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SUMMARY 

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

at the Genetic Engineering and Biotechnology Research Institute, Minufiya University, 

Sadat city, Egypt and in the experimental farm, green house and Lysimeter of the Rice 

Research and Training Center (RRTC), Sakha, Kafr El- Sheikh, Egypt. During the 

seasons from 2002-2005.  

          Seven rice varieties were used in this study namely, Agami, Giza 159, GZ1368, Giza 

178, Giza 177, Sakha 102 and IR 29.  The used parents were characterized by a reasonably 

wide rang of variation in their tolerance to salinity. The seven parents were diallel crossed, 

without reciprocals.  

         The observations were recorded on, heading date (days), plant height (cm), 

chlorophyll content (mg/ds), panicle length (cm), number of panicles per plant, tillers/plant, 

total plant weight (g), grain yield /plant (g), 100-grain weight (g),yield /plant (g), grain 

number/ plant, panicle weight (g) and spikelet fertility% and statistically analysed to 

calculate estimates of different types of heterosis and combining ability. 

   Biochemical and molecular analysis was also achived to study protein and 

peroxidase and esterase isozymes banding patterns under saline and normal conditions. In 

addition, genomic DNA was used as a template to be amplified randomly using decameric 

primer to find molecular maekers associated to salinity tolerant in rice. 

The obtained results can be summarized as follows: 

1. The desirable highest mean values under saline soil conditions were observed for   

the parent Giza178 for plant height, number of panicle, number of tiller, grain 

number/panicle, panicle weight , grain yield/plant and yield /plant. The parent Giza159 

showed the highest mean values for heading date, panicle length and 100 grain weight. 

The parent Agami showed the highest values for the chlorophyll content and plant 

weight. Meanwhile, the parent Giza177 for fertility.  

2. The desirable highest mean values under saline soil conditions were observed for the 

cross Giza177 x Sakha102 for heading date, the cross Gz1368 x Giza178 for plant 

height, the cross Agami x Giza178 for chlorophyll content, the Giza159 x Agami for 

panicle length, fertility, panicle weight and 100 grain weight, and for the cross Giza159 

x Giza178 for number of panicle, number of tiller, grain number /panicle and plant 
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weight. In addition, the cross Agami x Sakha102 had the highest value for grain 

yield/plant and yield/plant. 

3. Under saline soil the pronounced useful heterotic effects relative to the standard 

heterosis, were detected in crosses Giza177 x Sakha102 for heading date, in the cross 

Agami x Giza178 for chlorophyll content, the cross Giza159 x Agami for panicle length, 

panicle weight, 100 grain weight and fertility and The cross Giza159 x Giza178 for 

number of panicle, grain number, plant weight and number of tiller. The cross Agami x 

Sakha102 for grain yield/plant and yield/plant. 

4. The highest desirable G.C.A effects under saline soil were detected from parents; 

Giza177 for heading date, Gz1368 for plant height, Agami for chlorophyll content, plant 

weight, grain yield /plant, panicle weight, yield per plant and spikelet fertility, also the 

parent Giza159 for panicle length, 100 grain weight and grain number per plant and 

IR29 for number of panicles / plant and number of tillers /plant. 

5. The highest desirable S.C.A effects under saline soil were detected from crosses; 

Giza178 x IR29 for heading date, Gz1368 x Giza178 for plant height, Giza159 x IR29 

for chlorophyll content, Giza159 x Agami for panicle length, Giza159 x Giza178 for 

number of panicle per plant, number of tiller and grain number per panicle, also Giza159 

x Giza177 for plant weight and panicle weight, Agami x Sakha102 for grain yield per 

plant and yield, Sakha102 x IR29 for 100 grain weight and Agami x Gz1368 for spikelet 

fertility. 

6. The presence of the three protein bands of 66, 38 and 20 KDa in all SDS-PAGE 

banding patterns of tolerant parents and their absence from the sensitive ones clearly 

suggests that these three protein bands might represent an important enzyme and or 

structural protein that could be involved either directly or indirectly in the process of 

salinity to tolerance of rice plants. 

7. For fertility character,  the band with a MW 38 KDa was found in tolerant parents 

and tolerant individual plants obtained from the crosses Giza159 x IR29 and Agami x 

IR29, meanwhile, it  was absent from sensitive parents and sensitive individual plants. 

For the cross Gz1368 x IR29, the bands with MW 51 KDa and 25 KDa were found in 

tolerant individual plants and were absent from sensitive individual plants. 
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8. For heading date character the band with MW 38 KDa was found in tolerant parent 

and tolerant individual plants obtained from the cross Giza159 x IR29 and was absent 

from sensitive parent and sensitive individual plants. For the cross Agami x Giza177 the 

bands with MW 97 KDa and 31 KDa were found in tolerant individual plants and were 

absent in sensitive parent and sensitive individual plants. For the cross Gz1368 x IR29 

the bands with MW 24 KDa and 47 KDa appeared in sensitive parent and sensitive 

individual plants and were absent in tolerant parent and tolerant individual plants. This 

protein band could be considered as a potential marker associated with salinity 

sensitivity. 

9. For plant height character, the band with MW 66 KDa was found in tolerant parent 

and tolerant individual plants obtained from the cross Giza159 x IR29 and was absent 

from sensitive parent and sensitive individual plants. For the cross Agami x IR29 the 

band of MW 13 KDa was only present in sensitive parent and the sensitive individual 

plants. 

10. For yield per plant character, the band with MW 20 KDa was found in tolerant 

parent and tolerant individual plants obtained from cross Giza159 x IR29 and was absent 

from both sensitive parent and sensitive individual plants. For the cross Gz1368 x IR29 

the band with MW 24 KDa was present in sensitive parent and sensitive individual 

plants. This band was not found in either the tolerant parent or the tolerant individual 

plants. 

11. In the esterase zymogram, all the four salt tolerant rice parents showed a very week 

and intermediate bands No.2 and 4, respectively and were absent in all the sensitive 

parents. 

12. The esterase zymogram in relation to days to heading exhibited, for bulked 

segregants in all crosses the band No.2 was present in the tolerant parent and the tolerant 

(low of days to heading) F2  bulk segregants. This band was not observed in either the 

sensitive parent or in the sensitive F2   bulk segregants. 

13. The esterase zymogram in relation to fertility, for bulked segregants in the 

crosses Giza159 x IR29 and Agami x Giza177, a band No.2 was present in the 

tolerant parent and the tolerant (high fertility percentage)  F2  bulk segregants. This 

band was not observed in either the sensitive parent or in the sensetive F2  bulk 
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segregants. And for the cross Agami x IR29 the band No.4 was present in the tolerant 

parent and the tolerant (high fertility percentage)   F2   bulk segregants. This band was 

absent in both the sensetive parent and sensetive F2   bulk segregants. 

14. Concerning to esterase zymogram in relation to yield per plant the cross Agami x 

Giza177 showed variation of the band number, the band No.2 was present in the 

tolerant parent and the tolerant (high yield value) F2  bulk segregant. This band was 

absent in both the sensetive parent and sensetive F2   bulk segregants. As well as one 

band No.4 was present in the tolerant parent and the tolerant high yield value F2  bulk 

segregants. This band was absent in both the sensitive parent and sensitive F2  bulk 

segregants for the cross Gz1368 x IR29. 

15.  A total of ten peroxidase isozyme bands were exhibited in parents under both 

normal and saline soil conditions. The intermediate band (No.10) which is present in 

the four original salt tolerance parents and was absent in the sensitive ones.  

16. For peroxidase isozyme in relation to days to heading, the cross Giza159 x IR29 

showed that the two bands No.4 and 10 were present in the tolerant parent and the 

tolerant (low value of days to heading) F2   bulk segregants. These bands were absent 

in both the sensitive parent and sensitive F2   bulk segregants. For the cross Agami x 

IR29 , the band No.4 was present in the tolerant parent and the tolerant (low value of 

days to heading)  F2  bulk segregant. This band was absent in both the sensitive parent 

and sensitive (high value of days to heading) F2   bulk segregants. As well as the cross 

Gz1368 x IR29, showed that the band No 10 was present in the tolerant parent and 

the tolerant F2   bulk segregants. While it was absent from both the sensitive parent 

and F2   bulk segregants.  

17. In respect of the peroxidase isozyme in the relation to fertility character, that in 

both the crosses Giza159 x IR29 and Agami x Giza177, bands  No. 4 and 10  were 

present in the tolerant parents and the tolerant (high fertility percentage) F2  bulk 

segregants. These bands were absent from both the sensitive parents and F2   bulk 

segregants of both crosses. For the cross Gz1368 x IR29, the band   No.4 was only 

present in the   tolerant parent and the tolerant (high fertility) F2   bulk segregants and 

it was absent from both the sensitive parent and F2   bulk segregants. 
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18. In the peroxidase zymogram in relation to yield per plant, the cross Agami x 

Giza177 showed the band  No.4 was only found in the tolerant parent and the tolerant 

(high yield/plant) F2  bulk segregants.  

19. Regarding the peroxidase zymogram in relation to plant height, the cross Giza159 

x IR29 showed that the band No.10 was only found in the tolerant parent and the 

tolerant (low value of plant height) F2 bulk segregants. For the cross Agami x 

Giza177, the two bands No. 4 and 10 were only appeared in the tolerant parent and 

the tolerant (low value of plant height) F2 bulk segregants. These bands were absent 

in both the sensitive parent and sensitive (high value of plant height) F2 bulk 

segregants. Also in the crosses Agami x IR29 and Gz1368 x IR29 the band No.10 

was found in the tolerant parent and the tolerant F2   bulk segregants. This band was 

absent in both the sensitive parent and sensitive F2   bulk segregants.  

20. A high level of DNA polymorphism was detected by RAPD technique. For the 

seven parents and their respective  four F2  bulk segregants in relation to fertility 

character, RAPD markers amplified using primer 2 (CAGGCCCTTC) the band with 

700 bp was found in parents Agami , Giza177 , IR29 and in both  tolerant (high 

fertility) and sensitive (low fertility) bulk for the crosses Giza159 x IR29 and Agami 

x Giza177 . On the other hand, it was found in tolerant parent and tolerant bulk for 

the cross Agami x IR29. This band was absent in sensitive parent and sensitive bulk 

for this cross. It can be considered as a potential marker associated with salt 

tolerance. 

21.  Concerning for DNA polymorphism in the relation to heading date character 

RAPD marker using primer 1 (AGGGGTCTTG), showed that the band with 700 bp 

was found in the tolerant parent (low days to heading) and was absent in the sensitive 

parent. Also it was found in tolerant bulks for the crosses Giza159 x IR29, Agami x 

Giza177 and Gz1368 x IR29. And it was not observed in either the sensitive parent or 

the sensitive bulk. Therefore, it can also be considered as a potential marker 

associated with salt tolerant.  

22. For the DNA polymorphism in relation to heading date RAPD marker using 

primer 2 (CAGGCCCTTC), showed that the band with MW 800 bp was observed in 
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tolerant (low value of days to heading) bulk for the crosses Giza159 x IR29 and 

Agami x IR29, also it was not observed in either the sensitive parent or the sensitive 

bulk. This band can also be considered as a potential marker associated with salt 

tolerance. For the band with Mw 360 bp, it was found in all tolerant parents and was 

absent in all sensitive parents, this band was present in the tolerant bulk for the 

crosses Agami x Giza177 and Gz1368 x IR29. Also it was absent in all sensitive 

parents and sensitive bulks. It can be considered as a potential marker associated with 

salt tolerant. 

23. In relation to yield / plant character RAPD amplifications using primer1 

(AGGGGTCTTG), showed that the band with MW 1676 bp, was present in tolerant 

(high yield/plant) bulk for Agami x Giza177 and Agami x IR29. This band was 

present in tolerant parent and absent in both sensitive parent and sensitive bulk. It can 

be considered as a potential marker associated with salt tolerance. For the band has 

MW 800 bp in sensitive bulk for Agami x Giza177. This band was absent in both 

tolerant parent and tolerant bulk for this cross. This band can be considered as a 

potential marker associated with salt sensitivity. 

24. For the DNA polymorphism in relation to  yield per plant character by RAPD 

amplified using primer 2 (CAGGCCCTTC)  revealed that the band with MW 1090 

bp was found in parents Giza178, Sakha102 and IR29  this band was also found in all 

tolerant (high values of yield/plant) and sensitive bulk. In both the crosses Giza159 x 

IR29 and Agami x giza177. This band was present in sensitive bulk for the cross 

Agami x IR29. This band was absent in the tolerant parent and tolerant bulks for 

these crosses. This band can be considered as a potential marker associated with salt 

sensitivity. For the band with MW 300 bp it was present in  tolerant parents Giza159, 

Agami and Gz1368. This band was also found in tolerant bulk for Agami x Giza177 

and was absent in all sensitive parent and bulk. This band can be considered as a 

potential marker associated with salt tolerance.  

25. For the DNA polymorphism in relation to the performance of plant height, RAPD 

marker using primer 1(AGGGGTCTTG), showed that the band with MW 2295.5 bp 

was found in all genotypes except Agami and tolerant (low value of plant height) 
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bulk for Agami x Giza177. This band can be considered as a potential marker 

associated with salt sensitivity. Also, for the band has MW 352 bp, it apprared in 

tolerant bulk for the cross Giza159 x IR29, and it was absent in all sensitive parent 

and sensitive bulk. This band can be considered as a potential marker associated with 

salt tolerance. 

26. For the DNA polymorphism in relation to performance of the plant height, a 

RAPD marker using primer 2 (CAGGCCCTTC) was delected. The band with about 

MW 2229 bp can be considered as a potential marker associated with salt tolerant. It 

appeared in tolerance bulk of the crosses Agami x Giza177 and Agami x IR29. It was 

totally absent from both sensitive parent and sensitive bulks. 

 Positive RAPD markers for salinity tolerance F2 segregants were found 

associated with low values of days to heading in amplified fragments of 800 bp, 700 bp 

and 360 bp and that associated with low values of plant height as fragments with 2295.5 

bp and 352 bp. Fragment with 1676 bp and 300 bp were found as positive RAPD 

markers for salinity tolerance associated with high yield values. 

                     Negative RAPD marker for salinity tolerance F2 segregants was found 

associated with low values of yield / plant in amplified fragment with a size of 800 bp. 

          These positive and negative RAPD-PCR markers were detected for salinity 

tolerance and associated with high and low values can offer a great help and 

applicable tool to be used efficiently in marker assisted selection (MAS) in rice 

breeding programs for both salinity tolerance and desirable performance of these 

aforementioned characters. 

          The study clearly suggests that RAPD markers for salinity tolerance appeared 

in different segregated bulks of different F2 rice hybrids are controlled by different 

genes which could be flanked by other decameric primers.  

      


