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Genomes of barley, maize, rice, wheat and sorghum were characterized based on three different mole-
cular markers based on DNA sequence namely; Amplified Fragment Length Polymorphisms (AFLP),
Simple Sequence Repeats (SSR) and Inter Simple Sequence Repeats (ISSR) markers. Five AFLP primer
combinations were used for fingerprinting six cultivars which belongs to barley, rice and wheat
cultivars leading to the production of numerous AFLP bands, 300 of them were polymorphic. Thirty SSR
markers were obtained from fingerprinting eight cultivars belonging to the five studied species using 11
SSR primers, whereas 91 ISSR markers were obtained from fingerprinting the same cultivars using 10
ISSR primers. All data were analyzed using Numerical Taxonomy System of Multivariate Statistical
(NTSYS-pc) software packages to address the relationship and studying the synteny between the
genomes of the five cereal species. The resulted dendrogram revealed that rice, barley and wheat
genomes are more related to each other than sorghum and maize genomes that appeared close
relatedness to each other but distant from other cereal's genomes under study. Barley and wheat
genomes revealed close relatedness to each other compared to rice genome.

Key words: Amplified fragment length polymorphisms (AFLP), simple sequence repeats (SSR), inter simple
sequence repeats (ISSR), wheat, barley, rice, synteny.

INTRODUCTION

The family Poaceae contains the most economic cereals;
the cultivated barley (Hordeum vulgare L.) and wheat

*Corresponding author. E-mail: elrabey@hotmail.com.

Abbreviations: RFLP, Restriction ~ fragment  length
polymorphism; RAPD, randomly amplified polymorphic DNA;
AFLP, amplified fragment length polymorphism; SSR, simple
sequence repeats; SNPs, single nucleotide polymorphism;
PCR, polymerase chain reaction; ISSR, inter simple sequence
repeats.

(Triticum aestivum L.) belong to tribe Triticeae, maize
(Zea mays L.) belongs to the tribe Andropogonae,
whereas the cultivated rice (Oryza sativa L.) belongs to
tribe Oryzeae and both tribes belong to the family
Poaceae, whereas Sorghum (Sorghum bicolor L.)
belongs to the tribe Andropogoneae of the same family.
The food and agriculture organization (FAO) report
(1985) ranked wheat as the most important crop plant
followed by rice, maize and then barley.

Barley, wheat, rice, sorghum and maize are very
important crops for human diet and animal forage. These
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staple food cereal crops are thought to be derived from
an ancestral plant about 60 million years ago. This rela-
tively recent evolutionary event means that their genome
structures might be conserved. Rice has the most
compact genome among them. This has been suggested
by mutual mapping of molecular markers among rice,
maize, wheat and barley (Moore et al., 1995). The geno-
mes of grass species vary enormously in size. The small-
est at 400 Mb, is found in rice; the largest at 17000 Mb is
found in wheat. Although some of the differences in
genome size result from the fact that wheat is an allo-
hexaploid, whereas rice is diploid, a far more important
factor is the large variation from one species to the other
in types and amount of repetitve DNA se-quences
present (Hartl and Jones, 2001).

Previous studies showed that all cereal crops are
closely related to each other and the whole group of
Triticeae can be considered as a single gene pool be-
cause of the similarity of genetic contents and the co-
linearity of gene loci of the chromosomes of barley and
other members of Triticeae particularly wheat and to a
limited and partially useful synteny between wheat and
rice chromosomes (Islam, 1983; Islam and Shepherd,
1992; Mohler and Jahoor, 1996 and Gallego et al., 1998;
Liu et al., 2006; Messing, 2009).

Moore (1992) and Moore et al. (1995) reported that,
although wheat has one of the largest genomes (1.7 x
10" bp) and rice has one of the smallest plant genomes
(4 x 10% bp). It has been observed that a significant micro-
synteny is present between the two genomes. Mean-
while, Gallego et al. (1998) reported that comparative
genetic mapping among cereal genomes has demon-
strated that homologous single-copy sequences or genes
are collinear on the restriction fragment length poly-
morphism (RFLP) maps of wheat, barley, rye, oat, maize
and rice. This has allowed the maps of several members
of the Gramineae family to be compared and the synteny
of these genomes to be defined. The Lrl0 leaf rust
resistance gene on wheat chromosome 1AS co-
segregates with the Lrk10 receptor-like kinase gene. The
rice gene corresponding to Lrk10 is mapped on rice
chromosome 1. This region corresponds to the distal part
of barley chromosome 3H and wheat chromosomes 3A
and 3B, suggesting that the synteny is conserved bet-
ween rice chromosome 1 and the Triticeae group 3S
chromosomes up to the telomere of the chromosomes.
Bennetzen and May (2003) studied the genetic colinearity
of rice and maize, rice, sorghum, barley and wheat on the
basis of genomic sequence analysis. Yang and Ben-
netzen (2009) studied the distribution, diversity, evolution,
and survival of Helitrons in the maize genome.

The synteny between barley and rice genomes was
evident through several studies. Leister et al. (1999) iden-
tified homology of resistance genes present in both
barley and rice. At the same time, Druka et al. (2000)
found that a synteny at high resolution levels has been
established between the region of barley chromosome

7(5H) containing the rpg4 locus and the subtelomeric
region of rice chromosome 3 between markers S16474
and E10757. Smilde et al. (2001) using rice expressed
tags, scored a synteny between rice chromosome 1 and
barley chromosome 3H. Buell et al. (2005) stated that
rice (O. sativa L.) chromosome 3 is evolutionarily con-
served across the cultivated cereals and shares large
blocks of synteny with maize and sorghum, which
diverged from rice more than 50 million years ago.

Hartl and Jones (2001) stated that each chromosome
in wheat contains approximately 25 times as much DNA
as each chromosome in rice. Yu et al. (2002) produced a
draft sequence of the rice genome for the most widely
cultivated subspecies in China, O. sativa L. ssp. indica,
by whole-genome shotgun sequencing. The genome was
466 megabases in size, with an estimated 46,022 to
55,615 genes. El Rabey et al. (2006) analyzed the maize
genome and studied the intercultivar relationships of 7
maize varieties based on biochemical and molecular
markers. Wicker et al. (2009) studied the intraspecific
diversity in wheat and barley genomes and identified
breakpoints of ancient haplotypes and provided insight
into the structure of diploid and hexaploid Triticeae gene
pools.

In the last two decades, the discontinuous molecular
makers such as RFLP, randomly amplified polymorphic
dna (RAPD), amplified fragment length polymorphism
(AFLPs), simple sequence repeats (SSR) and single
nucleotide polymorphism (SNPs) have been used as
genetic markers for measuring the genetic differences
existing in the genomes, because they measures homo-
logy in DNA sequence. These markers have been
traditionally used by plant geneticists and breeders to
study intraspecific genetic variability (Heun et al., 1997;
Badr et al., 2000; El Rabey et al., 2002). They have also
the potential to assist in interspecific comparisons
(Bachmann, 1998). They reveal variations in nucleotide
sequences (polymorphism) and are used for genetic
analysis because, at an allelic locus, they are inherited
according to Mendel’s laws. This characteristic makes it
possible to calculate the genetic distance between taxa
and to summarize the results in genetic maps. Powell et
al. (1996) suggested that AFLPs provide high levels of
delineation of complex genetic structures, whereas
Winfield et al. (1998) suggested AFLPs as reliable and
informative multilocus probes. Furthermore, Huang et al.
(2000) stated that the AFLP markers are combining the
features of RFLP and polymerase chain reaction (PCR)
while avoiding the disadvantages encountered in these
DNA markers. The AFLP markers were efficiently used in
the analysis of the genetic diversity for genetic map
construction and cultivar differentiation in barley (Becker
et al., 1995 and El Rabey et al., 2002), wheat (Burkhamer
et al., 1998; Huang et al., 2000) and rice (Mackill et al.,
1995; Gustafson and Yano, 2000).

Bennetzen and May (2003) mentioned that many more
studies to compare orthologous genome organization in
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rice and other cereals are needed. So, the aim of the
current study is to conduct the same line in discovering
more colinearity among the four cereal genomes using
advanced molecular technologies based on DNA ampli-
fication and sequencing and consequently comparison of
data with those deposited in the bioinformatics databases
for application purposes in cereal crops improvement.

In the present study an attempt was made in order to
prove the actual relationships among the five cereal
crops through comparison of their genetic composition
reflected by DNA fingerprinting based molecular markers
used on DNA sequence such as AFLP, inter simple
sequence repeats (ISSR) and SSR markers and other
molecular data from bioinformatics databases.

MATERIALS AND METHODS
First experiment

Seeds of six cultivars representing three cereal crops: barley
(ACSAD and ALEXIS), rice (Egyptian Jasmine and Sakha 101),
and wheat (Gemmiza 3 and Giza 160) were used. Barley cultivars
were obtained from the Desert Research Center, whereas wheat
and rice seeds were obtained from the National Research Center,
Giza, Egypt.

DNA extraction and amplified fragment length polymorphisms
(AFLP) fingerprinting

The seeds were grown under greenhouse conditions and young
leaves of three to five actively growing plants were collected in
sterilized 50 ml polypropylene tubes and immediately frozen in
liquid nitrogen. 0.3 g of the frozen plant materials were ground in
liquid nitrogen using mortar and pistil. DNA was extracted
immediately using the CTAB method (Saghai-Maroof et al., 1984).

AFLP fingerprinting was performed using the method of Vos et al.
(1995), with the omission of streptavidin beads. Five primer
combinations namely, E36/M41, E37/M40, E40/M40, E40/M41, and
E37/M41 were constructed by MWG-Biotech GmbH, Ebersberg,
Germany and were used for PCR amplification. The sequences of
these primers are as follows: (EcoRI primers: E36: 5-GAC TGC
GTA CCA ATT C ACC-3, E37: 5-GAC TGC GTA CCA ATT C ACG-
3, E40: 5-GAC TGC GTA CCA ATT C AGC-3, Msel primers: M40:
5-GAT GAG TCC TGA GTA A AGC-3, M41: 5-GAT GAG TCC TGA
GTA A AGG-3).

The amplified fragments were separated on 4.5% polyacrylamide
gels and exposed to X-ray film (Hyperfim-MP; Amersham
Pharmacia) at room temperature to visualize the bands as
autoradiographs.

Second experiment

Eight samples representing barley, maize, rice, sorghum and wheat
were further investigated using SSR and ISSR to address their
relationship to each other and study the synteny between the
genomes of the five species. Barley was represented by two
samples from Jazan and Qassim, wheat was represented by Sakha
1 and Sids 1, rice is represented by Sakha 101 and a maize sample
and two sorghum samples (white and red) from Jeddah market.
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Microsatellite (SSR) assay

11 SSR markers were selected to represent the entire rice genome
based on the published framework map (Akagi et al. 1996;
Temnykh et al., 2000) and were tested in the other genomes under
study. These primers were constructed by Metabion International
AG, D-82152 Martinsried, Germany). The loci, chromosomal
location, primer sequence, annealing temperature (Tm) and
fragment size are presented in Table 1.

DNA amplification was carried out in 25 pl reaction mixture
containing 50 ng genomic DNA in 5ul, 2.5 pyl 10X PCR buffer, 2 pl
mM MgCl,, 2 ul of each of the forward and reverse primers (10 PM),
25 pl of 0.2 mM dNTPs (from Promega) and 0.5 pl Tag DNA
polymerase (GoTag Flexi DNA polymerase from Promega) and 8.5
ul didistilled deionized water. PCR amplification was carried out as
described by Temnykh et al. (2000) as follows: 5 min at 94°C
followed by 35 cycles of 1 min 94°C, 1 min 55°C and 2 min at 72°C,
with a final extension of 5 min at 72°C. The amplification product
was resolved on 1.5% agarose gel against 1 kb DNA ready load
ladder from Solis BioDyne, Riia 185a, 51014 Tartu, Estonia.

Inter simple sequence repeats (ISSR) fingerprinting

Ten specific ISSR primers were constructed by Metabion
International AG, D-82152 Martinsried, Germany) for fingerprinting
the studied genotypes of barley, maize, rice, sorghum and wheat as
presented in Table 2. Amplification which was carried out in 20 pl
reaction consists of 4 yl master mix (5 x Fire Pol Master Mix from
Solis BioDyne, Riia 185a, 51014 Tartu, Estonia), 2 yl 10 PM of
each primer, 50 to 100 ng genomic DNA in 2 pl and 12 pl of
sterilized distilled water. The reaction was carried out in Biorad
thermocycler programmed as follows: denaturation (one cycle)
94°C for 2 minutes, followed by 30 cycles (94°C for 30 s, 44°C for
45 s, 72°C for 1 min and 30 s) and finally one cycle at 72°C for 20
min. The PCR product was separated against 100 bp+ 1.5 Kb+ 3
Kb DNA Ladder was purchased from SibEnzyme Ltd, Russia on
1.5% agarose gel. The ISSR bands were detected on UV-
transilluminator and photographed by Gel documentation system.
Table 2 shows the name and sequence of the 10 ISSR primers
used in fingerprinting the genotypes under study.

Scoring and analysis of data

AFLP autoradiographs as well as SSR and ISSR data were scored
as binary system where 1 and 0 indicate the presence or absence
of a particular band, respectively. All data were analyzed using the
Numerical Taxonomy System of Multivariate Statistical Program
(NTSYS-pc) software package version 1.8 (Rohlf, 1993). The data
were computed using SAHN (Sequential, Agglomerative, Hierarchi-
cal, and Nested methods) cluster analysis (Sneath and Sokal,
1973). The rooted trees were constructed using the UPGMA
method (Sokal and Michener, 1958).

RESULTS
First experiment

Three hundred polymorphic AFLP bands were produced
as a result of fingerprinting the six cultivars of barley, rice
and wheat using the five primer combinations. Figure 1
shows examples of digested and amplified DNA using
AFLP technology for the six taxa of the first experiment
using primer combination E36/M41. Table 3 shows the
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Table 1. Name, sequence, chromosomal location, number of amplicons and melting temperature of SSR markers used in investigating

cereal samples under study.

Primer name Sequence Chromosomal  No. of amplicons  Temperature

q location resuted (C)
LEA f: 5-ATGGCTCGCTGCTCTTACTC-3 5 (H) 1 60
LEAT: 5-TCAGTGAGAGGATCGATTGAAC-3 60
MGB391 F: 5-AgCTCCTTTCCTCCCTTCC-3 2 (2H) 1 59
MGB391 R: 5-CCAACATCTCCTCCTCCTgA-3’ 60
MGB396 F: 5-CgCTAQCTTgTTTCTCgTTTQ-3’ 4 (4H) 3 59
MGB396 R: 5-TCgCATggCATCAACTACAgQ-3’ 58
MGB402 F: 5-CAAgCAAgCAAgCAGAGAQA-3’ 5 (1H) 4 58
MGB402 R: 5-AACTTgTggCTCTgCgACTC-3’ 60
MGB371 F 5-CACCAAgTTCACCTCgTCCT-3 6 (6H) 4 60
MGB371 R: 5-TTATTCAggCAGCACCATTg-3’ 56
Bmagl49 F: 5-CAAgCCAACAQggTAgTC-3’ 5 (1H) 1 56
Bmagl149 R: 5-ATTCggTTTCTAgAggAAgAA-3’ 55
MGB356 F: 5-TggTCTggAgCTCTCAACAgG-3’ 6 (6H) 1 60
MGB356 R: 5-AAgCCACATTgAAggAgCAC-3’ 58
Bmag210 F: 5’-ACCTACAQTTCAATAQCTAgTACC-3’ 6 (6H) 1 62
Bmag210 R: 5’-gCACAAAACOATTACATCATA-3’ 54
MGB384 F: 5-CTgCTgTTgCTgTTgTCgTT-3' 7 (5H) 5 58
MGB384 R: 5’-ACTCggggTCCTTgAQTATQ-3’ 60
BMSO2F: 5'-AgAGTAGTGGAAAGAAAGTT-3' 7 5H) 6 52
BMS02 R: 5-TggTAgTgAgATgAggTgAC-3’ 58
MGB318 F: 5’-CggCTCAAggTCTCTTCTTC-3 60
MGB318 R.: 5-TATCTCAgATgCCCCTTTCC-3 7 (5H) 2 58
Total 30

frequency of presence or absence of a specific AFLP
marker in the various taxa under study. Sixty four bands
were found common to all studied taxa but absent in one
or more cases. Twelve bands were common only to the
two barley cultivars, 50 bands were common only to the
two rice cultivars and 28 bands were common to the two
wheat cultivars. Twenty bands were common to all barley
and rice cultivars, another 20 bands were common to all
rice and wheat cultivars and 35 bands were common to
all wheat and barley cultivars. Twenty one bands were
polymorphic in barley and rice cultivars, 29 bands were
polymorphic in rice and wheat cultivars and 21 bands

were found polymorphic in barley and wheat cultivars.
This means that 56 bands were common to barley and
wheat, 49 bands were common to wheat and rice and 41
bands were common to barley and rice. Six primers failed
to amplify any SSR in the studied cereal samples.

Amplified fragment length polymorphisms (AFLP)
data analysis

The scored AFLP data (300 AFLP fragments) were
analyzed using NTSYS-pc program to address the
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Table 2. ISSR primers used in fingerprinting the studied cultivars, their names, sequence and number and the molecular
weight of markers produced.

Primer name Sequence No. of markers resulted Marker molecular weight bp

ISSR-814 (CT)s TG 8 380-680

ISSR-844A (CT)s AC 9 400-1100

ISSR-844B (CT)s GC 7 380-1100

ISSR-HB 8 (GA)s GG 6 650-1200

ISSR-HB 9 (GT)e GG 10 420-1500

ISSR-HB10 (GA)s CC 11 300-900

ISSR-HB11 (GT)s CC 7 240-700

ISSR-HB13 (GAG)3 GC 9 300-750

ISSR-HB14 (CTC); GC 17 200-1200

ISSR-HB15 (GTG) sGC 7 250-1400

Total 91
= relationship between the three crops; barley, wheat and
2 = rice based on the AFLP data. Figure 2 shows the
< E 5% — dendrogram representing the relationships between the
500 &35 E8 three crops.
=y IS =3 = E < Barley and wheat cultivars are closely related to each
ST S Q‘i o other than to rice, which appeared little distant from both
O N O = of them. At the same time, each two cultivars of the same
Sonomorre ==

330 bP —

250 bP — | -

200 bp — |

150 bp —

Figure 1. Examples of AFLP autoradiografic
profiles of AFLP fragments of the six cereal

cultivars using primer combination E36/M41.

crop were clustered together closer to each other than to
those cultivars belonging to different species.

Second experiment
Simple sequence repeats (SSR) analysis

Thirty SSR markers with molecular weight ranges from
200 to 1300 bp were produced as a result of amplification
of the genomic DNA of the studied cereal genotypes
using 11 SSR primers (Table 1). Figure 3 shows an
example of amplified genomic DNA of the studied
samples using primer MGB396. One SSR marker was
resulted from each of the following primers: LEA (700
bp), MGB391 (200 bp), Bmagl49 (850 bp), MGB356
(480 bp), Bmag210 (600 bp). Two markers were
produced from MGB318 Primer (450, 580 bp), and three
marker were produced from MGB396 primer (200, 260,
300 bp) and four markers were produced using MGB402
primer (200, 280, 300, 320 bp) and MGB371 primer (200,
250, 300, 320 bp) and six markers were produced using
primer MGB384 (250, 270, 420, 500, 720, 750 bp) and
BMSO02 primer (300, 320, 600, 1000, 1050, 1300 bp).

The relationship between the studied cereal cultivars
based on simple sequence repeats (SSR) data
analysis

The thirty SSR markers were analyzed using NTSYS-
PC2 program according to their appearance or absence
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Table 3. Frequency of AFLP markers in the studied cereal taxa of the first experiment.

H1+H2+
R1+R2

B1+B2+
W1+W2

R1+R2+

B1=H2 R1+R2 W1+W2 W1+W2

B1+or B2+
R1+or R2

B1+or B2+W1+or
W2+ R1+or R2

R1+or R2+ B1+or B2+

Witor W2 Wi+or W2 Total

12 50 28 20 20 35

21

29 21 64 300

B= Barley, R=rice and W= wheat.

barleyl

barley2

wheatl

wheat2

ricel

0.8l

Coefficient

Figure 2. The relationships between barley, rice and wheat based on AFLP data and using NTSYS-pc.

to address the genetic relationship among the eight
cereal cultivars as shown in Figure 4. The maize sample
was clustered with the two sorghum samples in one
group distant from the other taxa. The second group is
divided into two sub groups the first one consists of four
taxa containing all barley and wheat cultivars. The two
wheat samples were grouped together and the other two
cultivars of barley were grouped together. The other sub-
group consists of rice which appeared more related to
barley and wheat more than other cultivars.

Inter simple sequence repeats (ISSR) analysis

Ninety one ISSR markers ranged from 200 to 1500 bp
were obtained as a result of fingerprinting the eight cereal
samples under study using the 10 ISSR primers indicated
in Table 2 as follows: eight markers ranging from 380 to
680 bp were obtained using primer 814, nine ISSR
markers ranging from 400 to 1100 bp were obtained
using primer 844 A, seven markers ranging from 380 to
1100 bp were obtained using primer 844B, six markers
ranging from 650 to 1200 bp were obtained using primer
HB 8, ten markers ranging from 420 to 1500 bp were

obtained using primer HB 9, eleven markers ranging from
300 to 900 bp were obtained using primer HB 10, seven
marker ranging from 240 to 700 bp were obtained using
primer HB 11, nine markers ranging from 300 to 750 bp
were obtained using primer HB 13, 17 markers ranging
from 200 to 1200 bp were obtained using primer HB 14
and seven markers ranging from 250 to 1400 bp were
obtained using primer HB 15. Figure 5 shows an example
of ISSR-PCR using HB14 ISSR primer.

The relationship between the studied cereal cultivars
based on ISSR data analysis

The resulted 90 ISSR data were analyzed using NTSYS-
PC2 program to address the genetic relationship among
the eight cereal cultivars as shown in Figure 6. The result
of the ISSR data analysis is nearly similar to that pro-
duced from SSR data analysis. The two wheat genotypes
were grouped together and appeared close relatedness
to the the two barley cultivars of barley that were grouped
also together. The rice sample revealed high relatedness
to both barley and wheat genotypes followed by sorghum
and maize that appeared distant from all genotypes.
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Figure 3. Examples of amplified genomic DNA of the studied cereal
samples using primer for MGB396 SSR marker.
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Figure 4. The relationship of the studied cultivars based on SSR data analysis using NTSYS-pc program.
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Figure 5. Amplified ISSR markers of the studied cereal genomic

DNA using HB14 ISSR primer.

DISCUSSION

The phylogenetic studies based on AFLP, SSR and ISSR
are considered based on DNA sequence homology of the
studied genotypes, because the common bands are
considered similar in DNA sequence data. All the resulted
dendrograms based on AFLP, SSR and ISSR using
NTSYS-pc program revealed that barley and wheat are
more related to each other than to rice, followed by sor-
ghum and maize. This result is consistent with the phylo-
genetic studies and taxonomy of Poaceae (Mathews et
al., 2000; Bolot et al., 2009) because wheat and barley
belong to Triticeae, rice belongs to Oryzeae, whereas
maize and sorghum belong to Andropogoneae. The pre-
sence of homologous DNA sequences consensus within
cereal genomes is also consistent with many studies and
emphasized that all cereal crops are closely related to
each other and the whole group of Triticeae can be consi-
dered as a single gene pool because of the similarity of

genetic contents and the co-linearity of gene loci of the
chromosomes of barley and other members of Triticeae
particularly wheat and to a limited and partially useful
synteny between wheat and rice chromosomes (Islam,
1983; Islam and Shepherd, 1992; Mohler and Jahoor,
1996; Gallego et al., 1998; Bolot et al., 2009; Kumar et
al., 2010).

This ultimate relationship has also been emphasized by
the relatively high number of protein and AFLP markers
common to wheat and barley compared to those common
to rice. Meanwhile, Hartl and Jones (2001) stated that
each chromosome in wheat contains approximately 25
times as much DNA as each chromosome in rice. The
relatively high number of markers common to all the three
taxa but polymorphic in one or more samples emphasize
the fact of colinearity or synteny present within the three
taxa (SanMiguel et al., 1996; Mohler and Jahoor, 1996;
Chen et al., 1997; Gale and Devos, 1998; Dennis, 2001).
Mahalakshmi (2001) used the public databases of model
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Figure 6. The relationship of the studied cultivars based on ISSR data analysis using NTSYS-pc program.

organisms and bio-informatics in data mining and the
more focused molecular tools for gene discovery and
deployment in describing an approach to benefit sorghum
[Sorghum bicolor (L.) Moench] grown in a rain fed semi-
arid tropical areas by studying synteny between rice and
sorghum comparison of the consensus map of them. The
relative co-linearity or synteny within cereal crops was
evident by previous studies (Dennis, 2001; Ramakrishna
et al., 2002; Liu et al., 2006; Messing, 2009). Kumar et al.
(2010) surveyed the role of allele mining in cereal and
other crops phylogeny. They clarified the role of rubi3
(polyubiquitin gene) (Samadder et al., 2008) in rice, VRN-
1 (which affect vernalization response) in barley and
wheat (Fu et al., 2005). Moore (1992) reported that,
although wheat has one of the largest genomes (1.7 x
10" bp) and rice has one of the smallest plant genomes
(4 x 10% bp). It has been observed that a significant micro-
synteny is present between the two genomes. Meanwhile,
Gallego et al. (1998) reported that comparative genetic
mapping among cereal genomes has demonstrated that
homologous single-copy sequences or genes are
collinear on the RFLP maps of wheat, barley, rye, oat,
maize and rice. This has allowed the maps of several
members of the Gramineae family to be compared and
the synteny of these genomes to be defined. The Lr10
leaf rust resistance gene on wheat chromosome 1AS co-
segregates with the Lrk10 receptor-like kinase gene. The
rice gene corresponding to Lrk10 is mapped on rice
chromosome 1. This region corresponds to the distal part
of barley chromosome 3H and wheat chromosomes 3A
and 3B, suggesting that the synteny is conserved
between rice chromosome 1 and the Triticeae group 3S

chromosomes up to the telomere of the chromosomes.
Several researchers are interested in studying synteny
between barley and rice genomes. Korzun, and Kunzel
(1996) using polymerase chain reaction (PCR)-mediated
approach for physical mapping of single-copy DNA
sequences on microisolated chromosomes of barley,
sequence-tagged sites of DNA probes that reveal RFLP
localized on the linkage maps of rice chromosomes 5 and
10 were allocated to cytologically defined regions of
barley chromosome 5 (1H). Leister et al. (1999) found
homology of resistance genes present in both barley and
rice. At the same time, Druka et al. (2000) found that a
synteny at high resolution levels has been established
between the region of barley chromosome 7(5H) con-
taining the rpg4 locus and the subtelomeric region of rice
chromosome 3 between markers S16474 and E10757.
Smilde et al. (2001) scored a synteny between rice
chromosome 1 and barley chromosome 3 H using rice
expressed sequence tags. The current result is greatly
consistent with the phylogeny tree of Bolot et al. (2009).
El Rabey et al. (2002) compared common bands
isolated from different Hordeum species, 80.05% of these
bands were found homologous in DNA sequence.
Therefore, the intercultivars relationships based on AFLP
data are considered a relationship based on sequence
data. This research will also highlights the benefits for
sharing information in the public domain and the role of
bioinformatics in enhancing crops productivity and resis-
tance to diseases and severe conditions. Furthermore, it
will help in understanding that the structure and function
of one gene within these crops will help develop new
measures against disease control in the other crops.
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This will open the door for studying the quantitative trait
loci (QTLs) correlated to specific economic traits of the
cultivated crop plants. Eventually, synteny, or preservation
of the order of genes on a chromosome of one of these
crops, can be a marker for evolutionary history, or a key
to functional relationships between genes from the other
crops under study or other related organisms as well as
increasing their productivity and disease control.
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