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Abstract

Seven rice genotypes were used in this study. They were
characterized by a reasonably wide range of variation according to
their salt tolerance. They were exposed to saline and normal
conditions. The biochemical markers analyses were also screened
to detect the polymorphism through the saline tolerant and
sensitive rice genotypes and to detect the quantitative traits for
characterization and identify useful genes under saline conditions.
SDS-PAGE showed that common protein bands of 66 KDa, 38 KDa
and 20 KDa can be considered as markers associated with salt
tolerance. Esterase isozyme analysis showed very weak and
intermediate bands (No.2 and 4), respectively that can be
considered as markers associated with salt tolerance. Peroxidase
isozyme analysis showed two intermediate bands (No.4) and
(No.10), which can be considered as markers associated with salt
tolerance. Eight positive ISSR bands and five negative ISSR bands
were recorded and can be considered as markers associated with
salt tolerance. ’
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INTRODUCTION

Rice (Oryza sativa L.) is one of the agronomically and nutritionally most
important cereal crops. It is a major source of food for more than 2.7 billion pecple
and is planted on about one-tenth of the earth’s arable land. It is the staple food and
the largest source of energy for more than half of the world’s population, most of
them are in the developing countries. Besides its economic significance, rice is rich in
genetic diversity in the form of thousands of land races and related wild species
(Naghia et. &/, 2002).

Most of commonly cultivated rice genotypes at seedling and reproductive
growth stages are particularly sensitive to root-zone salinity. More importantly though,
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the yield components related to final grain yield are severely affected by salinity. For
example, panicle length, spikelets per panicle and grain yield are significantly reduced
by salt treatments (Khatun et. a/, 1995).

Using different molecular markers as a tool for genetic fingerprinting facilitate
the identification and characterization differences in germplasm or identifying useful
genes within the collected genetic resources or in segregant populations. In this
regard, protein, isozyme and DNA analysis constitute important tools for genetic
studies revealing the genetic diversity and relatedness among species, population and
individuals. 7

Since each marker system has specific advantages and disadvantages, the
choice of the marker system to be used is the most important decision. To compare
the effectiveness, several comparisons among the different dasses of PCR-based
markers were carried out. For instance, Palombi and Damiano (2002) compared RAPD
and SSR-markers to detect genetic variability in kiwifruits. Similarly, Corazza-Munes
et. al, (2002) and Archak et. al, (2003) either compared the efficiency of RAPD, SSR
and AFLP or used the different classes of markers for genotype identification.
Recently, the efficacies of different classes of PCR based markers were also used to
characterize barley and rice cultivars (Saker et al., 2005 and Virk et. al, 2000).

Since salt tolerance has low heritability, phenotypic selection is difficult and
progress through conventional breeding, although noticeable, has been slow.
Conventional breedir‘lg will be enhanced greatly by biotechnological tools, allowing
breeders to formulate more proficient breeding strategies (Collard and Mackill, 2007),
There'is still a gap between genomics and its application to breeding and although the
possibilities are indefinite, a long way still needed to be accomplished (Xu et al.,
2005). Recent advent of molecular markers, microsatellites or simple sequence
repeats (SSRs) increased the hope to find out salt tolerant rice genotypes (Bhowmik
et. al, 2009).

The present study was undertaken to achieve the following objectives: a)
Identification of one or more markers that could be linked to some important genes,
which are responsible for salinity tolerance, and b) using Protein, isozyme and ISSR
markers to identify the relationship between salinity tolerance traits and the molecular

and or biochemical markers.
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MATERIALS AND METHODS
Materials:

Seven rice cultivars were utiI.ized In this study namely, Agami, Giza 159, GZ1368-
S-5-4, Giza 178, Giza 177, Sakhal02 and IR 29. The first four cultivars are considered
to be salt tolerant and the last three ones are considered to be sensitive. The
genotypes used were characterized by a reasonably wide rang of variation in their
tolerance to salinity.

Methods:
Experimental field procedures:

Two experiments were conducted during 2010 growing season under two
different conditions: Normal condition at the experimental farm of Rice Research
&Training Center (Sakha, Kafr El-Sheikh, Egypt) and saline condition under Lysimeter
(artificial. salinization condition) to determine the varietal differences for salinity
tolerance.

Normal condition:

The above mentioned seven rice genotypes utilized in this study were grown
in the nursery during the third week. of May. Thirty days after sowing, seedlings of
each genotype was individually transplanted in the permanent field in a randomized
complete block design (RCBD), with three replications, each replicate consisted of five
rows for each genotype, five meters long and 20 cm apart between plants and rows.
Weeds were chemically controlled by applying two liters of Saturn/feddan four days
after transplanting. Nitrogen fertilizer was applied at 60 kg N/fed.

Lysimeter experiment:

This experiment was conducted in 2010 season to determine the varietal
differences in salt tolerance under Lysimeter condition. The Lysimeter is concrete beds
to 100 cm depth in three layers as follow: 60 cm clay at surface, 20 cm sand‘in the
middie and 20 cm gravel in the bottom. In 2010 season, all the seven rice genotypes
sown in the nursery during the third week of May were transplanted after 30 days to
Lysimeter,

Adapted of 15 x 15 cm inter and intra row-spacing was used. Three
replications were grown in a randomized comblete block design. The materials were
grown in Lysimeter under salinity level of 6000 ppm. Stock solutions of the essential
elements were prepared using Sodium Chloride (NaCl) and Calcium Chloride (CaCl2)
at the ratioc of 2:1 respectively. Salinization, irrigation and drainage cycle were
accurately controlled. The mean value of electricai conductivity {(EC) of the irrigation
water was 10.6 mm/cm at 25°C for the salinity level. The plots were salinized 15 days

after transplanting and salinization was fixed till harvesting. Plants were irrigated
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every day by out pumping the salt solution from the tank, drainage was practiced
every 48 hours through bottom cutlets and water electrical conductivity (EC) was
measured through the crop season.

Studied traits:

Data collected were: days to heading, plant height (¢cm), chlorophyli content
(mg/ds), panicle length (cm), number of panicles per plant, tillers/plant, total plant
weight {g), grain yield/plant {g}, 100-grain weight (@), grain number/plant, panicle
weight {g) and spikelet fertility (%).

SDS protein and Isozyme Electrophoresis:

Esterase (Est.) and peroxidase (Prox.) isozymes were studied by using
polyacrylamide gel electrophoresis according to the method of Davis (1964). Slabs of
6 and 7.5% acrylamide for separation gel and 2.5% acrylamide for stacking gel were
used. SDS — Polyacrylamide gel electrophoresis with sodium dodecyl sulfate (SDS-
PAGE) was performed on water soluble protein fractions according to the method of
Laemmli (1970) as modified by Studier (1973).

DNA extraction PCR and ISSR analysis:

DNA isolation and purification was carried out using CTAB (Cetyl-tetramethyl
ammenium bromide) method according to Murray and Thompson (1980). For ISSR
analysis, seven primers (844A, 17889A, UBC848, UBCB36, UBC842, HB1S and HB12)
presented in Table (1) were used. | '

PCR amplification conditions were as follow: each 25pl PCR reaction solution
contained 1.0 pl (50 ng template DNA), 1.0 ul dNTPs (10 mM), 2.5 ul Mg CI2 {25
mM), 2.0 p! 10X buffer {10 mM tris, pH 8.0, 50mM KCl and 50 mM ammonium
sulphate), 2.0 p! of each primer (0.5uM), 0.25 ul Taq polymerase (5u/ pl}. The volume
was brought up to 25 pl by nuclease-free water. The PCR-ISSR cycling condition
involved initial denaturation at 95°C for 2 min followed by 35 cycles of amplification
for 35 cycles, template denaturation at 95°C for 1 min (annealing at 48°C for 1 min) -
and primer extension at 72°C for 2 min, final extension at 72°C for 5 min was given,
followed by storage at 4°C. Agarose (1.5%) was used for resolving the PCR products
and 1 kb DNA marker as a standard DNA were used in the present study. The run was
performed for 1 hour at 50 volt in SDE-PLAS submarine (10cm x 10cm). Bands were
detected on UV- trans-illuminator, photographed by Gel documentation system and
according to analysis by Phoretix program 1D gel analysis software version 4.01.
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Table 1. ISSR primer sequences used in the present study.

No. . Sequence”
Primer — .
5 3
1 UBC 848 {CA) BR*G
2 HB12 (CAG) 3GC
3 844A - (CT) BAC
4 17889A (CAY6AC
5 UBC 836 (AG) gy A
6 UBC 842 {GABY*G
7 HB15 (GTG) 3GC

*Y: (C, T) nucleotide bases ang R (A, G) nucleotide bases.

RESULTS AND DISCUSSION

Mean performance of the rice genotypes under normal and saline
conditions for the studied traits:

The mean performance of the seven rice genotypes for all studied traits under
both conditions is shown in Table (2). The desirable highest mean values under the two
conditions were cbserved from Gizal77 and Sakha 102 for the heading date. For the
plant height, the highest mean values were obtained from the genotype IR29 under
normal condition and Sakhal02 under saline condition. Concerning chlorophyll content,
the highest mean values ohserved for Gizal59 under normal condition and Agami
under saline condition. For panicle length, the longest panicles were obtained from
Gizal159 under hoth conditions. For number of panicles /plant, Gizal78 produced the
highest number of panicles/plant under both conditions. Regarding to number of tillers
per plant, the highest number was obtained from Gizal78 under both conditions.
Regarding to plant weight, Agami was the highest under both conditions. The highest
grain yield per plant was obtained from Gizal78 under both conditions. For 100-grain
weight, Gizal77 gave the heaviest grains under normal condition. However, Gizal59
was superior in this respect under saline condition. For number of spikelets per panicle,
the highest mean values were obtained from Agami under normal condition and
Gizal78 under saline condition.

For panicle weight, the desirable mean for this trait was obtained from Giza178
under both conditions. For spikelet fertility percentage, Giza177 gave the highest mean
values for this trait under normal condition, while Gizal78 was the best under saline

congdition.



Table 2. The genotypes mean performance under normal and saline conditions for the studied traits.

Heading date Plant height Chiorophyll Panicle Number of Number of Plant weight Grain yield / 100 grain Number of Panide Spikelet
(days) (em) content length panicles per tillers per plant (@ plant (g) weight spikelet/ weight {0} fertility %
No — — — — — = — = — — — —

Geoope | B 2| B\ #| B\ gl B g| E| g\ E| g E| g| Ejog| E| | E|e&| E|c2lE|2
s| & 2| 3| 2| | s| ®| 2| &| 2| &| 2| &| 2| 8| 5| 3| 2| | 2| & 2| &
1 Giza 159 106 99 98.83 90.93 41.5¢ | 35.03 21.43 | 16.60 | 14.67 | 11.0 14.6 10.0 36.83 1434} 9.68 | 5.07 | 265 | 2.34 | 101.7 | 8533 ( 221 | 184 |91.23 |85.80
2 Agami 109 112 | 118.60 { 95.79 40.99 | 39.33 | 19.85 | 13.50 | 15.00 [ 10.0 15.6 9.00 43.72 3545 1648 | 222 | 235 | 231 |111.00] 8867 | 283 | 1.53 18753 (85,70
3 GZ1368 109 110 100.10] 79.37 | 39.62 { 31.50 | 19.90 | 15,40 | 18.67 | 13.0 19.6 12.0 26.95 10.89 p.38 7010 | 213 | 1.90 | 99.00| 733 | 21 1.34 }88.50 |80.83
4 Giza 178 105 111 87.20| 76.600 39.80 | 36.40 [ 19.37 | 15.85 [ 22.00 | 15.0 21.0 14.0 37.40 2230 1141 | 887 | 203 | 200 |109.00| 97.00 | 2.86 | 1.85 {91.03 |83.87
5 Giza 177 91 97 94,73 81.77] 32.67 | 30.98 | 19.40 | 15.25 | 15.00 | 8.00 14,6 8.00 27.13 1263} 10.71| 558 | 265 | 2.24 | 88.00 | 69.33 | 2.36 | 1.79 |92.33 |74.77
6 Sakha 102 91 93 99.20( 72.50 34.83 | 31.51 | 18,82 | 13.40{ 16.00 | 9.00 14.6 9.00 22.69 748 | 978 | 432 | 251 | 220 | 90.33 | 70.33 | 2.26 | 1.48 |78.23 |72.78
7 IR29 103 107 | 86.60 73.20 3483 (3237 [ 17.19 | 13.19 | 20.00 | 110 18.6 10.0 24.10 10,30 | 869 | 345 | 227 | 1.79 | 79.00 | 54.67 | 1.77 | 1.24 |86.97 |78.70

(1 YALLYS YZA¥O) 301 NI IONVEIIOL ALINIIVS HLIM Q3LYIDOSSY
SHINYYIW TWIIWIHOOTIE ANV ¥Y1NITI0W IWOS 40 NOLLYIISLINIAI

8t¢
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The previous results indicate that Giza 178 has the most desirable traits related
to salinity tolerance while IR 29 and Giza 177 have the worst traits related to salinity
tolerance. In fact this is quite logic if we consider Giza 178 is the most salt tolerant
genotype according to its genetic background (Indica type) and as known, the greatest
salt tolerance sources comes from the indica varieties. Cheng et. a4, (1996) reported
that saline treatment delayed heading MMV and gave the highest yields in both the
control and saline water treatments, 5.45 and 2.99 t/ha, respectively, compared with
5.21 and 2.68 t/ha for MLV, 4.63 and 2.75 t/ha for EMV. Aich and Karim (1997)
reported that the effect of saline irrigation water on the agronomic characters, such as,
plant height was increased with water salinity and increased days to flowering from 129
to 135 days. Zeng and Zeng {2000) studied the effect of salinity and sowing density on
panicle length of rice and the relationship of the panicle length at different sowing
densities under salinity. They found. that salinity effects were highly significant on
panicle length. Asch and Woperies (2001) studied salinity tolerance in both the hot dry
season and the wet season for surface water drainage at critical growth stages. The
results indicated that number of grains/panicle, 1000-grain weight and sterility% were
improved regardless season and development stage, but the strongest salinity effected
to vield, whereas plants recovered better from stress at seedling stage. Flood water
EC<2 ms/ cm-1 hardly affected rice yield.

Biochemical and Molecular Analysis
Total Soluble Protein Analysis:

Proteins banding patterns were detected using Coomassi Brilliant blue-R250
for the seven genotypes which have characterized with molecular weight (MW)
ranged from 212 — 6.0 KDa (Figures 1 and 2 and Tables 3 and 4). SDS-PAGE showed
that all genotypes were characterized by accumulation of a common protein bands of
66 KDa, 38 KDa and 20 KDa that found in salt tolerant genotypes and were absent in
the sensitive ones under saline condition.

Claes et. a/, (1990) found that stress induced damage to proteins is a likely
consequence of salinity and desiccation and provides an explanation for the induction
of this protein. Tabaeizada et a/, (1995) found that a 65-KDa protein was
accumulated gradually in tomato cv, Starifre leaves during water stress. He-Dy and Yu
{1995) found that new protein of Mw 21.8, 22.5, 40.7 and 53.3 KDa were present in
the callus and the 53.3 KDa protein was increased by salinity of rice callus under
salinity stress. El-Enany (1997} reported that SDS —PAGE analysis extracted proteins
revealed that in cultures growth 25 mM NaCl plus praline, extra polypeptides of MW
190, 58 and 26 KDa accumulated as NaCl concentration that was increased in the
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medium MW 67 KDa. Hassanein (1999) studied the SDS-PAGE analysis revealed that
tomato plants grown under NaCl showed induction 127 and 52 KDa or repression of
260 and 38 KDa in the synthesis of some polypeptides, Dooki et al., {2006) cbserved
that the expression pattern of 13 proteins significantly changed in all panicles in
response to stress. We agree with Samaj and Thelen (2007) that abiotic stress
included analyses of the effects of water deficit, salt excess, low and high
temperatures, high light, and presence of toxic chemicals such as herbicides or heavy
metals in the environment. In several instances, proteomics has allowed the
identification of novel genes and the characterization of their regulation and function.
In other instances, already known function of proteins found to be regulated by stress
has allowed the identification of cellular processes involved in the responsé. Linking
proteome variations to physiologicél and phenotypic changes will make it possible to
identify genes and alleles of interest for the selection of plants able to maintain crop

yield as high as possible in unfavorable environments.

2. .3 A LA al

12
15§
118
972
L E]

e L. SECREAN s Lo S it RN e,

554 ‘
427
kED Y

758

200

Figure 1. SDS-PAGE of protein banding patterns for seven rice genotypes under
normal condition, Lane 1: Gizal59, lane 2 : Agami, Lane 3 : GZ1368, Lane 4 :
“Gizal78, Lane 5 :Gizal77, Lane 6 ; Sakhal02 and Lane 7 . IR29,
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Table 3. Presence (1) versus absence (0) of SDS-PAGE protein bands of soluble

protein extracted from seven rice genotypes under normal condition.

No MW Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 lane 6 Lane 7
(KDa) Gizal59 Agami GZ1368 Gizal78 Gizal77 Sakhal02 IR29

1 212 0 0 0 0 0 0 0
2 158 1 1 1 1 1 1 1
3 116 0 0 0 0 0 0 0
4 97 0 0 0 0 0 0 0
5 66 1 1 1 1 1 1 i
6 56 1 1 0 0 0 0 1
7 53 1 1 1 1 1 1 1
8 43 1 1 1 1 1 1 1
9 39 1 1 1 1 1 1 1
10 37 1 1 1 1 1 1 1
11 35 1 0 1 0 0 0 1
12 32 0 1 0 1 1 1 1
13 27 1 1 1 1 1 1 0
14 25 1 0 0 0 1 0 0
15 23 1 1 1 1 1 1 1

16 21 0 0 0 -0 1 1 1
17 20 1 1 1 1 1 0 0
18 18 0 0 0 0 0 1 1
19 16 1 1 1 1 1 1 0
20 15 0 0 0 0 0 * 0 1
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Figure 2. SDS-PAGE of protein banding patterns for seven rice genotype under saline
condition. Lane 1. Gizal59, lane 2: Agami, Lane 3: GZ1368, Lane 4:
Gizal178, Lane 5:Gizal77, Lane 6: Sakhal(02 and Lane 7: IR29.
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Table 4. Presence (1) versus absence (0) of SDS-PAGE protein bands of soluble
protein extracted from seven rice genotypes under saline condition.

No MW | Lane 1 | Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7
| (KDa) | Giza159 Agami GZ1368 Gizal78 Gizal77 Sakhal02 IR29
1 212 0 0 0 0 , 0 0
| 2 158 0 0 0 0 0 0 0
3 116 1 1 1 1 1 1 1
4 97 1 0 0 0 0 0 0
5 91 1 1 0 1 1 0 . 1
6 66 1 1 1 1 1 0 0
7 64 1 1 1 1 1 1 0
8 56 1 1 1 1 1 1 1
9 47 0 0 1 1 1 1 1
10 43 1 1 1 1 1 1 1
11 38 1 1 1 1 g 0 0
12 36 1 1 1 0 1 1 1
13 35 1 1 1 1 1 1 1
14 32 0 0 0 1 1 1 1
15 29 1 1 0 0 1 1 1
16 27 1 1 1 1 0 0 1
17 24 U] 0 0 0 1 1 1
18 20 1 1 1 1 1 0 0
19 18 0 0 0 0 0 1 1
20 14 1 1 1 1 0 0 0
21 13 0 0 0 0 1 1 1
2| 9 0 0 0 0 0 0 1
23 8 1 1 1 1 0 0 0
24 5 0 0 0 0 1 1 1
25 1 1 0 1 1 0 0 1

Isozyme analysis:

As shown In the esterase zymogram, genotypes, which have salt tolerance
exhibited very faint and moderate bands (No.2 and 4) respectively that were
presented under saline condition while they were absent in the sensitive genotypes
(Figure 3a and b). For peroxidase isozyme, ten bands were exhibited in both
conditions for all seven rice genctypes. The results showed that the moderate band
(No.10), which was present in the four salt tolerant genotypes and was absent in the
sensitive ones. Also, the band (No.4) was present in genotypes Gizal59, Agami and
Giza 178 (tolerant genotypes) under saline condition on the other hand, band (No.4)
was absent in the sensitive genotypes under saline condition {Figure 4a and b).
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Figure (3a). Isozyme zymogram (A) and diagram (B) of esterase for the seven
genotypes under normal condition.
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Figure (3b). Isozyme zymogram (A) and diagram (B) of esterase for the seven rice

genotypes under saline condition.
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Figure (4a). Isozyme zymogram (A) and diagram (B) of peroxidase for seven rice

genotypes under normal soil.
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Figure (4b): [sozyme zymogram ( A ) and diagram ( B ) of peroxidase for seven rice

genotypes under saline soil.

DNA markers analysis:

A high level of DNA polymorphism was detected using ISSR technique

through the seven genotypes. Primer 1 (UBC 848) showed 13 fragments ranging from
845 to 217 bp. The total number of scorable band was 49 bands. The bands with Mw
400 and 290 bp that were found in the salt tolerant genotypes and were absent in
sensitive ones may be considered as markers associated with salt tolerance (Fig.5 and
Table 5).
Primer 2 (HB12) showed seven bands ranging from 925 to 350 bp, only one band of
them with Mw 925 bp may be considered as positive marker associated with salinity
tolerance, and five bands, which have 820, 505,435,390 and 350 respectively, may be
considered as negative markers associated with salt tolerance (Fig.6 and Table 6 ).
Primer 3 showed 10 bands ranging from 740 to 230 bp. The bands with Mw 420, 310,
250 and 230 were common bands. No band can be considered as marker associated
with salt tolerance (Fig.7 and Table 7).
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Regarding to primer 4, five bands were presented ranging from 650 to 270
bp. The bands with Mw 565, 420 and 345 bp were common bands. The band with Mw
650 bp was found in Giza 159 and Giza 178 and was absent in the remaining
genones, may be considered as a marker associated with salt tolerance since those.
two rice genotypes are the most tolerant ones and may be due to those two
genotypes have the same mechanisms of salinity tolerance (Fig. 8 and Table 8).
Regarding to primer S showed five bands ranging from 600 to 380 bp. The band with
Mw 600 was present in all tolerant genotypes and was absent in all sensitive ones,
this band may be considered as a positive marker associated with salinity tolerance
(Fig. 9 and Table 9). Primer 6 showed seQen bands ranging from 700 to 120 bp. The
bands with Mw 700 and 120 bp were found In all tolerant genotypes while were
absent in all sensitive ones. These bands may be considered as positive markers
associated with salinity tolerance (Fig. 10 and Table 10). Primer 7 showed nine bands
ranging from 600 to 198 bp. The bands with Mw 490 and 430 were present in all
tolerant genotypes while were absent in all sensitive ones these bands may be
considered as positive markers associated with salinity tolerance (Fig. 11 and Table
11).

Ishii et al., 1996, Doi et al.,, 2000, Lu ef. a/ (2002), reported that molecular
fingerprinting techniques, such as RAPD, was applied to facilitate the assessment.
RAPD markers can also provide an efficient assay for polymorphisms, which should
allow rapid identification and isolation of chromosome-specific DNA fragments. Wang
et. al. (1995) analyzed four hundred RAPD primers for screening polymorphism
between the genotypes and between two bulks represehting fertile and sterile plants,
four primers out of them produced polymorphic products. Most of the polymorphic
fragments contained repetitive sequences. Using a RAPD analysis, Martin et af
(1997) reported that 16 out of the 93AA genome accessions analyzed had an identity
that appeared to be different from that provided by the gene bank. Zhang et af
(1997) identified six RAPD markers as being associated with RA3. Three of them,
OPK05-800, OPU10-1100 and OPWU(1-350 were mapped on chromosome 1. There
have been a number of studies that reported the assessment of genetic or
phylogenetic relationships of Oryza species, either including all members in the genus
{Aggarwal et. a/ 1999, Joshi et. &/ 2000) or only including taxa with the AA-genome.
Jingxian ef. al {1999) when bulked analysis with RAPDs was conducted, the primer
OB19 generated a 1.94 kb RAPD band which differentiated T- and T+ individuals.
Wang ef. al (1999) studied 16 random amplified polymorphic DNA (RAPD)} markers,
which were fixed in the F, generation of hybrids of Zhongxin 1. These 16 markers
were tested using the doubled haploid mapping population of the cross IR 64 x
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Azucena, only eight of them were polymorphic for the two genotypes. These eight
RAPD markers were located on the IR 64 x Azucena map:

Bair et al., (1999) reported that ISSR fingerprint could be used to differentiate
the genotypes belonging to either Japonica or Indica sub-species of cultivated rice and
to dissect finer levels of diversity within each subspecies. A higher percentage of
polymorphic bands were produced with the ISSR technigue than the AFLP method,
based on a similar PCR. reaction. Therefore, ISSR amplification proved to be a valuable
method for determining genetic variability among rice varieties and for rapidly
identifying cultivars. This efficient genetic fingerprinting technique would be useful for
characterizing the large numbers of rice accessions held in national and international
germplasm centers. Davierwala ef. a/l (2000) used three different marker systems to
estimate the genetic diversity of 42 Indian elite rice varieties, and found that RAPD,
ISSR and sequence- tagged SSR resulted in mean heterozygosity values of 0.429,
0.675 and 0.882, respectively. Li ef &/ (2001) reported that the random amplified
polymorphic DNA (RAPD) markers OPE 15750 and OPE 15300 were affected by the
loss of heterozygosity in rice hybrids AMR x M202 and AMR x L202. Wang ef. a/
(2001) followed random amplified polymorphic DNA (RAPD) markers for the
genotypes through the F; generation. RAPD markers were uniformly present or absent
in all plants within some or all F; panicle rows derived from F, hybrids involving
selected plant (named AMR). In contrast, RAPD markers segregated in the Mendelian
manner for dominant markers in panicle rows were derived from control hybrids.

ISSR 1

1 2 3 4 5 6 7
G.159 Agami GZ1368 G.178 G.177 Ski02 IR29

Fig. 5. Genomic amplification using ISSR 1.
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Table 5. Presence (1) versus absence (0) of 1SSR 1 primer bands presented in the

seven rice genotypes.
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ISSR 2

1 2 3 4 5 6 7
G.159 Agami GZ1368 G.178 G.177 Sk102 IR29

Fig. 6. Genomic amplification using ISSR 2.
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Table 6. Presence (1) versus absence (0) of ISSR 2 primer bands presented in the

seven rice genotypes.

M lr" Tolerant varieties I' Sensitive varieties
RN AN 2 3 4 5 U, 7
925 1 1 1 1 o 0
B g 0 0 0 1 1 1
590 1 0 0 1 1 1 1
|__s05 g i 0 0 1 1 1
| 435 - 0 0 1 1 1
| 390 8:—-—n 0 0 1 2 B Y
| 350 0 0 0 0 1 b}t 3
ISSR 3
1 2 3 4 5 6 7
G.159 Agami GZ1368 G.178 G.177 Sk102 IR29

Fig. 7. Genomic amplification using ISSR 3.

Table 7. Presence (1) versus absence (0) of ISSR 3 primer bands presented in the

seven rice genotypes.
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Table B. Presence (1) versus absence (0) of ISSR 4 primer bands presented in the

1

2
Agami

EL-REFAEE Y. Z. &f. af

3
GZ1368

ISSR 4

4
G.178

5

G.177

6 7
5k102

Fig. 8. Genomic amplification using ISSR 4.

seven rice genotypes.

IR29

261

Fig. (9): Genomic amplification using ISSR 5.

" 1 Tolerant varieties Sensitive varieties i

1 2 . 5 7

650 0 1 1 1] 0

| 565 1 1 1 1 1 1 1

420 1 1 1 1 1 1 1
345 1 1 Bin il gl 1 1

270 0 1 0 1 0 1 1

ISSR5
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Table 9. Presence (1) versus absence (0) of ISSR 5 primer bands presented in the

seven rice genotypes.

! " Tolerant varieties Sensitive varieties
| 1 2 3 4 5 6 7
! 600 1 1 1 1 0 0 0

500 1 1 1 1 - 1 1
| 450 1 3= ly_3 1 1 1 1
| 400 1 1 1 1 0 1 1
| 380 1 0 0 0 0 0 0

ISSR 6
1 2 3 4 5 6 7

G.159 Agami GZ1368 G.178 G.177 5ki02 IR29

Table 10. Presence (1) versus absence (0) of ISSR 6 primer bands presented in the

seven rice genotypes.

______Tolerant varieties Sensitive varieties
| o8 1 2 3 4 5 6 7
! 700 1 1 1 0 0 0
| s70 1 1 0 1 0 1 1
| 500 0 1 1 1 0 0 0
460 1 1 1 1 1 1 1
300 1 1 1 1 1 1 1
| 250 1 1 1 1 1 1 1
| 120 1 1 1 1 0 0 0




2
G.159 Agami

3
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4

ISSR 7
5

7

GZ1368 G.178 G.177 Skio2z IR29
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Table 11. Presence (1) versus absence (0) of ISSR 7 primer bands presented in the

seven rice genotypes.

___ Tolerant varieties ; Sensitive varieties
" .
1 2 3 : e b W s s B NS0
600 1 o R RSy 0 0
| 490 1 1 1 1 0 0
430 1 1 1 1 0 0
350 0 0 e 1 0 0
| 330 1 1 : e il SRR, | S SN PRy | T R |
| 250 1 1 | 1 0 0 0
230 3 1 1 1 1 i}
200 0 0 0 1 L0 0
| 198 1 1 1 0 0 0
188 0 0 0 0 1 0

Clustering of the genotypes based on ISSR primers variations:

A dendrogram was constructed based on Numerical Taxonomy System of

Multivariate Programs (NTSYS) similarity coefficients, in which the seven rice

genotypes were grouped into two major clusters (Fig. 12). Cluster I consisted of the

four salinity tolerance rice varieties (Agami, Gizal59, Gizal78 and GZ1368). Cluster II
consisted of the three salt sensitive ones (Gizal77, Sakhal02 and IR29). Varieties
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Agami and GZ1368 were alone in a separate sub cluster as the most salt tolerance
genotypes. Gizal7?7 was alone in a separate group as the most salt sensitive
genotype. These results clearly indicated that the existence of significant amount of
molecular polymorphism in the salt tolerance varieties and hence the possibility of salt
tolerant varietal development using such genetic pool under Egyptian’conditions. It
also emphasizes thé importance of molecular markers in germplasm diversity
assessment and the strong correspondence between the molecular fingetprints and
the genetic behavior of the salt tolerance varieties and their performance. The lack of
common band(s) distinguishing salt tolerant varieties from the sensitive ones is
basically because of the complexity of the trait and the different mechanisms
operating in each variety. This emphasizes the urgent need of molecular mapping for
salinity tolerance to detect linked DNA marker(s); Doing so will greatly heip in
improving selection efficiency for salt tolerance.

Agami

Qeul59

Genl78

GZI368

Gral 77

Sakha 12
[R29

— T T T T T T T T 1 T T T T T T T T T 1
as3 062 071 L{L 1} HEY
Coefficient

Fig. 12. Dendrogram of the seven rice genotypes based on NTSYS of the seven ISSR

primers.
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