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SUMMARY 
This study was carried out in the Laboratory of the Molecular Biology 

Department at Genetic Engineering and Biotechnology Research Institute, 

Minufiya University, Sadat city, Egypt and the experimental farm, green house 

and Lysimeter of the Rice Research and Training center (RRTC), Sakha, Kafr 

El- Sheikh, Egypt during the period from 2007-2011.  

The present study included two aspects. The first one concerned with the 

screening of the nine genotypes by different molecular markers in order to detect 

the diversity among the selected rice genotypes that differing in salt tolerance.  

 Different techniques of plant genotyping such as, protein, isozyme and 

SSR markers were used to identify the relationship between salinity tolerant and 

distinguishing rice subspecies. The second aspect was conducted to Phenotype 

the F2 mapping population. The phenotyping parameters were mainly focusing 

on the physiological traits determining salt tolerance that detected QTL for the 

different measured parameters of salt tolerance. Genotyping of the individual F2 

plants and parental lines was made by using SSR markers system and Co-

segregation analysis and identification of QTLs for salinity tolerance.  

A total of nine rice accessions were selected with high, medium and low 

degree of salinity, including three Egyptian and six introduced ones. Three of 

them were temperate japonica (Gaori, Sakha 104 and Sakha 102), three were 

indica (TCCP266-2-49- B-B-3, GZ1368 and IR 29), and three were tropical 

japonica (IR 65598-112-1-2, IR65600-7-2-5-2 and IR 66160-5-2-3-2). To select 

the wide genetic base parents and to access molecular diversity of all lines were 

characterized by Biochemical and Molecular markers. 

Biochemical analysis:  

For, SDS-PAGE of protein banding patterns under normal and saline soil, 

the band has 80 KDa, this band can be considered as a negative marker with 

salinity tolerant. The bands of 127 and 17 KDa were found in each of Gaori, 
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TCCP 266-1-2 and IR 65598-112-1-2; these bands can be considered as a 

marker for the identification high salt tolerance genotypes. 

In the esterase zymogram, results for genotypes exhibited that, all rice 

genotypes which had salt tolerance possessed a very week and intermediate 

band No.6 this band could be considered as a biochemical marker for the 

identification high salt tolerance genotypes. For peroxidase isozyme, band No3 

could be considered as a biochemical marker for the identification high salt 

tolerance genotypes. In another hand band No12 could be considered as a 

biochemical marker for the identification high salt sensetivity genotypes. 

Molecular analysis  

275 SSR markers were used. 645 amplicons were generated at 259 SSR 

loci in all lines (nine lines). 219 SSR loci were polymorphic and produced 605 

alleles. Maximum number of alleles per locus was five, found in nine loci, 

RM260, RM218, RM310, RM160, RM206, RM259, RM570, RM276 and 

RM21. Four alleles per locus were found in 27 loci, three in 86 loci and two in 

97 loci. 

Within temperate japonica accessions, maximum number of alleles per 

locus was 3, showed in RM335, RM159, RM276, RM162, and RM160, whereas 

within indica accessions, maximum number was 3, found in 21 loci and tropical 

japonica accessions, maximum number was 3, found in RM70, RM259, RM454, 

RM206, RM578, RM224, and RM254. 12 SSR markers discriminated among 

the temperate japonica, indica, and tropical japonica rice accessions under the 

study. This information will be useful for distinguishing rice subspecies in 

further studies; they should be tested for construction of a Bar Code 

distinguishing subspecies. 

A total of 105, 266, 129 alleles were detected at 50, 122, 61 polymorphic 

loci within temperate japonica, within indica, and within tropical japonica 

accessions, respectively. These results clearly indicated that indica rice had a 

higher level of genetic variation than japonica. 
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Genetic similarity matrix was calculated by 605 alleles at 219 SSR loci in 

nine accessions. Indica accessions expressed less similarity to japonica 

accessions. Temperate japonica and tropical japonica accessions showed high 

similarity each other. The dendrogram showed two major clusters. Cluster I 

consisted of temperate and tropical japonica accessions were clustered together 

in two groups Ia and Ib. Each group was composed by tolerant, intermediate, 

and sensitive to salinity accessions. Cluster II comprised indica accessions. After 

cluster analysis, Sakha 102 (temperate japonica, sensitive to salinity) and TCCP 

266-2-49-B-B-3 (indica, tolerant to salinity) were selected as parental lines 

based on their wide genetic base due to their pedigree background.  

Physiological parameters measurement: 

The traits are polygenic in nature and quantitatively inherited. 

Transgressive segregation is a very clear case here, towards both the extremes of 

tolerance.  

Mapping construction and QTL identification: 

Single plant analysis of each of the polymorphic marker was carried out 

using randomly selected 288 F2 individuals. 68 primers selected from 187 

primers were showing polymorphism between the parental lines Sakha 102 and 

TCCP266, which located in Chr. 1, 3, 4 and 9. Some of these markers were 

clustered at the same position, limiting their usefulness in the mapping process, 

since one of the points in our target is to focus less than 10 cM on each 

chromosome, so 11 SSR markers have been eliminated from the 68 polymorphic 

ones to be in the final 57 polymorphic mapped ones. 

Out of 57 markers analyzed, 7 SSR markers were behaving abnormally 

showing high level of distorted segregation using various MAPMAKER 

commands. It proved difficult to place them in the expected map positions, 

giving up-normal recombination values, and furthermore, they didn’t fit in with 

the expected Mendelian ratio (1:2:1) as revealed from the primary data analysis 

using the Carthagene1. Those markers have been eliminated from the genetic 
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map constructed for the present mapping population. The remaining 50 

polymorphic markers covered the four chromosomes of rice. 

A total of 24 QTL were detected (LOD score > 2.0), which were 

distributed on four chromosomes. The number of QTL was detected in non-

saline (14) and saline soil (10).  

Seven QTL for Na+ concentration were detected in leaves at vegetative 

stage and stem at reproductive stage, while no QTL were detected in stem at 

vegetative stage as well as leaves at reproductive stage with LOD score >2.0. 

These 7 QTL are localized on chromosomes 1, 3 and 4. Two QTL on 

chromosome 1, two on chromosome 4 and three in chromosome 3. 

A total of 13 QTL were detected (LOD score > 2.0) for K+ concentration 

on chromosomes 1, 3, 4 and 9. LOD score ranged from 2.09 to 4.54 and the 

phenotypic variance explained by a single QTL (R2) ranged between 5.3% and 

12.7%. 

Four detected QTL controlling Na+/K+ ratio were distributed on two 

chromosomes 4 and 9 with LOD score range between 2.55 to 3.95 and a range 

of phenotypic variance explained between 7.4% up to 11.2%. 

In conclusion: Specified six biochemical markers (total soluble protein 

and isozymes) can be used to identify the tolerance for salt stress. 12 SSR 

markers were discriminated among the temperate japonica, indica, and tropical 

japonica rice accessions under this study. This information will be useful for 

distinguishing rice subspecies in further studies; they should be tested for 

construction of a Bar Code distinguishing subspecies. A total of 24 QTLs were 

detected, which were distributed on the four chromosomes helping to increase 

the selection efficiency in the breeding programs.  It can be concluded that those 

major QTLs which were constant under different environmental conditions, are 

promising candidates for Marker-assisted selection (MAS). Compared with 

conventional methods, QTL and molecular markers provide breeders new 

alternatives for selection. 


