C for 1 min. A
denaturation step at 94°C for 2 min. and an
extension step at 72°C for 5 min. were carried
out before and after the previous programs,
respectively. PCR products were separated on
1.5 % agarose gel electrophoresis.

Table 2: SSR primers sequences, total and polymorphic bands generated by each and their polymorphic

information content (PIC).

Total

No. ALY Primer sequence # POITIEDALE PIC
name bands
bands

1 phi015 F:5-GCAACGTACCGTACCTTTCCGA-3' 3 2 0.67
R:5-ACGCTGCATTCAATTACCGGGAAG-3'

2 Phi021 F:5'- 4 3 0.75
TTCCATTCTCGTGTTCTTGGAGTGGTCCA-3'
R:5-CTTGATCACCTTTCCTGCTGTCGCCA-3'

3 Phi022 F:5-TGCGCACCAGCGACTGACC-3 6 5 0.86
R:5-GCGGGCGACGCTTCCAAAC-3'

4 Phi034 F:5-TAGCGACAGGATGGCCTCTTCT-3' 9 8 0.89
R:5-GGCGAGCACGCCTTGGTTCT-3'

5 Phi084 F:5-AGCAGAACGGCAAGGGCTACT-3' 4 1 0.75
R:5-TTTGGCACACCACGACGA-3'

6 Phi127 F:5-ATATGCATTGCCTGGAACTGGAAGGA-3 4 3 0.75
R:5-AATTCAAACACGCCTCCCGAGTGT-3'

7 Umcl014 F:5-GAAAGTCGATCGAGAGAGACCCTG-3 8 6 0.72
R:5-CCCTCTCTTCACCCCTTCCTT-3'

8 Umcll52 F:5'- 2 1 0.50
CCGAAGATAACCAAACAATAATAGTAGG-3
R:5-ACTGTACGCCTCCCCTTCTC-3'

9 Umc2050 F:5-CTCCTGCTGTGATTCTAGGACGA-3' 2 1 0.50

R:5'-CTGGATCTCGGCATGGTCTT-3'
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ISSR markers:

Eleven ISSR primers were selected in
order to carry out the ISSR analysis
(Zietkiewicz et al., 1994, Table 3). The 25ul
reaction volume contained 2.5 ul of reaction
buffer (1X), 150 uM dNTPs, 1.5 mM MgCl,, 1
UM of primer, 0.75 U Taq DNA polymerase

(GoTaq Flexi DNA polymerase, Promega Inc.)
and 50 ng of genomic DNA. The PCR program
included a denaturation step at 94 °C for 4
minutes, followed by 40 cycles at 94°C for 1
minute, 50°C for 1 minute and 72°C for 1
minute, and a final extension step at 72 oC for
4 minutes. The PCR products were separated
on 15 % agarose gel electrophoresis

Table 3: ISSR primers sequences, total and polymorphic bands generated by
each and their polymorphic information content (PIC).

No. Primer name Primer sequence -Lc;?éf Polymorphic bands PIC
1 844A 5'- (CT)sGC-3' 7 7 0.86
2 17889A 5- (CT)sAC-3' 8 7 0.88
3 HB1 5- (CT)sTG-3' 8 8 0.75
4 HB9 5- (GT)sGG-3' 10 9 0.90
5 HB12 5- (CAG)3GC-3' 8 5 0.69
6 UBC815 5'- (CT)gG-3' 7 5 0.82
7 UBC835 5- (AG)gYC-3' 6 3 0.67
8 UBC842 5- (GA)gYG-3' 5 4 0.72
9 UBC847 5- (CA)sRC-3' 7 6 0.82
10 UBC848 5'- (CA)RG-3' 6 6 0.83
11 UBC850 5- (GT)gYC-3' 8 8 0.81

RAPD markers:

Nine random 10-mer primers were used
for RAPD analysis depending upon the
literature (Carvalho et al., 2004, Table 4). A
total volume of 25 pl PCR reaction contained
75 ng template DNA, 150 uM dNTPs, 1.5 mM
MgCl,, 2.5 ul of reaction buffer (1X), 1 uM of
primer and 0.75 U Taq DNA polymerase
(GoTag Flexi DNA polymerase, Promega
Inc.). The volume was adjusted up to 25 ul by

sterialized double distilled H,0. The PCR
cycling condition involved initial denaturation
at 94°C for 3 min. followed by 35 cycles of
denaturation at 94°C for 40 seconds, annealing
at 38 °C for 35 seconds and extension at 72°C
for 40 seconds. A final extension step at 72°C
for 4 min. was conducted to extend all the
annealed primers, followed by storage at 4°C.
The PCR products were separated on 1.5 %
agarose gel electrophoresis.

Table 4: RAPD primers sequences, total and polymorphic bands generated by each

and their polymorphic information content (PIC).

No. Primer name Primer sequence L‘;ﬁéj Polymorphic bands PIC
1 OPA R4 5'-CCAGGAGAAG-3' 7 6 0.77
2 OPBI2 5-CCTTGACGCA-3' 10 9 0.78
3 OPCO7 5'-GTCCCGACGA-3' 4 2 0.63
4 OPR09 5-TGAGCACGAG-3' 8 8 0.88
5 OPWO05 5-GGCGGATAAG 3' 4 3 0.75
6 OPV03 5-CTCCCTGCAA-3 10 7 0.82
7 OPAI7 5-GACCGCTTGT-3' 10 10 0.87
8 UBC 228 5-GCTGGGCCGA-3' 4 4 0.63
9 UBC 300 5-GGCTAGGGCG-3' 4 3 0.75
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Statistical analysis:

SSR, ISSR and RAPD gel bands were
scored as 0/1 for absence/presence of bands,

codominant marker. Dendrograms were
constructed using the UPGMA method
(Unweighted  Pair-Group  Method  with
arithmetical algorithms Averages; Sneath and
Sokal, 1973) and the correlation cophenetic
coefficients were calculated. Correlations
among all obtained similarity matrices and the
cophenetic of goodness of fit of each molecular
marker analysis were performed using the
Mantel's test (Mantel, 1967) of the NTSYS
PC2.1 software (Rohlf, 2000). Polymorphism
information contents (PIC) were calculated
according to Anderson et al. (1993) using the
following simplified formula: P1Ci = 1 — 2p?ij
Where pi is the frequency of the j" allele for
marker i summed across all alleles for the
locus.

respectively. Similarity coefficient matrices
were calculated using the Jaccard similarity
algorithm (Jaccard., 1908) for RAPD and ISSR
markers, which are dominant markers, and the

simple matching algorithm for the SSR
Results and Discussion:
Molecular markers patterns

The SSR dendrogram cophenetic

goodness of fit was very high (r = 0.89, Table
5). The total number of bands generated from
SSR primers ranged from two for the primer
pairs Umc1152 and Umc2050 to nine for the
primer pair Phi034 (Table 2). The number of
polymorphic bands ranged from one band for
the primer pairs Phi084, Umcll52 and
Umc2050 to eight for the primer pair Phi034
(Table 2). The polymorphic information
content for the SSR primers was generally
moderate to high and ranged from 0.50 for the
primer pairs Umc1152 and Umc2050 to 0.89
for the primer pair Phi034 (Table 2).

Table 5: Mantel’s test of the different types of molecular markers used in the study

SSR ISSR RAPD
SSR 0.89
ISSR 0.66 0.92
RAPD 0.57 0.60 0.69

The goodness of fit of the ISSR
analysis was very high (0.92, Table 5). A total
of ten bands were generated from the primer
HB9 and it was the highest total bands number
generated from the ISSR primers. The smallest
bands number (five bands) was obtained from
the primer UBC842 (Table 3). The number of
polymorphic bands ranged from three bands for
the primer UBC835 to nine bands for the
primer HB9 (Table 3). The polymorphic
information content for the ISSR primers was
generally very high and ranged from 0.67 for
the primer UBC835 to 0.90 for the primer
HB12 (Table 3).

The cophenetic of RAPD dendrogram
showed high goodness of fit of cluster analysis
(r = 0.69, Table 5). The number of total bands
produced from the RAPD primers ranged from
four bands for the primers OPCO07, OPWO5,
OPC228 and UBC300 to 10 for the primers
OPB12, OPV03 and OPAL17 (Table 4). The

number of polymorphic bands for RAPD
analysis ranged from two bands for the primer
OPCO7 to ten for the primer OPA17 (Table 4).
The polymorphic information content for the
RAPD primers ranged from 0.63 for the
primers OPC07 and OPC228 to 0.88 for the
primer OPRQO9 (Table 4).

It seems that the goodness of fit of the
analyses are very high (r= 0.89, 0.92 and 0.69
for SSR, ISSR and RAPD respectively, Table
2) which reflect the reliability of the analyses.
High polymorphic percentages and high
polymorphic information contents have been
obtained from the present results indicating the
efficiency of the analyses to detect the genetic
diversity among the inbred lines in maize. The
present results are in contiguous with those
found by other researchers such as Abdellatif
and Khidr.,, (2010). They found high
polymorphic  information  contents and
polymorphisms among the maize inbred lines
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and the hybrids which they produced using
those inbred lines.

Cluster analysis of molecular markers
The SSR analysis was able to separate

maize inbred lines into two main clusters (Fig.
1). The first cluster contained the inbred lines

Inb56, Inb66 and Inb72, while the second
cluster included the inbred lines Inb76, Inb82
and Inb102. The inbred line Inb2 was separated
away from the other two clusters (Fig. 1). The
most related inbred lines according to SSR
markers were inbred lines Inb76 and Inb82
followed by Inb66 and Inb72.

Inb2

Inb56

Inb66

Inb72

I— Inb76

I— Inb82

Inb102

r T T T T T
065 073

Coefficient

T T T T T 1
0.89 097

Fig. 1: Cluster dendrogram of maize inbred lines depending upon SSR markers using simple
matching similarity coefficient and UPGMA method.

According to ISSR cluster analysis,
maize inbred lines were separated into two
main clusters (Fig. 2). The first cluster included
both inbred lines Inb2 and Inb56. The second
cluster divided into two branches, the first
branch contained the inbred line Inb102 while

the second branch included the inbred lines
Inb66, Inb72, Inb76 and Inb82 (Fig. 2). The
inbred lines Inb66 and Inb72 were the most
related inbred lines comparing to the other
inbred lines followed by Inb76 and Inb82.

Inb2

Inb56

— Inb66

— Inb72

Inb76

Inb82

Inb102

r T T T T T T T T T T
045 052 059

Coefficient

T T T T T 1
067 074

Fig. 2: Cluster dendrogram of maize inbred lines depending upon ISSR markers using
Jaccard’s similarity coefficient and UPGMA method.
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According to RAPD cluster analysis,
the maize inbred lines were separated into two
main clusters (Fig. 3). The first cluster
contained both inbred lines Inb2 and Inb56
likely to ISSR cluster analysis. The second
cluster included the inbred lines Inb66, Inb102,

Inb76 and Inb82. The inbred line Inb72 was
separated from the second cluster (Fig. 3). The
most related inbred lines according to RAPD
data were the inbred lines Inb76 and Inb82
followed by the inbred lines Inb66 and Inb102

(Fig.3).

Inb2

Inb56

Inb66

Inb102

Inb76

Inb82

Inb72

r T T T T T T T T T T
049 054 058

Coefficient

T T T T T 1
063 068

Fig. 3: Cluster dendrogram of maize inbred lines depending upon RAPD markers using
Jaccard’s similarity coefficient and UPGMA method.

It seems that both ISSR and RAPD
results are similarly hence both markers are
dominant markers and their results are differed
from the SSR results. It is known that SSR
markers are the best markers for genetic
diversity determination (Holton ., 2001).
From its results, the inbred line Inb2 seems to
be differed from the other inbred lines and that
is why it was used to create most of the
Egyptian maize hybrids like single cross 10
and the triple cross 310.

Abdellatif and Khidr., (2010) studied
the genetic diversity of new Egyptian maize
hybrids based on SSR markers as compared
with other molecular and biochemical markers.
They found almost the same results; hence the
SSR markers gave better resolution of the
genetic diversity among the hybrids and their
parents. They reported that the genetic
relationships among the different inbred lines
can be estimated efficiently using SSR
markers. Morales et al., (2010) also found
better performance of SSR markers when
compared to the clustering based on genetic
distance (UPGMA-Modified Roger’s

Distance). In another study, Hoxha et al.,
(2004) reported that SSR markers are powerful
tool for detection of genetic diversity in maize
population.

Molin et al., (2013), on the other hand,
studied the genetic diversity of different
Brazilian maize landraces derived from
different tropical sites using RAPD, SSR and
AFLP markers. They revealed high levels of
variability across landraces within and between
collection sites and they obtained comparable
results from the different types of molecular
markers. Yu et al, (2012) examined the
genetic diversity of 80 inbred waxy maize lines
using 22 SSR molecular markers and they
obtained nine groups of those inbred lines.
They concluded that it was more accurate to
determine the difference between the
populations using the highly stable DNA
genetic markers.
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Mantel’s test

Mantel's test was used to determine the
correlation  between different types of
molecular similarity matrices. There is a
moderately correlation between the molecular
similarity matrices (Table 5). The correlation
between SSR and ISSR markers was 0.66
while it was 0.57 between SSR and RAPD
markers. The correlation between ISSR and
RAPD markers was 0.60 (Table 5).

These results are in agreement with
those found by some researchers. Budak et al.,
(2004) reported that correlation coefficient
between between ISSRs and SSRs was r=0.66
while Leal et al., (2010) compare the groups
formed using SSR and RAPD markers and
found relatively high correlation (0.55)
between RAPD and SSR markers. Abdellatif
and Khidr., (2010) found also comparable
results in their study.

It can be concluded that all types of
molecular markers are efficient to study the
genetic diversity in maize. Among the different
types of molecular markers, SSR is more
accurate marker because of its co-dominance
and stability of the results. It can be said also
that the inbred line Inb2 is different from the
other inbred lines and could be used in
different combinations with other inbred lines
to create new efficient maize hybrids. It can be
said also that SSR markers are more reliable
than both ISSR and RAPD markers and their
results can be considered for genetic
relationships studies. Thus, it can be said that
Inb 2 could be used for hybridization with all
other inbred lines used in this study except of
the inbred line Inb 56 to give single cross with
the highest growth vigorous.

References:

Abdellatif K. F. and Khidr Y. A.. (2010).
Genetic diversity of new maize hybrids
based on SSR markers as compared with
other molecular and biochemical markers.
J. Crop Sci. Biotech.,13 (3): 139-145.

Anderson J. A., Sorrels M. E. and Tanksley S. D.
(1993). RFLP analysis of genomic regions
associated to preharvest sprouting in wheat.
Crop Sci. 33:453-459.

Budak H., R. C. Shearman, I. Parmaksiz and
Dweikat 1. (2004). Comparative analysis of
seeded and vegetative biotype
buffalograsses based on phylogenetic
relationship using ISSRs, SSRs, RAPDs,
and SRAPs. Theor. Appl. Genet. 109:280-
288.

Carvalho V. P., Ruas C. F., Ferreira J. M.,
Moreira M. P. And Ruas M. (2004).
Genetic diversity among maize (Zea mays
L.) landraces assessed by RAPD Markers.
Genet. Mol. Biol. 27 (2) 228-236.

Enoki, H.; Sato H., and Koinuma, K. (2002) SSR
analysis of genetic diversity among maize
inbred lines adapted to cold regions of
Japan. Theor. Appl. Genet. 104(8): 1270-
1277.

FAOSTAT (Food and Agriculture Organization
of the United Nations). (2013). on-line
statistical service. Rome: FAO. Available
on-line at http://apps.fao.org.

Holton T. A. (2001). Plant Genotyping by
analysis of microsatellites. Chapter 2 of
Plant Genotyping: the DNA Fingerprinting
of plants book (ed. R. J. Henery): 15-27.

Hoxha S., Shariflou M. R. and Sharp P. (2004).
Evaluation of genetic diversity in Albanian
maize using SSR markers. Maydica 49 :
97-103

Jaccard P. (1908). Nouvelles recherches sur la
distribution florale. Bull. Soc. Vaudoise
Sci.Nat. 44: 223-270.

Kumar, P., Gupta V. K., Misra A. K., Modi D.
R., and Pandey B. K. (2009). Potential of
molecular markers in plant biotechnology.
Plant Omics J., 2(4), 141-162.

Leal A. A., Mangolin C. A., do Amaral Junior A.
T., Gongalves L. S. A., Scapim C. A., Mott
A. S., Eloi I. B. O., Cordoves V. and da
Silva M. F. P. (2010) Efficiency of RAPD
versus SSR markers for determining
genetic diversity among popcorn lines
Genet. Mol. Res. 9 (1): 9-18.

Li, Y., DuJ.,,Wang T., Shi Y., Song Y. and Jia J.
(2002) Genetic diversity and relationships
among Chinese maize inbred lines revealed
by SSR markers. Maydica, 47: 93-101.

Liu K., Goodman M., Muse S., Smith J. S,
Buckler E. and Doebley J. (2003) Genetic
structure and diversity among maize inbred
lines as inferred from DNA microsatellites.
Genetics, 165(4): 2117-2128



Maize Genetic Diversity By Molecular Markers

51

Lu H. and Bernardo R. (2001) Molecular marker
diversity among current and historical
maize inbreds. Theor. Appl. Genet. 103(4):
613-617.

Mantel N. (1967). The detection of disease
clustering and a generalized regression
approach. Cancer Res 27:209-220.

Mbuya K., Nkongolo K. K., Narendrula R.,
Kalonji-Mbuyi A. and Kizungu R. V.
(2012) Development of quality protein
maize (QPM) inbred lines and genetic
diversity assessed with ISSR markers in a
maize breeding program. American J. Exp.
Agric., 2(4): 626-640.

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

Morales M., Decker V., and Ornella L.. (2010).
Analysis  of genetic diversity in
Argentinean heterotic maize populations
using molecular markers. Cien. Inv. Agr.
37(1): 151 - 160.

Rohlf F. J. (2000). NTSYSpc. Numerical
taxonomy and multivariate  analysis
system, version 2.02c. Exeter Software,
New York.

Saghai-Maroof M. A., Soliman K. M., Jorgensen
R. A. and Allard R. W. (1984). Ribosomal
DNA spacer length polymorphism in
barley. Mendelian inheritance,
chromosomal location and population
dynamics. Proc. Nat. Sci. 81: 8014-8018.

Senior M. L., Murphy J. P., Goodman M. M. and
Stuber C. W. (1998) Utility of SSRs for
determining  genetic  similarities and
relationships in maize using an agarose gel
system. Crop Sci. 38: 1088-1098.

Smith J. S. C., Chin E. C. L., Shu H., Smith O.
S., Wall S. J., Senior M. L., Mitchell S. E.,
Kresovich S., and Ziegle J. (1997) An

evaluation of the utility of SSR loci as
molecular markers in maize (Zea mays L.):
comparisons with data from RFLPS and
pedigree. Theor. Appl. Genet. 95(1): 163-

173.

Sneath P. H. A. and Sokal R. R. (1973)
Numerical taxonomy. Freeman, San
Francisco.

Srdic J., Mladenovic Drinic S., Pajic Z., and
Filipovic M. (2007) Characterization of
maize inbred lines based on molecular
markers, heterosis and pedigree data.
Genetika, 39 (3) 355 — 363.

Taramino G. and Tingey S. (1996) Simple
sequence repeats for germplasm analysis
and mapping in maize. Genome 39(2):
277-87

Tautz D. and Renz M. (1984) Simple Sequences
are Ubiquitous Repetitive Components of
Eukaryotic Genomes. Nucleic Acids Res.
12(10): 4127-4138.

Vignal A., Milan D., SanCristobal M. and Eggen
A. (2002) A review on SNP and other
types of molecular markers and their use in
animal genetics. Genet. Sel. Evol. 34:275—
305.

Williams J. G. K., Kubelik A. R., Livak K. J.,
Rafalski J. A. and Tingey S. V. (1990)
DNA polymorphisms amplified by
arbitrary primers are useful as genetic
markers. Nucleic Acids Res., 18: 6531-
6535.

Xu Y. (2010) Molecular plant breeding. CAB
International, Oxfordshire, UK.

Yu R. H, Wang Y. L., Sun Y. and Liu B.
(2012) Analysis of genetic distance by
SSR in waxy maize. Genet Mol Res. Feb
3; 11(1):254-60.

Zietkiewicz E., Rafalski A. and Labuda D.
(1994) Genome fingerprinting by simple
sequence repeat (SSR)-anchored
polymerase chain reaction amplification.
Genomics, 20: 176-183.


http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=22370892
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=22370892
http://www.ncbi.nlm.nih.gov/pubmed?term=Sun%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22370892
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22370892
http://www.ncbi.nlm.nih.gov/pubmed/22370892

Kamal F. Abdellatif et al. 52

Al YAl aladiuls Lugste Lualsd) 8,30 Sl el il
ciblll s b JaS g gpodll Jpara dare Flew

o Dbl el SV (e g lal D0 aladiuly Lelill 531 e EYL drs B Sl gsull Ay s
s . orficsane b msuns Aaalil) )3 YL Juab e 5006 (Aading) JVall o2a il 85 SSR, ISSR , RAPD
O 4 RAPD SISSR Agyiall JVall iy IND56 dsill ADL pe dlaiic desane 3 IND2 Ll ADL Ciliai)
«INb76 <INb72 (INbB6 Y3l i . SSRJN UVl lids (5 AY) VM JS (e laey IND2 4il) ADLL Ciliais)
JBISSR Ul (ge JS il ¢l a5 Agiyiall JWA g5l apand 5 5aals degens 8 cilady 28 InD102 <INb82
NS o Jsill (Says - SSRU) U (e ldle Jpmall & il il e ddbide LeSly 5 aa ) 4y)lie RAPD
O Jsill oSa 13y e IS aSsinall 5abudl danla (553 RAPD 5 ISSRJ) Ja (e ddsise 381 o8 SSRJI
A DL o JAl e Ly Asalall B3 gl Gn A8 BN Asha Sl 0S8 b G (Se Leadls
dad el elacy clldy INb56 Al ADL) ae V) (A 380 CVM) paes po gl 8 Lgalaiinl oy IND56
Al oda b deaiiad)l L G Cmgl) 55l



