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ABSTRACT

Genetic diversity underlies the improvement of crops by plant breeding. In
Egypt, pedigree analyses indicate that the rice varieties currently under cultivation are
closely related in there genetic background. Effective breeding programs, based on
the information about of the genetic diversity of cultivars, are needed to broaden the
genetic bases of local rice germplasm in the country. The present study has been
conducted to evaluate the pattern, type and extent of genetic variability and
relatedness among some rice varieties and new promising lines of Egypt based on
important agronomic traits and some biotic stresses of some common diseases using
simple-sequence-repeat (SSR) markers. In this study, we used a set of twelve SSR
markers to assess the genetic diversity of 22 Egyptian rice cultivars and new
promising lines, which released by the National Rice Breeding Program between
years of 1975 and 2010. The 12 microsatellite markers used in this study produced a
total of 73 alleles. The number of alleles per marker ranged from 3 (RM282) to 9
(RM488), with an average of 6.08. The polymorphism information content (PIC)
values were high for all microsatellites with average of 0.588 and ranged from a low of
0.345 for RM249 to a high of 0.716 for RM488 and RM144. UPGMA-cluster-analysis
based on genetic distance coefficients clearly separated all the genotypes, and
showed that the Egyptian rice varieties are closely related. Although the genetic
diversity was low, SSRs proved to be an efficient tool in assessing the genetic
diversity of rice genotypes. Implications of the low genetic diversity detected and
relative relationship among Egyptian varieties are discussed. Varieties like Gizal77,
Sakha 102 and Sakha 103 are still resistant for most of the biotic stresses and
become good sources for biotic stress resistance relating to different disease blast in
the national breeding program.
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INTRODUCTION

Rice (Oryza Sativa L.) is one of the most important staple food crops
supporting the world population. Compared with other crop species, the
genetic diversity in the world rice germplasm is quite large. Three subspecies,
i.e., indica, japonica, and javanica, comprise a large reservoir of rice
germplasm including a variety of local landraces and cultivars (Khush, 1997;
Garris et al., 2005 and Lu et al., 2005). In addition, there are a number of wild
relatives that provide potentially valuable resources for the improvement of
cultivated rice (Khush, 1997 and Ren et al., 2003). Despite the richness of
genetic resources, only a small proportion of the world rice germplasm
collections have been used in breeding programs. As a consequence a high
genetic similarity is found within several commercial rice germplasm
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worldwide. The limited use made of the rice genetic diversity available
worldwide has been a concern in Egypt since late 1980s. Knowledge
regarding the amount of genetic variation of germplasm accessions and
genetic relationships between genotypes are important issues for designing
effective breeding programs. In the past, the characterization of germplasm
diversity was carried out by means of morphological and biochemical markers
which, in many cases, did not have the resolution power for revealing
polymorphisms in genetic analyses and/or for differentiating between closely
related genotypes.

Advances in plant genetics and molecular breeding and biology have
led to the development of many types of molecular markers which can be
used to characterize germplasm beside the morphological characterization.
Microsatellites (also known as simple sequence repeats) are simple;
tandemly repeated 5-20 fold; often di-to tetra-nucleotide; sequence maotifs;
each flanked by unique sequences. They are valuable as genetic markers
because: they are co-dominant in nature; show high allelic diversity; are
easily and economically assayed by PCR; and their use may be automated.
Tens of thousands of potential SSRs have been identified in rice, and over
25,000 have been developed as molecular markers (Temnykh et al. 2000 and
McCouch et al. 2007). These markers are currently being used to develop
high density genetic maps, genotype rice accessions, determine the genetic
structure, optimize the assembly of core collections, and for marker-assisted
breeding (Yu et al., 2003, Garris et al., 2005 and McCouch et al., 2007). In
rice, SSR markers have been effectively utilized for many purposes including
(i) genome mapping (Temnykh et al., 2000, McCouch et al., 2007 and El-
Refaee, 2009); (ii) assessment of the genetic diversity and relatedness
among various cultivars including both aromatic and non-aromatic rice (Ravi
et al.,, 2003; Jain et al., 2004; Saini et al., 2004; Siwach et al., 2004 and
Ghneim Herrera et al., 2008); (iii) identification and purity testing of varieties
(Nagaraju et al., 2002; Singh et al., 2004 and Joshi and Behera 2006) and
(iv) determination of the genetic relationship between several sub-species (Ni
et al., 2002).

Biotic stresses are considered as one of the major constraints for
maximum vyield production because of its high level of variability and quick
spread in case of susceptible cultivars. Blast resistance has consistently been
one of the most important objectives of rice breeders in Egypt. Breeding of
disease resistance varieties probably is the most cost-effective and reliable
method of disease management. Breeding for high yielding and improved
resistance are the two most economically and environmentally benign
methods of maintaining stable rice production.

In Egypt, the major rice diseases are fungal diseases, rice blast
caused by Pyricularia oryzae Cav., and the brown spot caused by
Helminthosporium oryzae Breda De Hann. Brown spot disease is common
only in poor soils and when using drainage and low quality water for irrigation.
Other minor diseases isolated and identified are false smut caused by
Ustilaginoidea virens, bakanae caused by Fusarium moniliforme Sheldon.,
Kernel smut disease, Tilletia barclayana (Bref.) Sacc. & Syd., Sheath rot
caused by Sarocladium oryzae (Sawada) and white tip nematode disease
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caused by Aphelenchoides besseyi Christie. (EL-Shafey, 2002; Sehly et al.,
2002; Osman, et al., 2005; Tahoon, 2005; El-Shafey ,2007; Sehly et al., 2008
and Gabr ,2010)

The present study has been conducted to evaluate the pattern an
extent of genetic variability and relatedness among some Egyptian rice
genotypes based on important agronomic traits and some biotic stress using
SSR markers. DNA marker analysis will help in identification and
differentiation of genotypes with different genetic make-up. The information
will enable maximized selection of diverse parents and assist in broadening
the germplasm base of future rice breeding programs.

MATERIALS AND METHODS
Plant materials:
Twenty two Egyptian rice genotypes were used in this study. A detailed
description of the materials used in the present investigation is shown in
Table 1.

Table 1: Pedigree, type and year of release of the studied twenty two

rice genotypes
No. Entry Pedigree Type Year of Release
1 Rieho Akiyotaka / Ayanishki J 1982
2 Gizals9 Agmi M1/ Giza 14 J 1964
3 Gizal7l Nahda / Calady 40 J 1977
4 Gizal72 Nahda / Kinmaze J 1977
5 Gizal75 |IR 28/ IR 1541/Giza 180 // Gizald | 11 1989
6 Gizal76 Calarose76/Gizal72//GZ242-5 J 1991
7 Gizal77 Gizal71/Yomiji No.1//Pi No.4 J 1995
8 Gizal78 Gizal75/Milyang49 1/J 1995
9 | Sakhal01 Gizal76/Milyang79 I 1997
GZ4096-7-1/GZ4120-2-5-2
10 | Sakha102 (Gizal77) | 1997
11 | Sakhal03 Gizal77/Suweon349 J 1999
12 | Sakhal04 GZ4096-8-1/GZ4100-9 J 1999
13 | Sakhal05 GZ5581-46-3/GZ4316-7-1-1 J 2010
14 | Sakhal06 Gizal77/Hexi30 J Under release
15 Gizal8l IR24/IR22 [ 1988
. Gizal81/IR39422-161-1-3 //
16 | Gizal82 Gizal81 I 1999
17 | EQYPUAN | 12062.43-8-1/ NAHNG SARN | | 1992
Yasmin
18 GZ1368 IR1615-31 / BG90-2 I Promising Line (Salt)
19 | Gz6296 AC1225/Hua Lien Yu202 g | Promising Line Under
release
Promising Line Under
20 | GZ6903 GZ4596-3-4-2/Suweon372 J release
21 | Gz7576 GZ5418/Milyang79 j | Promising Line Under
release
. Promising Line Under
22 | GZ7769 Sakhal04/Akiyutaka J release

J: Japonica Type, I: Indica Type and I/J: Indica japonica Type
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Microsatellite marker analysis:

Total genomic DNA was extracted from five individuals of each
genotype using CTAB (Cetyl-tetramethyl ammonium bromide) method
according to Murray and Thompson (1980) at twenty one days age. Purity
and concentration of DNA was monitored spectrophotometrically at a
wavelength of 260 and 280 nm using Nano-Drop ND-1000
Spectrophotometer (Wilmington, USA). All DNA samples were diluted to a
working concentration of 20 ng/ul with TE before use. An equal amount of
genomic DNA from 5 individuals of each genotype was mixed to make a bulk
sample for microsatellite PCR analysis.

Twelve primer pairs were selected for the genetic diversity analysis on
the basis of published rice microsatellite framework map (Table 2). The
original source, repeat motifs, primer sequences and chromosomal positions
for these markers can be found in the rice genome database
(http://www.gramene.orq).

Table 2: SSR markers used in the current study and some of their basic

features.

Exp.
l\’/l\larker Chr. [Pro. | Motif F primer seq. R primer seq.
ame size
RM579] 1 [182 | (GA)25 | TCCGAGTGGTTATGCAAATG | AATTGTGTCCAATGGGCTGT
RM488| 1 [177 | (GA)17 | CAGCTAGGGTTTTGAGGCTG | TAGCAACAACCAGCGTATGC
RM341[ 2 [172 |(CTT)20 | CAAGAAACCTCAATCCGAGC | CTCCTCCCGATCCCAATC
RM475| 2 [235 [(TATC)8 | CCTCACGATTTTCCTCCAAC | ACGGTGGGATTAGACTGTGC
RM282| 3 [136 | (GA)15 | CTGTGTCGAAAGGCTGCAC | CAGTCCTGTGTTGCAGCAAG
RM241| 4 [138 | (CT)31 | GAGCCAAATAAGATCGCTGA | TGCAAGCAGCAGATTTAGTG
RM249| 5 |121 (&(2;3&2 GGCGTAAAGGTTTTGCATGT | ATGATGCCATGAAGGTCAGC
RM454| 6 |268 | (GCT)8 | CTCAAGCTTAGCTGCTGCTG | GTGATCAGTGCACCATAGCG
RM70] 7 [170 [(ATT)33 | GTGGACTTCATTTCAACTCG | GATGTATAAGATAGTCCC
RM215] 9 [148 | (CT)16 | CAAAATGGAGCAGCAAGAGC |[TGAGCACCTCCTTCTCTGTAG
RM228 | 10 | 154 (g::))see CTGGCCATTAGTCCTTGG GCTTGCGGCTCTGCTTAC
RM 21| 11 |157 | (GA)18 | ACAGTATTCCGTAGGCACGG | GCTCCATGAGGGTGGTAGAG

SSR analysis was performed following the protocol of Ravi et al.,
(2003) with minor modifications. PCR amplification reactions were carried out
in a total volume of 20yl containing; 10 mM Tris HCI (pH 8.3); 50 mM KCI; 1.5
mM MgCI2; 200 uM each of deoxynucleotide triphosphate (dNTP); 0.2 uM of
each forward and reverse primer; 1 unit Taq DNA polymerase (Fermentas
Life Sciences); and 20 ng of template DNA. The PCR amplifications were
carried out using a MyGene Series Peltier Thermal Cycler (UniEquip GmbH,
Munich, Germany). Thermal cycler was programmed to 1 cycle of 5 min at
94°C as an initial hot start and strand separation step. This was followed by
35 cycles of 1 min at 94°C for denaturation, 1 min for annealing temperature
depending on the marker used (55°C-65°C) and 2 min at 72°C for primer
elongation. Finally, 1 cycle of 7 min at 72°C was used for final extension.
Amplified products were stored at -20°C until further use. The reproducibility
of the amplification products was checked twice for each primer.
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Allele scoring and data analysis:

Ethidium bromide staining of agarose gels generally showed several
bands. The size of the most intensively amplified band for each microsatellite
marker was determined based on its electrophoretic mobility relative to
molecular weight markers (increments of 50 bp). Amplified products from
SSR analysis were scored qualitatively for presence and absence of each
marker allele-genotype combination. Each SSR band amplified by a given
primer was treated as a unit character. Data was entered into a binary matrix
as discrete variables, 1 for presence and 0 for absence of the character. The
most informative primers were selected based on the extent of polymorphism.
The polymorphic information content (PIC) value of a marker was calculated
according to Anderson et al., (1993). Mean allele numbers, PIC values, and
genetic similarities were calculated on the basis of different rice genotypes
and microsatellite classes. Genetic similarities between all pair of the
genotypes were calculated according to Nei and Li (1979). A cluster
diagram was constructed based on these distances by the UPGMA (average
linkage) method to develop a dendogram. The similarity matrix, genetic
distances and dendogram analysis were computed using Numerical
Taxonomy and Multivariate Analysis system, Version 2.1(Rolhf, 2000
NTSYSpc).

Experimental field:

The present experiment was carried out at Research Farm of Rice
Research and Training Center, Sakha, Kafr EL-Sheikh, Egypt, during 2009
and 2010 summer seasons. Twenty two Egyptain rice genotypes were used
(as shown from table) to study genetic diversity assessment using
morphological and SSR markers. The experiment was laid out in a
Randomized Complete Block Design (RCBD) with three replications. Thirty
day old seedlings of each genotype were individually transplanted in seven
rows/plot/replicate with spacing of 20 x 20 cm a part between rows and
plants. Plant height (cm), number of panicles/plant, number of filled
grains/panicle, 1000-grain weight (g), flag leaf area and grain yield (t/ha) were
recorded according to the Standard Evolution System (SES) for rice, IRRI,
1996. Total chlorophyll content in flag leaf area was recorded using
chlorophyll meter (5 SPAD-502 minolta Camera Co.ltd., Japan) at heading
stage. All recommended agricultural practices were applied for the permanent
rice field. Weeds were chemically controlled by 2 liters of Saturn. The
collected data were analyzed for analysis of variances according to Gomes
and Gomes (1984).

Biotic Stresses Scoring
Blast nursery test:

Twenty two Egyptian rice genotypes were evaluated under field
conditions at three locations i.e. Sakha, Gemmiza and Zarzora for blast
resistance at seedling stage for major gene resistance with natural infection
at blast nursery test (as recommended for disease assessment). Seedbeds
were prepared during the first week of July in each season and fertilized with
nitrogen in the form of urea (46.5%N) at the rate of 60 Kg nitrogen per feddan
and manured (8 m3 farm-yard manure /fed) and prepared for seeding the
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varieties. Width of the seedbed was one meter and 10.5 m long, at the
beginning and end of each seedbed, five rows of Giza 159 (blast susceptible
spreader) were sown, then five of the considered varieties, and again one
row of the spreader, with 15 cm apart. Another five varieties were sown,
followed by one row of the resistant check (Giza 181). The susceptible and
resistant checks were sown alternatively, surrounding five of the considered
varieties. The varieties were left exposed for natural blast infection at
seedling stage. About forty-days from sowing, the typical blast lesions were
scored, according to the standard evaluation system using 0-9 scale (IRRI
1996) as follows:

1-2 =resistant (R)

3 =moderately resistant (MR)

4-6 = susceptible (S)

7-9 = highly susceptible (HS)
Artificial inoculation:

All varieties were evaluated for all diseases under natural infection
except brown spot and kernel smut. Blast, brown spot and bakanae were
tested at seedling stage, while neck blast infection, false smut, kernel smut
and sheath rot after complete heading. Only white tip nematode was tested
after forty five days from transplanting during appearance of symptoms.
Concerning artificial inoculation for brown spot, Twenty two Egyptian varieties
were seeded in plastic trays (30 x 20 x15 cm.). Each tray comprised 20 rows
representing twenty varieties in four replications. The trays were kept in the
greenhouse at 25-30°C, and fertilized with Urea 46.5%N (5 gm/tray). The
plants were inoculated for evaluation under greenhouse conditions with
virulent isolate of brown spot. Seedlings were ready for inoculation at 3-4-leaf
stage, about 3-4 weeks after sowing.

Twenty days old seedlings, in the trays, were inoculated by spraying
with water suspension of isolates. Spore suspension(100 ml) was prepared
and adjusted to 5 x 104 spores/ml. Gelatin was added to the spore
suspension at a concentration of 2.5 g/L (Bastiaans, 1993) to enhance the
adhesion of spores on leaf surfaces and sprayed using electrical spray gun.
The inoculated seedlings were held in a moist chamber with at least 90%
R.H. at 25-28 oC for 24 hr, and then moved to the greenhouse. Ten days
after inoculation, severe symptoms were appeared on different rice cultivars.
Brown spot infection was scored, according to the Standard Evaluation
System of IRRI, 1996.

For kernel smut, all cultivars were inoculated three times during
flowering stage at the period of florets opening (11-1 pm) with suspension of
2 x 105 sporidia/ ml (allantoid sporidia). Gelatin was added to the inoculation
with concentration of 2.5 g/L to enhance the adhesion of spores on florets
surfaces. Samples were taken at the end of the season.

All diseases infection was scored, according to the Standard valuation
System of IRRI 1996.
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RESULTS AND DISCUSSION

Mean performance:

Mean performance for all studied traits is presented in Table 3. The
data revealed highly significant mean squares for all studied traits, suggesting
the presence of genetic variations among the rice genotypes for all studied
traits. Regarding the chlorophyll content of leave, data in Table 3 indicated
that rice varieties varied significantly in their chlorophyll content. Sakha 101,
Sakha 104 and Giza 176 gave the highest values 46 and 45 SPAD while, Rehio
recorded the lowest one 33 SPAD, The differences among the tested rice
varieties in chlorophyll content may be attributed to the background of rice varity,
which is mainly affected by genetic and partially by the environmental factors
such as fertilizer, soil conditions and weather. Similar findings were reported by
Abd Alla (1996).

Regarding to flag leaf area, data in Table 3 indicated that rice varieties
differ significantly in their flag leaf area. Egyptian Yasmine, GZ1368 and Giza
181 gave the highest flag leaf area 45, 44 and 43 cm2, respectively. Meanwhile,
Giza 177 and GZ7576 recorded the lowest flag leaf area 26.67cm2. The
differences among the rice varieties in their flag leaf area mainly due to nature of
rice variety, similar trend found by Sedeek et al., (2009).

For growth duration (days) the rice genotypes; Sakha 103, GZ7769 and
GZ 6522 were earlier than the old rice varieties Giza 171, Giza 172, Giza 181
and Egyptian Yasmine by 25 days at least, thus these rice varieties consume
less irrigation water, than the others.

Regarding to plant height, a significant differences among all the studied
varieties were shown. Giza 171 recorded the tallest plant height of 127 cm while
(GZ6296 recorded the shortest one (86¢cm).

The rice lines, Giza 178, Sakha 101, Sakha 104, GZ6522 and GZ7955
recorded the highest values of number of panicles/plant.

For panicle length, data in table 3 showed that the rice genotypes; Giza
181, Giza 182, Egyptian Yasmine and Giza 178 gave the highest values of
panicle length as compared with the other rice genotypes.

For number of filled grains/panicle data in table 3 showed that the rice
genotypes; Giza 181, Giza 182, Egyptian Yasmine and Giza 178 gave the
highest values of number of filled grains/panicle as compared with the other rice
genotypes, indicating that there are positive correlation between panicle length
and number of filled grains/panicle.

As for 1000-grain weight, Sakha 102 and GZ7955 recorded the heaviest
1000-grain weight 28.3 and 28 g while Giza 178, Giza 171 and GZ1368 gave the
lowest 1000-grain weight (21, 22.6 and 23 g , respectively). These differences
among the genotypes may be due to the differences in their genetic background.
These results are in close agreement with those obtained by Hammoud et al.,
(2006).

The rice lines, Giza 178, Sakha 101, Sakha 104, GZ6522 and GZ7955
recorded the highest values of grain yield (t/ha). The superiority of these varieties
in grain yield might be due to their higher number of panicles/plant and their
agronomic efficiency.
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Table 3: Mean performances of the rice genotypes for some agronomic
studied traits.

chlorophyll| Flag Plant 1000-

content | leaf |Duration |height No. of [Panicle | Filled grain Grain

No.| Variety panicle/ | length |grains/ . yield
((?npgﬁg?)) (g::g) (day) [ (cm) plant (cm) |panicle W?'g%ht (t/ha)

1 |Reiho 33.0 30.2 144.0 |113.0| 21.0 21.7 133.3 | 26.3 9.3
2 |Giza 159 38.0 32.2 | 146.3 |122.0| 19.3 21.7 11250 | 26.0 | 7.4
3 |Giza 171 37.0 28.0 159.0 |127.0| 20.7 20.7 140.0 | 22.6 6.8
4 |Giza 172 38.0 29.0 | 150.0 |122.0 | 20.3 23.0 |1129.0 | 243 | 7.1
5 |Giza 175 37.0 27.0 131.3 94.0 22.3 22.7 134.3 | 20.7 9.8
6 |Giza 176 45.0 30.0 | 149.0 ] 99.0 | 21.0 20.7 11413 | 25.3 | 8.8
7 |Giza 177 44.0 26.7 124.7 [101.0 | 19.0 22.0 119.0 | 27.7 9.8
8 |Giza 178 42.0 41.0 | 135.0 |100.0 | 22.3 25.3 ]158.3 | 21.0 |10.5
9 |Giza 181 35.7 43.0 150.0 |100.0 | 21.0 26.7 151.3 | 25.0 8.3
10 [Giza 182 36.0 40.7 | 127.0 | 98.0 | 22.3 22.3 |155.7 | 25.3 | 9.3
11 |Sakha 101 46.0 34.0 141.0 89.0 23.0 24.0 151.3 | 27.7 110.9
12 [Sakha 102 42.7 28.0 | 125.0 |106.7 | 20.0 21.7 1129.3 | 28.3 | 9.7
13 |Sakha 103 43.0 29.0 122.0 98.0 21.0 22.3 128.0 | 25.0 |10.0
14 [Sakha 104 45.0 30.7 | 135.0 |107.7 | 21.7 26.0 | 137.7 | 26.7 |[10.4
15 |E.Yasmin 39.0 45.0 150.0 |105.0 | 21.7 25.0 167.0 | 26.0 7.5
16 [GZ 1368 35.0 440 | 147.0 |105.0 | 24.0 22.0 |153.7 | 23.0 | 9.8
17 |GZ6296 44.0 29.0 126.0 86.0 22.0 23.3 114.0 | 25.0 9.0
18 [Gz6522 41.7 37.0 | 125.0 | 98.3 20.0 21.7 1310 | 27.0 |10.7
19 |GZ6903 44.0 32.0 134.3 94.7 21.3 21.7 130.0 | 27.7 110.0
20 |GZ7576 37.3 26.7 | 127.0 |101.3 | 21.0 21.7 |1124.7 | 26.0 | 9.4
21 |GZ7769 39.0 28.7 123.0 |104.0 | 21.7 21.7 142.3 | 27.0 9.7
22 |GZ7955 42.0 34.0 | 128.0 |107.0 | 22.7 23.0 | 155.7 | 28.0 |10.9
LSD 5 % 1.6 1.4 1.7 1.8 1.4 1.7 3.9 1.4 0.2

Biotic Stresses Results:
Blast disease

For blast disease assessment as shown in Table 4, old rice cultivars
such as Giza 159, Giza 176, Giza 171 and Giza 172 were highly susceptible.
While, resistance to blast for Sakha 101 and Sakha 104 was broken-down in
2004 with the appearance of the specific variulant races and became
susceptible. Still Giza 177, Sakha 102 and Sakha 103 shown resistant and
became good sources for blast resistance. Giza 178 and other indica rices
appeared to be resistant. All new promising lines also were resistant (GZ
6522, GZ6903 and GZ7955) (RRTC, 2009a)
Brown spot disease

Concerning brown spot under artificial inoculation (Table 4), all tested
indica rices exhibited high level of resistance such as Giza 178, Gizal81 and
GZ 6296. All japonica rice cultivars were susceptible and shown highly
susceptiblity. Under natural infection all tested cultivars exhibited resistance
more than 90 % except Giza 171, Giza 177; Sakha 102 and Sakha 104 were
highly susceptible. These results in accordance with RRTC, (1994) and
Osman: et al., (2005) which they found that infection with brown spot varied
according to different tested varieties. The infection was higher on Giza 177
and Giza 171 rice cultivars as compared with the other cultivars tested while
the least infected cultivar is Sakha 104. The cultivar Giza 171 had the highest
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percentage of discolored grain, followed by Giza 176, while Giza 178 was the
least one.
False smut disease

False smut disease of rice caused by Ustilaginoidea virens (Cooke)
Takahashi, a major disease causing significant losses in yield in certain areas of
the world, (Ou, 1985). In Egypt false smut disease was observed for the first
time, in 1997 at Kafr El-Sheikh governorate on the rice plants of Cv. Giza 171.
Now, it was found in some fields at the 6 rice growing governorates on both early
and late maturing cultivars. In general no resistant genotype were shown for all
genotypes (Sehly et al., 2000; Tahoon, 2005 and RRTC, 2009 b)

Kernal smut disease

Kernel smut disease was shown in score (Table 4), all the tested
varieties exhibited different levels of infection, the old cultivars such as Giza
171, Giza 172, Giza 159, Giza 175, Giza 177 and Giza 178 were highly
susceptible. Also Reiho, Sakha 102 and Sakha 103 were susceptible. The
new GZ lines and the rest of tested varieties exhibited low level of infection
and are moderately resistant. Although Sakha 101 and Sakha 104 occupied
more than 70 % of the total cultivated area but exhibited low level of infection.
White tip nematode disease

For White tip nematode score (Table 4), all indica rices were resistant
to Aphelenchoides besseyi; Giza 175, Giza 181, Giza 182 and Egyptian
yasmen. On the other side, all japonica rices were susceptible except Giza
159, Giza 176 and Sakha 104. While, indica japonica cultivars were
resistant; Giza 178 and GZ 6296. All GZ lines under study were susceptible
but exhibited high level of tolerance and gave acceptable production and
yield. These results are in harmony with the data obtained by El-Shafey
(2007).

Rice bakanae disease

For Bakanae, under natural infection (Table 4), Sakha 101 and Giza
177 were highly susceptible and showed high level of infection in nursery
bed. Also, GZ 6522 was susceptible to Fusarium moniliforme. The rest of
japonica, indica japonica and indica rices were resistant. These results were
in accordance with the data obtained by Gabr (2010) due to the genetic make
up of those genotypes.

Sheath rot

Sheath rot, disease of rice caused by Sarocladium oryzae (Sawada) it
is present and very common in Southeast Asia, India and different rice
ecosystems (Ou, 1985). In Egypt, it was considered a minor disease, the
fungus infected individual panicles in some rice varieties.

For sheath rot (Table 4), the most of rice varieties were resistant,
except some old commercial cultivars; Giza 159, Giza 176 and Reiho
exhibited individuals infected panicles. For indica type, only; Giza 181, Giza
182 and Egyptain Yasmin exhibited a minor infection. Also, Sakha 104
recorded the lowest level of infection under natural infection. From the
reaction of rice varieties to different diseases, these varieties exhibited a
broad spectrum of variability, so it could be identified as resistant sources for
transferring the resistance from such varieties.
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Table 4: Reaction of the studied twenty two rice genotypes to different
diseases during season.

No | Varieties |Type |Blast Brown |False | Kernel |White tip Bakanae Sheath
spot |smut| smut |neamtode rot
1 |Reiho J HS HS S S HS R S
2 [Giza 159 J HS HS S HS R R S
3 [Giza171 J HS HS HS HS HS S R
4 |Giza 172 J HS HS HS HS HS R R
5 |Giza 175 11J R MR S HS R R R
6 [Giza 176 J HS S S MR R R S
7 Giza 177 J R HS HS HS S HS R
8 [Giza 178 113 R MR S HS R R R
9 |Giza 181 | R MR S MR R R S
10 Giza 182 | R MR S MR R R S
11 |[Sakha 101 | J HS S S MR S HS R
12 |Sakha 102 | J R HS HS S S R R
13 |[Sakha 103 | J R MR S S S R R
14 |Sakha 104 | J HS S S MR R R S
15 [E. yasmine | R MR S MR R R S
16 |GZ 1368 | R MR S MR R R R
17 |GZ6296 113 R MR S MR R R R
18 |GZ6522 J R S S MR S S R
19 |GZ6903 J R HS S MR S R R
20 |GZ7576 J R S S MR S R R
21 |GZ7769 J R MR S MR HS R R
22 |GZ7955 J R MR S MR S R R

R, Resistant; S, susceptible; HS, highly susceptible; MR, Moderately resistant.

Clustering of the genotypes based on biotic stresses reaction:

A dendrogram was constructed based on Numerical Taxonomy System
of Multivariate Programs (NTSYS) similarity coefficients, in which the twenty
two rice genotypes were grouped into two major groups (Fig. 1). Group |
consisted of the most susceptible Egyptian rice varieties for biotic stresses
(Gizal71l and Gizal72). Group Il consisted of 20 rice genotypes, which are
further subdivided into two clusters, the most cultivated Egyptian rice varieties
and they became nowadays susceptible for a lot of different rice diseases
Sakhal0l and SakhalO4 come separately alone in cluster-l.  Cluster-Il
containing 18 genotypes, further divided into three sub clusters. Sub cluster-I
containing the most resistant Egyptian rice genotypes (Gizal77 and
Sakhal02) with 0.54 similarities, and they came together because they
sharing have the same reaction for resistance score for most of the biotic
stresses. Sub cluster-1l containing three rice genotypes (Reiho, Gizal59 and
Gizal76); they came together because they sharing for most of the
susceptible score reactions. Sub cluster-1ll containing remains of the 13 rice
genotypes, which are further subdivided into five sub-sub clusters. The
Egyptian  indica/japonica rice variety (Gizal78) comes separately alone
because it has most of the resistance score reaction for most of the biotic
stresses. The Egyptian indica rice varieties (Gizal81, Gizal82 and GZ1368)
come alone because they have the genetic background and also, they have

118



J. Plant Production, Mansoura Univ., Vol. 2 (1), January, 2011

most of the resistance score reaction for most of the biotic stresses.

The results indicated that most of the Egyptian japonica rice varieties,
which are the widest distributing and cultivating, they have the most of
susceptible sources for biotic stresses. So, nowadays it is become clearly
essential to broaden the genetic base of the rice varieties cultivated in Egypt
to reduce its vulnerability to diseases and insect pests, El-Shafey, 2007 and
Gabr, 2010.

Reiho
| I Gizals9

Gizal76

Gizal75
GZ6296

GizalSl

— — =

Gizal82

Gizal78

GZ6522

—1 _{ 1GZ6903

lgz79ss
I Sakhal03

[ GZ7576

GZ7769

f Gizal77
L Sakhal02
I Sakhal0l
Sakhal04

[ Gizal7l

L Gizal72

013 0.30 0.1 0.66 0.3

Coefficient

Fig. 1. UPGMA cluster analysis showing the diversity and relationship
among 22 Egyptian rice genotypes based on the biotic stresses
reaction.

Microsatellite markers diversity

Most of the rice genotypes used in this study can be considered as
standard rice genotypes for evaluating allelic diversity in Egyptian rice
varieties (Fahmi et al., 2005 and El-Malky et al., 2007). All twelve rice
microsatellite markers that used in this study were found to be polymorphic
among the twenty two rice genotypes and produced a total of 73 alleles
(Table 5). Figure 2 shows the PCR amplified products from the twenty two
genotypes for specific SSR markers to RM488 and RM341. Also, these
figures for example, show the size standard, which was effective for
estimating the molecular weights for all PCR products amplified across all
rice genotypes. These sizes were predicted from sequencing the clone used
to isolate microsatellites (McCouch et al., 2002). Each individual
microsatellite had a typical fragment pattern that could be easily recognized
and the most intense fragment was evaluated for molecular weight.

The maximum number of polymorphic alleles (i.e. 10 bands) was
obtained with the marker RM488, while the minimum number of polymorphic
bands (3 alleles) was amplified with the marker RM282 (Table 5). The
average number of polymorphic alleles per locus was 6.08.
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Table 5: Characterization of the SSR markers used in the current study.

SSR Locus Number of Allele size (bp) Difference PIC*
alleles Min Max (bp)

RM 579 6 152 190 38 0.518
RM 488 10 147 240 93 0.716
RM 341 6 155 200 45 0.642
RM 475 5 185 235 50 0.593
RM 282 3 126 180 54 0.667
RM 241 5 138 170 32 0.592
RM 249 7 111 165 54 0.345
RM 454 5 228 310 82 0.617
RM 70 5 150 220 70 0.677
RM 215 7 148 210 62 0.494
RM 228 6 114 170 56 0.592
RM 21 8 115 195 80 0.716
Mean 6.08 0.588

* Polymorphic information content

M12345¢67 89 1011121314 151617 1819 20 21 2

;..“‘.QU'.'.I.Q.'.H'.OQ

3 45 6 7 8 9 10 11 1213 1415 16 17 18 19 20 2122

- -

Fig. 2: Genomic amplification using primers specific to RM488 in the
upper image showed 8 alleles in all the rice genotypes and
RM341 in the down image showed 6 alleles in all the rice
genotypes. M is 100bp ladder.
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The overall size of the amplified product varied from 111 bp (RM249) to 310
bp (RM454). The molecular size difference between the smallest and the
largest allele for a given locus varied from 32 to 93 bp. The level of
polymorphism among the genotypes was evaluated by calculating alleles
number and PIC values for each of the 12 SSR markers evaluated (Table5).
The PIC values, a reflection of allele diversity and frequency among the
genotypes, were high for all microsatellites with average of 0.588 and ranged
from a low of 0.345 for RM249 to a high of 0.716 for RM488 and RM144.
Genetic relationships among rice genotypes

The UPGMA cluster diagram grouped the 22 Egyptian rice genotypes
into two major groups at 100% confidence interval, effectively differentiating
the indica rice genotypes from the japonica and indica/japonica ones at
similarity coefficient value of 0.69 (Figure 3). The classification of the
Egyptian rice genotypes was in agreement with the parentage presented in
Table 1 and with the previous studies of the same genotypes (Fahmi et al.,
2005 and El-Malky et al., 2007).

——— i
Gizal 78
L GZ6296

Gizal 59

Sakhal05
GZ7576
GZ7769

I
Gizal 77
Gizal 72

Sakhal03
GZT7955
Gizal71
GZ6903
|Gizal 76

4| 15akhal0l

Sakhal04

[——— Gizal81
[ L Gizal82

—| L GZ1368

E.Yasmin

T T T T T T T T T

T T
0.69 0.75 081
Coefficient

T T T T T T T T

1
094

Fig. 3: UPGMA cluster analysis showing the diversity and relationship
among 22 Egyptian rice genotypes based on 73 alleles generated
by 12 SSR markers.

Group | is comprised of indica varieties and consisted 4 genotypes,
which are further subdivided into two clusters, the Egyptian aromatic indica
variety (Egyptian Yasmin) comes separately alone in cluster-l. Cluster-II
containing three genotypes (Gizal81, Gizal82 and GZ1368), further divided
into two sub clusters with 0.82 genetic similarities.
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Group Il is comprised japonica and indica/japonica varieties and
consisted 18 genotypes, which are further subdivided into two clusters,
cluster-1 containing six genotypes, further divided into two sub clusters with
0.74 genetic similarities. Sub cluster-l containing the Egyptian indica/
Japonica genotypes (Gizal75, Gizal78 and GZ6296) with 0.84 genetic
similarities, and they came together because Gizal75 was used for
producing Gizal78 and became one of the ancestors for the new promising
line GZ6296. Sub cluster-IlI containing three genotypes (Gizal59, Reiho and
Sakhal05) with 0.82 genetic similarities. Cluster-ll containing the Egyptian
japonica genotypes with 0.74 genetic similarities, which are further
subdivided into three sub-clusters. Sub cluster-I containing two genotypes
GZ7576 and GZ7769 (new promising lines). Sub cluster-Il containing six
genotypes (Gizal72, Gizal77, Gizal7l, Sakhal02, Sakhal03 and GZ7955
(Sakhal06)) with 0.82 genetic similarities. The Sub cluster-l1l came together
because Nahda variety was used for producing Gizal71l and Gizal72 where
these two varieties played a major role for producing Gizal77, Sakhal02 and
Sakhal03 therefore; they became the ancestors of Sakhal06. Sub cluster-Ill
containing four genotypes (Gizal76, Sakhal01, Sakhal04 and GZ6903) with
0.83 genetic similarities. The closest genotypes are Gizal76 and SakhalOl
with 0.94 genetic similarities, because Gizal76 was used for producing
Sakhal01. This result proved that microsatellite markers were a good tool for
testing genetic diversity (Nagaraju et al., 2002; Ni et al., 2002 and Jain et al.,
2004).

One main cause of eradication of plant genetic sources has been the
adaptation of narrowly based advanced varieties for intensive cultivation
practices. The low genetic diversity found among the Egyptian rice genotypes
evidence the narrow genetic bases used in our breeding programmes. A
pedigree analysis included in this work, showed a strong contribution of only
few progenitors to main varieties and new promising breeding lines. The
results indicated that it is essential to broaden the genetic base of the rice
varieties cultivated in Egypt to reduce its vulnerability to diseases and insect
pests. Recent studies carried out by the International Rice Research Institute
showed there is still a tremendous amount of unexploited genetic diversity in
the primary gene pool of rice that can be used for enhancing the diversity in
local germplasms and their performance under diverse agroecological
conditions (Ali et al., 2006 and Lafitte et al., 2006). Wild species of Oryza also
represent a potential source of new alleles for improving yield, quality, and
stress resistance in rice cultivars (McCouch, 2004; Kovach and McCouch,
2008). Several studies report improvements in performance because the
introgression of valuable genes from wild germplasm into elite rice cultivar.
Lines derived from crossing the wild species Oryza rufipogon with Oryza
Sativa cultivars showed higher yields than their progenitors and are tolerant
to several abiotic stresses (Nguyen et al., 2003; Tian et al., 2006 and
McCouch et al., 2007). Yield and grain quality enhancing alleles have also
been identified from O. glaberrima (Li et al., 2004 and Sarla and Swamy,
2005) and O. glumaepatula (Brondani et al., 2002 and Rangel et al., 2005).
Utilization of these “novel” gene sources will be of great importance in
national rice breeding program for maximizing the yield and providing new
sources of the biotic stresses resistance.

122



J. Plant Production, Mansoura Univ., Vol. 2 (1), January, 2011

REFERENCES

Abd Alla, A.B. (1996). Effect of some cultural treatments on rice. M.Sc. Thesis,
Fac., Agric., Moshtohor, Zagazig University, Egypt.

Ali, AJ.; Xu, J.L.; Ismail, A.M.; Fu, B.Y.; Vijaykumar, C.H.M.; Gao, Y.M., Domingo,
J.M.; Maghirang, R.; Yu, S.B.; Gregorio, G.; Yanaghihara, S.; Cohen, M.;
Carmen, B.; Mackill, D. and Li, Z.K. (2006). Hidden diversity for abiotic and
biotic stress tolerances in the primary gene pool of rice revealed by a large
backcross breeding program. Field Crop Rese. 97 1: 66-76.

Anderson, J.A.; Churchill, G.A.; Autrique, J.E.; Tanksley, S.D. and Sorrells, M.E.
(1993). Optimizing parental selection for genetic linkage maps. Genome, 36,
1:181-186.

Bastiaans L. (1993). Effect of leaf blast on photosynthesis of rice. 1- Leaf
photosynthesis. Netherlands J. of Plant Pathology, 99:197-203.

Brondani, C.; Rangel, N.; Brondani, V. and Ferreira, E. (2002). QTL mapping and
introgression of yieldrelated traits from Oryza glumaepatula to cultivated rice
(Oryza Sativa) using microsatellite markers. Theoretical and Applied
Genetics, 104, 6-7: 1192-1203.

El-Malky, M. M.; Fahmi, A.l. and Koth, A.A. (2007). Detection of genetic diversity
using microsattelites in rice (Oryza Sativa L.), African journal of
Biotechnology, 8: 597-603.

El-Refaee, Y. Z. (2009). Identification of quantitative trait loci (QTL) for salt
tolerance in rice (Oryza Sativa L.). Ph.D Thesis submitted to Sant Anna
School, International Ph D program Pisa, Italy.

EL-Shafey, R. A. S. (2002). Studies on pyricularia oryzae the causal organism of
rice blast disease and its control. M.Sc. Thesis, Fac. of Agric., Minufiya
Univ., Egypt.

El-Shafey, R.A.S. (2007). Biological and ecological studies on white tip nematode
in rice with special reference to its control. PhD. Thesis, Fac. of Agric.,
Kafrelsheikh Univ., Egypt.

Fahmi, A.l.; Aidy, I.R.; Nagaty, H.H. and El-Malky, M. M. (2005). Genetic diversity
of short-Growth Duration Germplasm of Rice(Oryza Sativa L.) as Reveald
by RAPD and Microsattelite Markers. Egypt. J. Genet. Cytol., 34,29-49.

Gabr, W. E., (2010). Studies on Bakanae disease of rice caused by Gibberella
fujikuroi (Fusarium moniliforme) in Egypt. PhD. Thesis, Fac. of Agric.,
Kafrelsheikh Univ., Egypt

Garris, AJ.; Tai, T.H.; Coburn, J.R.; Kresovich, S. and McCouch, S.R. (2005).
Genetic structure and diversity in Oryza Sativa L. Genetics, 169, 3. 1631-
1638.

Ghneim Herrera, Thaura; Posso Duque, Duina; Pérez Almeida, Iris; Torrealba
Nifiez, Gelis; Pieters, Alejandro J.; Martinez, César P.; Tohme, Joe M.
(2008). Assessment of genetic diversity in Venezuelan rice cultivars using
simple sequence repeats markers. Electroni Journal of Biotechnology, 11, 5.

Gomez KA. and Gomez AA., (1984). Statistical procedures for agricultural
research. 2nd ed., John Wiley and Sons ,USA.

Hammoud, S.A.; Khattab, A.B.; Sedeek, S.E.M. and EL-Abd, A.B. (2006). Genetic
analysis of grain yield, panicle traits and some grain quality in Rice (Oryza
Sativa L.). The first field Crops Conference, Field Crops Research Institute,
ARC, Egypt. 157-170.

123



El-Refaee, Y.Z.A. et al.

IRRI, (1996). Standard evaluation system for rice. IRRI (International Rice
Research Institute), Los Banos Laguna,P.O.Box 933,Manila, Philippines.

Jain, Sunita; Jain, Rajinder K. and McCouch, Susan R. (2004). Genetic analysis of
Indian aromatic and quality rice (Oryza Sativa L.) germplasm using panels of
fluorescently-labeled microsatellite markers. Theoretical and Applied
Genetics, 109, 5, 965-977.

Joshi, Raj Kumar and Behera, Lambodar. (2006). Identification and differentiation
of indigenous non-Basmati aromatic rice genotypes of India using
microsatellite markers. African J. of Biotechnology, 6, 4: 348-354.

Khush, Gurdev S. (1997). Origin, dispersal cultivation and variation of rice. Plant
Molecular Biology, 35, 1-2: 25-34.

Kovach, M.J. and McCouch, S.R. (2008). Leveraging natural diversity: back
through the bottleneck. Current Opinion in Plant Biology, 11, 2: 193-200.

Lafitte, H.R.; Li, Z.K.; Vijayakumar, C.H.M.; Gao, Y.M.; Shi, Y.; Xu, J.L.; Fu, B.Y.;
Yu, S.B.; Ali, AJ.; Domingo, J.; Maghirang, R.; Torres, R. and Mackill, D.
(2006). Improvement of rice drought tolerante through backcross breeding:
Evaluation of donors and selection in drought nurseries. Field Crops
Research, 97, 1: 77-86.

Li, J.; Jinhua, X.; Granadillo, S.; Jiang, L.; Wan, Y.; Deng, Q.; Yuang L. and
McCouch, S. (2004). QTL detection for rice grain quality traits using an
interspecific backcross population derived from cultivated Asian (O. sativa
L.) and African (O. glaberrima S.) rice. Genome, 47, 4:697-704.

Lu, H.; Redus, M.A.; Coburn, J.R.; Rutger, J.N.; McCouch, S.R and Tai, T.H.
(2005). Population structure and breeding patterns of 145 US rice cultivars
base don SSR marker analysis. Crop Science, 45, 1, 66-76.

McCouch, S. R.; Chen, X. and Cho, Y.G. (2002). Sequence divergence of rice
microsatillites in Oryza and other plant species. Mol. Genet. Genomics, 268,
331-343.

McCouch, S.; Sweeney, M.; Li, J.; Jiang, H.; Thomson, M.; Septiningsih, E.;
Edwards, J.; Moncada, P.; Xiao, J. and Garris, A. (2007). Through the
genetic bottleneck: O. rufipogon as a source of traitenhancing alleles for O.
sativa. Euphytica, 154, 3: 317-339.

McCouch, Susan (2004). Diversifying selection in plant breeding. PLoS Biology, 2,
10: 1507-1512.

Muray, M.G. and Thompson, W.F. (1980). Rapid isolation of high molecular weight
plant DNA. Nucleic Acids Research 8:4321-4325.

Nagaraju J., Kathirvel M., Ramesh K.R., Siddiq E.A. and Hasnain S.E. (2002).
Genetic analysis of traditional and evolved Basmati and non-Basmati rice
varieties by using fluorescence-based ISSR-PCR and SSR markers. Proc.
Natl. Acad. Sci. USA, 99(9): 5836-584.

Nei, Masatoshi and LI, Wen-Hsiung. (1979). Mathematical model for studying
genetic variation in terms of restriction endonucleases. Proceedings of
National Academy of Sciences of the United States of America, 76, 10:
5269-5273.

Nguyen, B.D.; Brar, D.S.; Bui, B.C.; Nguyen, T.V.; Pham, L.N. and Nguyen, H.T.
(2003). Identification and mapping of the QTL for aluminium tolerante
introgressed from the new source, Oryza rufipogon Griff., into indica rice
(Oryza Sativa L.). Theoretical and Applied Genetics, 106, 4: 583-593.

124



J. Plant Production, Mansoura Univ., Vol. 2 (1), January, 2011

Ni, Junjian; Colowit, Peter M. and Mackill, David J.(2002). Evaluation of genetic
diversity in rice sub species using microsatellite markers. Crop Science, 42,
2, 601-607.

Osman, Z.H.; Badr, E. AS.; EL-Wahsh, S.M.; Sehely, M.R. and Salem, E. A.
(2005). Effect of nitrogen fertilization sources and rates on some rice
diseases in Egypt. Egypt. J. Agric. Res., 83 (5B): 511-521.

Ou, S.H. (1985). Rice Diseases Il edition. CMI, Kew, England. pp. 337-364.

Rangel, P.H.N.; Brondani, C.; Rangel, P.N.; Brondani, R.P.V. and Zimmermann,
F.J.P. (2005). Development of rice lines with gene introgression from wild
Oryza glumaepatula by the AB-QTL methodology. Crop Breeding and
Applied Biotechnology, 5, 1: 10-19.

Ravi, M.; Geethanjali, S.; Sameeyafarheen, F. and Maheswaran, M. (2003).
Molecular marker based genetic diversity analysis in rice (Oryza Sativa L.)
using RAPD and SSR markers. Euphytica, 133, 2, 243-252.

Ren, F.; Lu, B.R,; Li, S.; Huang, J. and Zhu, Y. A (2003). Comparative study of
genetic relationships among the AAgenome Oryza species using RAPD and
SSR markers. Theoretical and Applied Genetics, 108, 1: 113-120.

Rohlf, F.J. (2000). NTSYS-PC manual Exter Software, Setauket, New Yourk.

RRTC, (1994). Rice Research and Training Center. Annual Report for 1993.
Sakha, kafr EI-Sheikh, Egypt.

RRTC, (2009 a). Rice Research and Training Center. Annual Report for 2008.
Sakha, kafr EI-Sheikh, Egypt.

RRTC, (2009 b). Rice Research and Training Center. Annual Rice National
Campaign Report of rice program, Agric. Res. Center, Ministry of Agriculture
and Land Reclamation.

Saini, Navinder; Jain, Neelu; Jain, Sunita and Jain, Rajinder.(2004). Assessment of
genetic diversity within and among Basmati and non-Basmati rice varieties
using AFLP, ISSR and SSR markers. Euphytica, 140, 3: 133-146.

Sarla, N. and Swamy, B.P. (2005). Oryza glaberrima: a source for the
improvement of Oryza Sativa. Current Science, 89, 6: 955-963.

Sedeek, S.E.M.; Hammoud, S.AA.; Ammar, M.H.and Metwally, T.F. (2009).
Genetic variability, heritability, genetic advance and cluster analysis for some
physiological traits and grain yield and its components in rice (Oryza Sativa
L.).J.Agric.Res.Kafer EL-Sheikh Univ.,35(3):858-878.

Sehly, M.R., Osman, Z.H. and Salem, E.A. (2002). Rice diseases. In: Rice in
Egypt. Rice Research and Training Center, Agric. Res. Center, Egypt. PP:
198-238.

Sehly. M. R.; Osman, Z. H.; Salem E. A, Badr, E. A. S. and EI- Wahsh, S. M.
(2000). Proceedings of the fourth. Nrational Rice Research and
Development Program Workshop, 12-13 Feb.

Sehly. M. R.; EI- Wahsh, S. M., Badr, E. A. S., EL-Malkey, M.M. H., EL-Shafey, R.
A. S. and Aidy, LR. (2008). Evaluation of certain egyptian rice cultivars to
blast disease incidence during fourteen years in egypt. J. Agric. Sci.
Mansoura Univ., 33 (4): 2533 — 2547.

Singh, R.K.; Sharma, R.K.; Singh, AK.; Singh, V.P.; Singh, N.K.; Tiwari, S.P. and
Mohapatra, T. (2004). Suitability of mapped sequence tagged microsatellite
site markers for establishing distinctness, uniformity and stability in aromatic
rice. Euphytica, 135, 2: 135-143.

125



El-Refaee, Y.Z.A. et al.

Siwach, Priyanka; Jain, Sunita; Saini, Navinder; Chowdhury, Vijay K. and Jain,
Rajinder K. (2004). Allelic diversity among Basmati and non-Basmati long-
grain indica rice varieties using microsatellite markers. Journal of Plant
Biochemistry and Biotechnology, 13, 1: 25-32.

Tahoon, A.M. (2005). Studies of smut disease of rice in Egypt. M.Sc. Thesis,
Faculty of Agric., Tanta Univ.

Temnykh, S.; Park, W.D.; Ayes, N.; Cartinhour, S.; Hauck, N.; Lipovich, L.; Cho,
Y.G.,, Ishi, T. and McCouch, S.R. (2000). Mapping and genome
organization of microsatellite sequences in rice (Oryza Sativa L.). Theoretical
and Applied Genetics, 100, 5: 697-712.

Tian, F.; Li, D.; Fu, Q.; Zhu, Z.; Fu, Y.; Wang, X. and Sun, C. (2006). Construction
of introgression lines carrying wild rice (Oryza rufipogon Griff.) segments in
cultivated rice (Oryza Sativa L.) background and characterization of
introgressed segments associated with yield related traits. Theoretical and
Applied Genetics, vol. 112, 3, 570-580.

Yu, S.B.; Xu, W.J.; Vijayakumar, C.H.M.; Ali, J.; Fu, B.Y.; Xu, J.L,; Jiang, Y.Z;
Marghirang, R.; Domingo, J.; Aquino, C.; Virmani, S.S. and Li, Z.K. (2003).
Molecular diversity and multilocus organization of the parental lines used in
the International Rice Molecular Breeding Program. Theoretical and Applied
Genetics, 108, 1: 131-140.

Claleal) aladinly il oY) g Ad gaaal) cilbaal) (s Jas jal) 1) ol £ o)
& paal) Y dilial any 8 du )

U5 BN 38 g 5 LAY PR 3 a (B el s ¢S Cuatall () ey
A1 30 Gigadl 38 sa — Alial) Juualaal) Gigay dgaa - 3 B qu il g Gisad) 3 4

ol Bl plail peme by palaall Cpund 8 LS Dpaal g3 SISl gl ey
A5 A8 A0 @ Glla de el Gl G ) <l dise et 5OV Ay i B e gl Y
Sl g sl A yaa Gl o g Al Ay i mal e dlie) L) Aalall el il ddle
& 5l ey e apil Aud ol o3 Cujal dladl 5LV Gilial (8 48 s ) a sl Ciluad
Wgeandl claall Gl e jeae 8 5 k0l YL 55 Gilial any o dlall 5 sl
S abe VY alaind 5 A el cilabeadl alaainly 531 i 3 Al il a1 Qe 5 gl
o8l eyl Adasd gy Lealii) o5 5 e Basaa WMy (5 man ol e YY I )5l g sl gl
23 (8 andivadll i alee VY )l ) Ye) e s s )AVe e sl o e 5LV Cisad
(RM388) & I (RM282) ¥ Lo i alae JU OV aae Can gl 5 Sl VY A jall
I Adle cilS (PIC) duedaal) JSEY) 23a3 55 Claslaall (5 sine pf CuilS 5 T oA 0,38 Lau giag
T (RM249) +.¥ée ule syl i 2 0AA Lo dadieal A all Glaleadl
A, s Al A8 ddled) e adieddl UBGMA Jiai ekl il (RM488, RM144)
Lo Ssl g sl of e )l e 5 lle 4155 A 58 A j0 <l Ay paaall LY Caliual o daaiiondl)
& i) s 8 Allad 1) CulS A Sad) ilaleal) 48 o V) Liadiiie (S deadiusal) A1 50 aS) ) oy
e s Aeaiidl 4505l ) Al cp S0 g sl Galaasl e 4 i) Y1 Akl o5 aily 1))
el b Litss <J)3Y el Sakhal03 5 Sakhal02, Gizal77 <l < ell a0 dea
L0l e A gl gy 1 el 5y 8 Allad B0 (S5 Ly 5 (gal e e sl

5 gmaiall daala — A3 A4S @38 Al 2o s ] 4]
43 &gl 38 e BIBTRAPL WA R Y

126



