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ABSTRACT

Cotton is an economic plant of world importance. It's
the world's leading textile fiber crop. The lack of genetic
diversity is implicated in the successful breeding program
depends on the slowing of progress in developing new
cotton cultivars complete knowledge and under standing
of the genetic with improved yield and quality potential, as
well as diversity within and among genetic resour ces of the
stressresistance. The present study was carried out at the
Agricultural Botany Department and Department of Plant
production Faculty of Agriculture, Saba Basha,
Alexandria University, Egypt. Five commercial varieties
representing the two categories of Egyptian cotton were
used, namely: Giza 92 and Giza 88 as extra-long staple
length and Giza 86, Giza 95 and Giza 90 as long staple
length. These studies were conducted during 2015 up to
2018. Fiber properties of the five cotton varieties under
study were determined by the High-Volume Instrument
(H.V.l.). Ten RAPD primer, were initially screened to
determine the suitability of each primer for the study.
Isozyme data proved 100% genetic similarity between the
extra-long staple cotton, in the other hand 100% between
the long staple cotton varieties, although, the cluster was
divided by 62%. The resultsindicated that in all studied
cotton varieties, 224 (71%) of the 312 fragments were
polymorphic and 88 (29%) were monomorphic. From
these data, we can provide that there are high genetic
variations between the two-cotton type in Egypt and these
found could be useful in breeding program in the future.
Cotton productivity and the future of cotton breeding
efforts tightly depend on the level of the genetic diversity
of cotton gene pools and its effective exploitation in
cotton breeding programs. Elucidating the details of
genetic diversity is also very important to determine
timeframe of cotton agronomy, develop a strategy for
genetic gains in breeding, and conserve existing gene pools
of cotton.
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INTRODUCTION

The genus Gossypium of the family Malvaceae
contains more than 45 diploid species and 5
allotetraploid species (Ulloa et al., 2006). These species
are grouped into nine genomic types (2n = 26) with
designations: AD, A, B, C, D, E, F, G, and K (Perciva
et al., 1999). The species are largely spread throughout
the diverse geographic regions of the world. Cotton is
the world's leading textile fiber crop and it is also a
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source of secondary products such as oil, live-stock
feed and cellulose (Anderson, 1999). Cotton is the
unigue, most important natural fiber crop in the world
that brings significant economic income, with an
annual average ranging from $27:29 billion worldwide
from lint fiber production (Campbell et al., 2010). In
Egypt, cotton is one of the most important genotypes.
Knowledge of genetic diversity, technological and
economic parameters as it plays a vital role in our
relationships among breeding materials. The tota
cultivated area began to decline, which mean analysis
is a quantitative genetic method be requires working to
increase the production of unit able to estimate
additive, dominance and epidtatic area to compensate
for the shortfall in the effects (Mather and Jinks,
1982). Genetic analysis using generation means
cultivated area. The breeders should develop some
new generations in cotton breeding to estimate the set
of varieties with higher production, the true type of
gene action controlling of quantitative traits knowledge
of the gene action for various cotton (Dawwam et al.,
2009). The lack of genetic diversity isimplicated in the
successful breeding program depends on the slowing
of progress in developing new cotton cultivars
complete knowledge and understanding of the genetic
with improved yield and quality potential, as well as
diversity within and among genetic resources of the
stress resistance. To broad the cotton genetic available
germplasm and enable plant breeders to base, this may
be accomplished by collection of available choose
parental sourcesthat will generate diverse germplasm or
developing inter and intraspecific hybrids. The
amplitude of genetic diversity of cotton (Gossypium
spp), including al its morphological, physiological and
agronomic properties, is exclusively wide (Mauer,
1954). There is a great deal of genetic diversity in the
Gossypium genus with characteristics such as plant
architecture, stem pubescence and color, leaf plate
shape, flower color, pollen color, boll shape, fiber
quality, yield potential, early maturity, photoperiod
dependency, and resistance to multi-adversity
environmental stresses that are important for the applied
breeding of cotton. Above mentioned genetic diversity,
preserved in germplasm collections worldwide, are the
golden resources to genetically improve the cotton
cultivars. There are numerous examples on the utilization
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of such genetic variations in solving many fundamental
problems in cotton breeding and production
(Abdurakhmonov, 2007). Assessment of genetic
markers and diversity form an integral part of any
successful breeding program. Morphological features
are indications of the genotype but are represented by
only a few loci because there are not a large enough
number of characters available. Moreover, they can aso
be affected by environmental factors and growth
practices. To overcome the limitations associated with
morphological markers, various biochemical and
molecular marker techniques have come up in recent
years. Biochemical markers such as isozymes have
been used to study the genetic distances and estimate
the level of genetic variability of cotton varieties and
accessions (Wendel and Percy, 1990; Abdel-Tawab et
al., 1990; Melchinger et al., 1991; Farooq et al.,
1999). The RAPD markers have already been used in
cotton for the assessment of genetic variability,
diversity and fingerprinting cotton genotypes (Pillay
and Myers, 1999; Jing et al., 2000; Hussein et al.
2002; Muhammad et al., 2009; Zahid et al., 2009) as
well as for the detection of variation between closely
related cultivars (El-Defrawy et al., 2004; Masoud et
al., 2007). The main objectives of the present research
are to study some technological parameters between
some Egyptian cotton varieties, assessment the
morphological variations, determine the genetic
differences, calculate the genetic polymorphism
with/within some cotton varieties based on molecular
markers.

MATERIALSAND METHODS

Five commercial varieties representing the two
categories of Egyptian cotton were used, namely: Giza
92 and Giza 88 as extra-long staple length (over 1%,-
inch fiber length) and Giza 86, Giza 95 and Giza 90 as
long staple length (1'/, - 1%/ inch) fiber length. Cotton
seeds were planted on four replicates each in pots.

Ten plants and six replicates were selected from the
above-mentioned varieties for all experiments. Five
morphlogical characters were musered such as follws:
plant height (cm), root length (cm), leaves number and
bolls number/plant.

Fiber properties of the five cotton varieties were
determined by H.V.l. a the laboratory of the Cotton
Arbitration and Testing General Organization
(CATGO), Alexandria, Egypt. Samples were
preconditioned for 48 hours at least under the standard
conditions of 65 %z 2 % relative humidity and 20 + 17C
temperature before testing. The technological fiber
parameters were determined as following: Micronaire
reading, Fiber maturity (%), Upper half mean length,
(UHML) (mm), Fiber uniformity (%), Short fiber

content (%), Fiber strength (g/tex), Fiber elongation
(%), Reflectance degree (Rd %) and Degree of
yellowness ("b). The technological parameters mean
were compared using the least significant differences
(L.SD.) test at 5% level of probability by using the
RCBD model as obtained by CoStat computer software
package (CoStat, Ver. 6.4, 2005).

Five leaves from cotton seedlings were grounded
separately, using a cooled mortar with a pestle, and
adding 0.23 M Tris-acetate, pH 5.0. Homogenate was
extracted by the solution containing Tris (27.7 g) and
citric acid (11.0 g) in 1L volume adjusted with distilled
water. Electrophoresis was carried out by the
prescriptions recommending 1% agar-starch-olyvinyl-
pyrrolidone gel and Tris-orate or Tris-acetate separation
buffers. Electrophoresis was conducted at 270 v, 47C
for 100 min. 100 ml of 0.01 M acetate buffer; pH 5.0,
containing 0.1% benzidine and 0.5% hydrogen peroxide
(H20,) were layered over the gel immediately before
staining. Based on the matrix of genetic similarity
values (peroxidase isozymes data) and the dendrogram
was generated from the genetic distance matrix
according to UPGMA clustering method using NTSY S
pc program (Rohlf, 2000) was developed to identify
genetic variation patterns among the four cultivars and
lines of wheat under study.

Ten RAPD primers (10-mer primers), were initially
screened using five cotton cultivars to determine the
suitability of each primer for the study. Primers were
selected for further analysis based on their ability to
detect distinct, clearly resolved and polymorphic
amplified products within the samples. To ensure
reproducibility, the primers generating no, weak, or
complex patterns were discarded (Williams et al. 1990).
DNA extracted from 50 mg samples of leaves of cotton
material using either the DNeasy® Plant System
according to Murray and Thompson, (1980). RAPD
anayze was caried out using 10 oligonucleotide
primers that were selected from the Operon Kit (Operon
Technologies Inc., Alabameda, CA). The polymerase
chain reaction mixture (25ul) consisted of 0.8U of Taq
DNA polymerase; 25pmol dNTPs; 25pmol of primer
and 50ng of genomic DNA. PCR amplification was
performed in a Biometra T1 gradient thermal cycler for
40 cycles after initial denaturation for 3 min at 94°C.
Each cycle consisted of denaturation at 94°C for 1min;
annealing at 36°C for 1min; extension at 72°C for 2min
and final extension at 72°C for 10min (Williames, et al.
1990). RAPD's fragments scored as present/absent.
Fragment scoring, and lane matching performed
automatically on digital images of the gels, using
Phoretix 1D advanced Version 4.00 (Phoretix
International, Newcastle upon Tyne, UK). All but the
faintest bands scored, where necessary scores and
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matches corrected manually. The clustering methods
UPGMA, WPGMA, Complete-link, and Single-link
were applied in all possible combinations with the
similarity coefficients Dice, Jaccard and simple
matching. Rohlf (2000) describes clustering methods
and similarity coefficients.

Table 1. The nucleotide sequences of primers used
for RAPD analysis

Code Primer code Sequence (5-3)

1 OPA-05 5-AGG GGT CTT G-3
2 OPA-10 5-GTGATCGCA G-3
3 OPA-15 5-TTC CGA ACCC-3

4 OPC-12 5-TGT CAT CCCC-3

5 OPC-16 5-CAC CAT CCA G-3

6 OPD-04 5-TCT GGT GAG G-3

7 OPD-11 5-AGC GCCATT G-3

8 OPR-01 5-CTT CCGCAGT-3

9 OPR-02 5-GGT GCG GGA A-3
10 OPR-05 5-GACCTA GTGG-3

The completely randomized design with three
replications was used to outline this work. The attained
data was statistically analyzed as a factorial experiment
using Co-state program version 3.6. The least
significant difference (L.S.D.) was calculated to
compare treatment means at 0.05 level of probability.
The percent of polymorphic (P) was calculated using
the formulaz P=100(p/n) where p is the number of
polymorphic loci and n is the total number of loci. A
locusis polymorphic if the frequency of the alldeisless
than 0.95.

RESULTSAND DISCUSSION
a- Morphological variations of cotton varieties

Morphological variations were calculated during
the early growth stage ( 30, 60 and 90 days) such as
plant height (cm), root length (cm), number of
leaves/plant and bolls number/plant. Data in Table (2)
for plant height (cm) showed that Giza 86 had have the
highest mean values comparing with the other cotton
varieties during the three-reading time after 30, 60 and
90 days. The means were 42.6, 49.3 and 63.7 cm,
respectively. While Giza 88 and 90 showed the lowest
means as recorded in Table (2) by values 32.2, 34.9;
39.7, 35 9, 411 and 41.6 cm, in respect. High
significant variations were observed between the tested
varieties. The genera average for the cotton plant
height (cm) ranged from ~ 37 to 52 cm (Table 2). The
lowest mean was 37.4 and 37.66 cm for Giza 90 and 88,
while the highest mean was 51.86 cm recorded to Giza
86. By comparing between the extra-long staple length
cotton varieties (Giza 88 and 92) with the long staple
length (Giza 86, 90 and 95), the data showed that the
first categories showed the lowest general mean 41.46
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cm and the other one recorded the highest mean was
43.64 cm (Table 2). The general mean of root length
(cm) for both Egyptian cotton categories ranged from
12.46 to 19.13 cm (Table 2). The highest mean was
19.13 cm recorded to Giza 86 and the lowest mean was
12.46 cm for Giza 90. The cotton variety Giza 86
showed the highest root length during the different
growth stage time that were 13.8, 20.2 and 23.4 cm and
Giza 90 showed amost the same average for this
character (Table 2). no significant variations were
observed between the Giza 92 and 86 which recorded
under extra-long staple length cotton (Table 2). The
third morphological character is number of leaves/plant
which was the highest in Giza 86 by 10.63 as general
mean compared with 9.56 leaveg/plant as the lowest
value in Giza 90 (Table 2). no significant variations
were observed between the first and second reading in
plant growth stage, while with the increase in time, data
showed significant variations between the two cotton
categories. The general mean values ranged from 9.56
(Giza 90) to 10.63 (Giza 86) leaves/plant (Table 2).
Data in Table 2 for bolls number/plant showed
significant variations between the different cotton
growth stages. The general average ranged from 1.33 to
2.05 bolls/plant. The highest bolls number recorded to
Giza 95 by 2.46 boll and the lowest variety was Giza 86
which showed 1.33 bollg/plant after 90 days of growth
stage, followed by Giza 88 by 1.76 bolls. The lowest
bolls number for all cotton varieties may be due to the
experiment was sown in pots (Table 2).

b- Morphological variations of cotton varieties

Morphological variations were calculated during
the early growth stage ( 30, 60 and 90 days) such as
plant height (cm), root length (cm), number of
leaves/plant and bolls number/plant. Data in Table (2)
for plant height (cm) showed that Giza 86 had have the
highest mean values comparing with the other cotton
varieties during the three-reading time after 30, 60 and
90 days. The means were 42.6, 49.3 and 63.7 cm,
respectively. While Giza 88 and 90 showed the lowest
means as recorded in Table (2) by values 32.2, 34.9;
39.7, 35, 9, 411 and 41.6 cm, in respect. High
significant variations were observed between the tested
varieties. The general average for the cotton plant
height (cm) ranged from ~ 37 to 52 cm (Table 2). The
lowest mean was 37.4 and 37.66 cm for Giza 90 and 88,
while the highest mean was 51.86 cm recorded to Giza
86. By comparing between the extra-long staple length
cotton varieties (Giza 88 and 92) with the long staple
length (Giza 86, 90 and 95), the data showed that the
first categories showed the lowest general mean 41.46
cm and the other one recorded the highest mean was
43.64 cm (Table 2).
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Table 2. Mean values of mor phological cotton properties
Cott Plant height (cm) Root length (cm) L eaves number Bolls number
otton
. 60 90 Ave. 30 60 90 Ave. 30 60 90 Ave. 30 60 90 Ave.
cultivars
days days days days

Giza92  37.8b 451b 526b 4516 11.4b 1250 14.2b
Giza88 32.2c 39.7c 4l1c  37.66 11.0b 184a 14.7b
Giza86  42.6a 493a 63.7a 5186 13.8a 20.2a 23.4a

Giza9 36.2bc 36.7d 51.9b 41.6 12.1ab  154a 18.5bc
Giza90 349c 359d 4l16c  37.46 10.4b 13.4b  13.6c
LSDat 0.0t 4.34 177 5.35 183 3.92 133

127 73a 95a 123c 970 18a 12c 27ab 190

147 45c 65c 142bc 840 00c 23b 20b 176

1913 57b 90a 17.2a 10.63 18a 00d 22b 133

1533 60b 82b 14.8b 966 1l7a 32a 35a 2.46

1246 55b 92a 140bc 956 12b 22b 28 206
099 0.78 2.20 047 047 091

The general mean of root length (cm) for both Egyptian
cotton categories ranged from 12.46 to 19.13 cm (Table
2). The highest mean was 19.13 cm recorded to Giza 86
and the lowest mean was 12.46 cm for Giza 90. The
cotton variety Giza 86 showed the highest root length
during the different growth stage time that were 13.8,
20.2 and 23.4 cm and Giza 90 showed almost the same
average for this character (Table 2). no significant
variations were observed between the Giza 92 and 86
which recorded under extra-long staple length cotton
(Table 2). The third morphological character is number
of leaves/plant which was the highest in Giza 86 by
10.63 as general mean compared with 9.56 leaves/plant
as the lowest value in Giza 90 (Table 2). no significant
variations were observed between the first and second
reading in plant growth stage, while with the increase in
time, data showed significant variations between the
two cotton categories. The general mean values ranged
from 9.56 (Giza 90) to 10.63 (Giza 86) |leaves/plant
(Table 2). Data in Table 2 for bolls number/plant
showed significant variations between the different
cotton growth stages. The general average ranged from
1.33 to 2.05 bolls/plant. The highest bolls number
recorded to Giza 95 by 2.46 boll and the lowest variety
was Giza 86 which showed 1.33 bollg/plant after 90
days of growth stage, followed by Giza 88 by 1.76
bolls. The lowest bolls number for al cotton varieties
may be due to the experiment was sown in pots (Table
2).

Mean values within each column designated by the
same letter arenot significantly different

c- Technological variations of cotton varieties (HVI
Fiber characteristics)

Data in Table (3) cleared the mean values of the
fiber properties, as influenced by cotton variety. Results
attained indicated that there were a significant differs on
fiber properties due to cotton variety. The highest mean
values (35.79 mm and 89.26 %) for upper half mean
length (UHML) and length uniformity % of extra-long
cotton variety Giza 88. On the other side, the lowest
mean values for upper half mean length (UHML) and
length uniformity were recorded from long cotton

varieties Giza 95 and Giza 90. Concerning the short
fiber percentage, could be noticed that the long cotton
varieties Giza 95 and Giza 90 recorded the highest
mean values (81.93 and 83 %), respectively. From
Table (3) worthy to mention that the highest mean
values (46.5 g/tex and 6.06%) of fiber strength and
elongation % were ginned from variety Giza 92 and
Giza 90, respectively. Meanwhile, the lowest mean
values (32.93 g/tex and 3.56 %) for the same traits were
showed from variety Giza 90 and Giza 88, respectively.
Respecting data in Table (3) could be cleared that the
cotton variety Giza 86 recorded the highest mean values
(0.89 % ,4.61land 77.80 %) of  fiber maturity %,
micronaire reading and reflectance degree (Rd %).
Contrary, the lowest mean values for the same traits,
(0.86 %, 3.66 and 67.56 %), respectively. The highest
yellowness degree 12.96 was attained from Giza 95,
while the lowest mean value 8.93 was cleared from
Giza 86. These results could be explained on the basis
that the extra-long staple cotton varieties i.e., Giza 92
and Giza 88 contain the healthy fiber properties and
produce the best yarn quality compared with the long
staple cotton varieties. Data in Figure 1 showed the
similarity and distance between the extra-long staple
cotton varieties (Giza 92 and Giza 88) and long staple
cotton varieties (Giza 68, 90 and 95). The cluster
divided into two groups, the first one includes both Giza
88 and 88 together by 100% similarity and the other
group includes the other three cotton varieties by 100%
similarity. The main cluster divided into two clusters by
98% for all cotton varieties. Morphologica or
technological parameters can have affected by
environmental effects, so the similarity was very high
between both cotton categories. These data are
compatible with isozyme data which proved the same
results for the five cotton varieties with 100 genetic
similarity between the extra-long staple cotton, in the
other hand 100% between the long staple cotton
varieties, although, the cluster was divided by 62%.
These results in line with those Abd EI-Glil (2001)
reported that fiber length parameters; i.e., (2.5%, 50%
span length and length uniformity ratio), reflectance
degree (Rd%), degree of yellowness (+h), fiber maturity
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ratio, fiber bundle strength (g/tex), elongation (%) and
toughness (g/tex) were significantly affected by cotton
varieties. Also, our results are agreeing with Richard et
al. (2006) and Yeates et al., (2010) who reported that
cotton fiber quality is the result of an interaction
between genetic and environmental effects. The current
results are agreeing with Batisha (2005), reported that
staple length, reflectance degree (Rd%), yellowness
(+b), proportion of maturity (PM), hair weight bundle
strength and elongation % were significantly affected
by the cotton cultivar. Also, Foulk (2008), reported that
cotton quality is affected by cotton cultivar and growing
conditions. Results in the same trend with Ibrahim
(2010) who attained that the extra-long staple cultivar,
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Giza 88 surpassed the long staple cultivar, Giza 86 in
upper haf mean length (UHML), mean length (mm),
uniformity index, fiber bundle trength (g/tex) and fiber
elongation (%). while, the long staple cotton cultivar,
Giza 86 recorded the highest mean values concerning
micronaire value, maturity (%) and reflectance degree
(Rd %). Findly, Ibrahim (2013), found that the extra-
long staple cotton variety Giza 45 and high lint cotton
grade recorded the highest mean values of the most
importance of fiber and yarn properties and the lowest
value of short fiber content (%) and yarn evenness CV
% and vice versa for the long staple cotton variety Giza
80 and low lint cotton grade.

Table 3. Mean values of technological cotton fibre properties

Cotton UHML Length Short Fiber Fiber Maturit ~ Micronair  Reflectanc  Yellownes
varietie (mm) uniformit  fiber strength elongation y % e edegree sdegree
S y % (g/tex) % reading (Rd %) (+b)
(%)
Giza92 3393° 88.66° 563" 4652 4.8° 0.87° 4.01° 75.50° 8.20¢
Giza88 3579° 89.26° 553" 4053° 3.56° 0.88" 4.11° 69.06° 11.26°
Giza86 3322° 88.83° 59° 4386 443 0.89% 4617 77.80°7 8.93°
Giza9s 27.04° 81.93° 8.86% 33.03° 5.06" 0.86° 3.66° 67.56¢ 12.96°
Giza90 2823  83.00° 8.13% 3293 6.06 0.87° 4677 66.63¢ 11.60°
LSD.0.05 1.39 2.26 130 481 0.84 0.009 0.32 1.43 0.34
Similarity
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Figure 1. Similarity and genetic distance of some Egyptian cotton varieties based on technological fiber

propertiesanalysis (HVI Fiber characteristics)
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Mean values within each column designated by the
same letter arenot significantly different
d- Biochemical assay (I so-enzymes)

Peroxidase iso-enzyme assay was applied as the
most appropriate technique for the evaluation of cotton
varieties, and classified peroxidase patterns were
ascribed to different phenotypes. Isozyme is an
important tool to detect the variation between different
species or varieties. Peroxidase activity was assessed for
the five cotton varieties collected from Egypt as tool
caculate the genetic relationship among cotton
varieties. In contrast, as shown in Figure 2,
Peroxidaseisozymes exhibited a wide range of
variability among the different cotton varieties. In total
of 5 loci, one anoda and four cathoda loci were
detected. One anodal (Pex.1a) was found as common
band for &l the varieties for the positive charge. While
two cathodal (pex 1c, and pex 2c) were found to the
negative charge. Pex.c3 and Pex.c4 were found as
unique bands for three cotton variety (1) Giza 95, (2)
Giza 9. and (3) Giza 86. Data showed 21 loci for all

cotton varieties (staple and extralong staple length)
Giza 95, Giza 90 and Giza 86 recorded 5 loci for each,
while Giza 92 and (3) Giza 88 showed three loci based
on enzyme activity. Datafor genetic matrix data showed
that the staple long staple length cotton i.e. Giza 95,
Giza 90 and Giza 86 gave 100% genetic similarity
comparing with the other extra-long staple length cotton
varieties Giza 92 and 88 which showed 75%. These
data were obtained also in Figure v which indicated that

al the cotton varieties clustered into two main cluster
with 61% genetic similarity. The first cluster includes
three cotton staple length varieties Giza 86, 90 and 95
by 100 similarity and the other cluster includes the two-
cotton extra-long staple length varieties Giza 92 and 88
(100%).
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\\\\\\\\\\\\\\
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Isozyme loci have been used as markers in several
genetic studies, such as genetic diversity in Brassica
juncea (Persson et al., 2001), and isozyme markers as
seed coat color (Rahman, 2002). Peroxidases are
enzymes related to polymer synthesis in cell wall
(Bowles, 1990), as well as in the prevention of
oxidative damage caused by environmental stress to the
membrane lipids. It was found that salt stress increased
peroxidase band intensity. Hong et al. (2005) showed
that peroxidases are common and important indices for
evaluating wheat redox, its activity display higher
antioxidative abilities, reflecting higher resistance to
drought. Peroxidase are enzymes related to polymer
synthesis in cell wall (Bowles, 1990), as well as in the
prevention of oxidative damage caused by
environmental stress to the membrane lipids (Kalir et
al., 1984). Plant peroxidase have been used as
biochemical markers for various types of biotic and
Abiotic stresses due to their role in very important
physiological processes, like control of growth by
lignification’s, cross linking of pectin’s and structural
proteins in cell wall, catabolism of auxins (Gaspar et
al., 1982). Catalases and superoxide dismutase are
the most efficient antioxidant enzymes (Scandalios,
1984). The expression of specific catalase
isoenzymes is important and Isoenzyme Profiles of
Peroxidase, Catalase and bcritical against oxidative
stress induced by a given environmental stress
(Scandalios, 1994). The modifications of gene
expression due to environmental stress are a common
response in the metabolism of plant cells. Gene
activation due to environmental stimuli plays an
extremely important role in the adaptation of plants to
unfavorable conditions and promotes the appearance of
specific proteins (Nagvi et al. 1995). In addition,
proteins and isozyme polymorphisms are good
indicators of response to biotic and abiotic stresses
(Doebley, 1989).

4 3 2 i S|l4] |13] 12| [1]|=S=
Pexal
o 2! E -Origin linc
& i Pexcl
—] Pex.c2
— Pex.c3
== W= Pexot

Figure 2. Zymograme of peroxidase isozymes in Egyptian cotton varieties (1) Giza 95, (2) Giza 90, (3) Giza 86,

(4) Giza92 and (5) Giza 88
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e Random amplified polymorphism DNA (RAPD-
PCR)

Ten, RAPD-PCR primers were used in screening the
diversty between different genomic-DNA of cotton
varieties. For each primer-DNA  combination, the
amplification was repeated at least twice. As shown in
Table 4, the number of reproducible bands/primer
varied between 13 for primer OPR-05 and 46 for primer
OPR-02 with a total of 312 amplification fragments
(Table 4). The resultsin Table (4) clearly indicated that
in all studied cotton varieties, 224 (71%) of the 312
fragments were polymorphic and 88 (29%) were
monomorphic. In the meantime, al used primers
generated 25 specific markers (Table 4). The largest
number of these markers was specific for Giza9. by 75

fragments and the lowest number was recorded to Giza
9y by 52 fragments. Furthermore, eight specific large

bands were observed in the Giza 95 (Table 4). The data
for Giza 95 cultivar, detect 72 amplification fragments
with eight specific bands. Within the 75 fragments, 52
fragments were polymorphic by 72% genetic
polymorphism. While, for the next cotton cultivar Giza
9. the data recorded 75 fragments, 55 were

polymorphic and 20 were monomorphic with 73%
genetic polymorphism (Table 4).

Fifty fragments were polymorphic and twenty were
monomorphic in Giza 86 which showed 71% genetic
similarity (Table 4). In the other hand both Giza 92and
88 recorded the lowest amplification fragments which
were 52 and 54, respectively. The genetic similarity was
62 and 61%, in respect by monomorphic bands were 32
and 33 (Table 4). In genera varieties Giza 95, 9. and

86 detect the highest amplification fragments ranged
from 70 to 75, while Giza 88 and 92 showed the lowest
number was from 52 to 54 (Table 4). Data for the
primer OPA-05 showed in total 27 fragments ranged
from 300 to 2000 bp. Nine amplification fragments
were polymorphic by 33% and 18 fragments were
monomorphic  (Table 4). The same genetic
polymorphism was recorded to OPA-10 (33%) which
showed 29 fragments. The bands ranged from 350 to
1500 bp (Table 4). The third primer in this group OPA-
15 showed 38 amplification fragments and 26 were
polymorphic by 68%, these fragments ranged from 400
to 2000 bp as shown in Table 4. The next primers group
were OPR1, OPR-2 and OPR-5 which recorded
amplification fragments 40, 46 and 13, in respect. 32,
43 and 10 fragments were polymorphic by 80, 93 and
76%, respectively (Table 4). Four specific fragments
were detected for al the primers in this group. The
length of bands ranged from 300-1500, 400-700 and
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200-2350 bp, in respect (Table 4). OPR-05 showed the
lowest primer which detect the lowest fragments 13.
OPC-12 and 16 primers showed 26 and 24
amplification fragments in respect (Table 4). 19 and 24
fragments were polymorphic by 73%. The molecular
weight of these fragments ranged from 350-1200 and
200-1600 bp (Table 4). Five specific fragments/markers
were detected to OPC-16 and no markers was detected
for OPC-12.

Finaly, the primer group OPD-04 and 11, showed
41 and 26 fragments which ranged from 300-700 and
250-2000 bp, respectively (Table 4). For OPD-04 the
genetic polymorphism was 100% two specific markers
were detected, while in OPD-11 two specific markers
were detected with 76% genetic polymorphism (Table
4).

Our results were agreeing with many different
works which used RAPD markers in many different
crops to detect the genetic diversity such as in wheat
and Fig (Mohamed etal. 2017) Manifesto et al. (2001)
found some specific RAPD marker while examining
genetic diversity in spring wheat cultivars grown in the
Yaqui Valley of Mexico and the Punjab of Pakistan.
Also, Sgjida Bibi et al. (2009) indicated many specific
RAPD markers among commercially grown lines of
wheat in Pakistan. Due to different obtained data from
the studied cultivars using RAPD marker further studies
will be necessary to identify the genetic constitutions of
specific markers. Molecular markers provide a good
estimate of genetic diversity since they are independent
of confounding effects by environmental factors
(Powell et al. 1996). Thiswill have led to identify their
interrelation especially with the biotic and abiotic stress
to enhance the domesticated wheat structure. Hoping to
use them as gene constructs for improving these
cultivars using their relatives of wild wheat. These
results were agreeing with Rana et al. (2005) who
reported a wider genetic diversity (30-87%) within G.
hirsutum breeding lines using AFLP markers. Our
results were agreeing with Sapkal et al. (2011) who
used SSR and RAPD markers for calculate the genetic
similarity and reported moderately high level of
genetic diversity (57%) for 91 Upland cotton
accessions with genetic male sterility maintainer and
restorer properties. Also, our resultsin the line with de
Almeida et al. (2009) who studied the molecular
diversity level of G. barbadense populations in situ
preserved in the two states of Brazil using SSR markers
of plant populations in these two states revealed high
homozygosity in each genotype tested and high total
genetic diversity (He=39%) in G. barbadense
populations studied and high level of population
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Table 4. Number of amplified fragments and specific marker for cotton varieties based on RAPD analysis

Primers

Varieties Total
OPA-05 OPA-10 OPA-15 OPR-01 OPR-02 OPR-5 OPC-12 OPC-16 OPD-04 OPD-11
) AF 72 10 8 7 9 10 5 6 5 7 5
Giza
%5 Sm 8 0 0 1 3 0 1 0 1 2 0
PF (%) 52(72) 3(30) 3(37) 3(42) 6 (66) 9 (90) 2 (40) 5(83) 4(80) 4 (57) 3(60)
) AF 75 8 9 11 8 9 6 8 2 8 6
Giza
% Sm 6 1 0 2 0 0 1 0 0 0 0
PF (%) 55(73) 2(25) 2(22) 11(100) 5(63) 8(89) 3(50) 8 (100) 2(100) 5 (63) 4 (67)
) AF 70 5 5 9 9 10 3 7 8 9 5
Giza
86 Sm 5 0 0 0 1 1 0 0 3 0 0
PF (%) 50(71) 1(20) 1(20) 9 (100) 6 (67) 9 (90) 2(67) 7 (100) 8(100) 6 (67) 3(60)
) AF 52 5 5 7 7 7 2 4 5 4 5
Giza
92 Sm 2 0 0 0 0 1 0 0 0 0 0
PF (%) 32(62) 1(20) 1(20) 7 (100) 4 (57) 7 (100) 1(50) 4 (100) 5(100) 4 (100) 3(60)
) AF 54 4 6 7 7 7 3 2 5 8 5
Giza
88 Sm 6 0 0 1 0 2 1 0 1 0 0
PF (%) 33(61) Zero 2(33) 7 (100) 4 (57) 6 (86) 2 (67) 2 (100) 5(100) 5 (63) 3(60)
AF 312 27 29 38 40 46 13 26 24 41 26
Total Sm 25 1 0 4 4 4 3 0 5 2 2
PF (%) 224(71) 9(33) 11(37) 26(68) 32(80) 43(93) 10(76) 19(73) 24(100) 41(100) 20(76)

*AF= No. Amplified Fragments
*Sm: Specific marker fragments

*PF (%): Polymorphic fragments and Percentages of polymorphism arein parentheses.

differentiation (Fst=36%) between cotton plants from
these two Brazilian states. The results in a line with
Rahman et al. (2008) who studied 32 G. arboreum
accessions from Pakistan using RAPD markers and
found up to 53% genetic diversity between studied
accessions with very narrow diversity within cultivated
G. arboreum accessions compared to non-cultivated
ones. The results are agreed with Bardakci and
Skibinski, (1999) showed that one cause of RAPD
polymorphisms is chromosomal rearrangements such as
insertions/deletions. Therefore, amplified products from
the same dleles in a heterozygote differ in length and
will be detected as presence or absence of bands in the
RAPD profile. In fact, we can have concluded that
random amplified polymorphic DNA (RAPD) analysis
has proved useful for estimating genetic diversity
particularly to assist in the conservation of rare species
and plant genetic resources (Anderson and Fairbanks,
1990).

f- Genetic similarity of cotton varieties based on
different markers

Data in Figure 3 show the genetic similarity of the
cotton varieties based on morphological, technological,
biochemical and molecular  markers. Four
morphological, nine technological characters, one
enzyme activity and ten random amplified
polymorphism DNA were used to calculate the genetic
similarity and diversity of the two common cotton

categories in Egypt (staple and extra-long staple length).
The cluster divided into two main cluster by 62%
genetic similarity. The first cluster includes two cotton
varieties i.e. Giza 90 and 95 by 77% genetic similarity
and the other cluster divided into two groups with 69%
genetic similarity which includes Giza 92 in separate
group, while the other one had Giza 86 and 88 with
81% genetic similarity. The cluster for cotton varieties
recorded the extra-long staple length (over 13/8-inch
fiber length) in one group (Giza 88 and 92) by 69% and
the two long staple length (1, - 1% inch) fiber length
in other cluster (Giza 90 and 95) by 77%, while Giza 86
shard the first cluster by 82% genetic similarity. From
these data, we can provide that there are high genetic
variations between the two-cotton type in Egypt and
these found could be useful in breeding program in the
future. Cotton productivity and the future of cotton
breeding efforts tightly depend on the level of the
genetic diversity of cotton gene pools and its
effective exploitation in cotton breeding programs.
Elucidating the details of genetic diversity is aso very
important to determine timeframe of cotton agronomy,
develop a strategy for genetic gains in breeding, and
conserve existing gene pools of cotton.

The present results in accordance agreeing with that
obtained by Erkiling and Karaca (2005) who analyzed
the genetic variation in 36 Turkish cotton varieties
using microsatellites and identified 2 distinct genotypes.
Our results confirm those findings, Bardak and B?lek
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(2012) used 7 commercia Turkish cotton genotypes to
analyze the genetic diversity of diploid and tetraploid
cottons, and reported that genetic distance among G.
hirsutum L. genotypes was between 0.04 and 0.23.
Surgun et al. (2012) aso analyzed 9 Turkish cotton
varieties by RAPD markers and detected the rate of
polymorphism among the genotypes to be 18.1%.

The lack of genetic diversity is implicated in the
successful breeding program depends on the slowing
of progress in developing new cotton cultivars
complete knowledge and understanding of the genetic
with improved yield and quality potential, as well as
diversity within and among genetic resources of the
stress resistance. To broad the cotton genetic available
germplasm and enable plant breeders to base, this may
be accomplished by collection of available choose
parental sources that will generate diverse germplasm or
developing inter and intra-specific hybrids. The level of
genetic diversity of crop species is an essentia
element of sustainable crop production in agriculture,
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including cotton. The amplitude of genetic diversity of
Gossypium species is exclusively wide, encompassing
wide geographic and ecological niches. Assessment of
genetic markers and diversity form an integral part of
any successful breeding program. Morphological
features are indications of the genotype but are
represented by only a few loci because there are not a
large enough number of characters available. Moreover,
they can also be affected by environmental factors
and growth practices. To overcome the limitations
associated with  morphological markers, various
biochemical and molecular marker techniques have
come up in recent years. Biochemical markers such as
isozymes have been used to study the genetic
distances and estimate the level of genetic variability
of cotton varieties and accessions (Saf et al 2017;
Abdel-Tawab et al., 1990 & 1993; Melchinger et al.,
1991; Wendel et al., 1992; Sukumar and Allan, 1998;
Farooq et al., 1999).
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Figure 3. Genetic diversity of cotton varieties based on morphological, biochemical and technological markers
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