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ABSTRACT 

Ahmed Fahmy Houssien Abo-Doma, Physiological Genetic Studies in Some 
Species of Sorghum, Unpublished Doctor of Philosophy, Genetics, Fac. of 
Agric, Ain Shams Univ., 1996 

Evaluation of 14 Sorghum hico/or cultivars for their relative salt tolerance 

based on some yield components in sand culture. dctennination of proline and 

ABA levels in response to salt stress and development of molecular markers 

associated with salt stress tolerance. The results indicated that the two cultivars 

G. 123 and Local 129 were the most tolerant cultivars. They exhibited relatively 

higher proline and ABA contents, occurrence of unique SDS protein bands, 

westem blot of osmotin antisera characteristic bands and SDS-PAGE intensive 

pattems for PEPc. In addition, eDNA differential display for CDPKs gene 

indicated characteristics bands associated with salt tolerance. Furthermore, PCR­

RAPD markers were uniquely present in the two salt tolerant cultivars G. 123 

and Local 129. 

Key words: Sorghum bicolor. salt tolerance. yield components, proline, ABA, 

Osmotin, immunoblot. PEPc, CDPKs-cDNA, differential display. 





CONTENTS 

Page 

I. INTRODUCTION ................................................................................................. I 

II. REVIEW OF LITERATURE .............................................................................. 3 

A. ASSESSMENT OF SALT TOLERANCE ... . 

1. Salt tolerance in whole plants .... . 
2. Salt tolerance in protoplasts .. 
3. Water status in salt stressed plants 
4_ Markers for salt tolerance .. 

B- PHYSIOLOGICAL MARKERS 

1. Proline content ........ . 

. ... 3 
. ............... 3 

. .... 8 

················ .... 9 
·········· 13 
.......... 13 

................ 13 

2. Abscisic acid content.................... . ........ 15 
C. MOLECULAR MARKERS. . .. . ... .... ....... ........ ... .. . .. . .. . . . .. .. .. .... .. ... .. ...... ... ... . 17 

1. SDS-PAGEproteinpallerns... ............. . .................................................... 17 
2./mmunob/otting of salt stress-induced proteins (osnwtin) .................................. 20 
3. Phosphoenolpyruvate carboxylase.. . ......................................... 22 
4. Differential display for calcium-dependent protein kinase (CDPKase) .... .. 24 
5. RAPD markers.......... . ........... ,................. ........................................ . .. 26 

ill MATERIALS AND METHODS ...................................................................... 30 

A. PLANT MATERIALS ................................................................................. . 30 
B. METHODS ....................... . . ·················. 30 

1. Assessment o_fsalt tolerance ............... . . ................... 30 
a. ltttact platll growtlt rates .. . ....................... 30 
b. JV ater relmio11sltips . . ....................... 31 

2. Protoplast level.... . .................................................... 32 
3. Physiological markers............................... ......................................... . .. 33 

a. Proline lel•el... . ....................... 3 3 
b. Ahscisic acid coJrteut .. 

4. Molecular markers. 
a. SDS- PAGE ... 

........................ 33 
. ... ... ... . . . .................... 35 

. ....................... 35 
b. Osmoti11 western blot.. . 3 7 
c. Phosphoenolpyrovate carbo:.l.ylase .. . ....................... 38 
d Differential tlisploy for calcium-dependent protein kina\·e (CDPKs) ........................ 39 
e. Ra1tdomly amplified polymorphic Dfo.lA (RAPD) markers ... . ....................... 44 

IV. RESULTS AND DISCUSSION ......................................................................... 47 

A. ASSESSMENT OF SALT TOLERANCE .. 

/. Whole plant level .. 
2. Total root length ..... . 
3. Root dry weight .. 
4. Shoot ji·esh weight .... 
5. Shoot drv weight ... 
6. Shoot/root ratio .. 
7. Relative water content .. 

. .................... 47 

. .................... 47 

. .... 47 

. ......... 49 
. .................... 51 

. .... 5./ 
. .................... 56 

. .... 5/l 



8. Relative combined evaluation ..... . ······· 60 
9. Protoplast viability.. . ....... 62 

B. PHYSIOLOGICAL MARKERS ... ··································· 64 
I. Proline Content ... .. 64 
2. Abscisic acid content.. . . .. .. . . . . .. .. .. . .. . .. 66 

C. MOLECULAR MARKERS. .. . . ... . .. ...... . . . . . . . . . .. . . . . . . ........ 69 
1. Protein pallerns as studied by SDS-PA GE.. . . ........................................ 69 
2. Immunological analysis of salt stress-induced proteins .......... .......................... 71 
3. Phosphoenolpyruvate carboxylase (PEPc) in relation to salt stress........... 73 
4. Differential display for calcium dependent protein kinase (CDPKs) .................. 75 
5. Genetic markers using RAPD ......... ............. ............... ...................... .. 77 

V. SUMMARY ........................................................................................................ 81 

VI. REFERENCES .................................................................................................. 83 

ARABIC SUMMARY ............ . 



LIST OF TABLES 
Table Page 

The 14 sorghum cultivars under investigation and their origins..... . .. 30 

2 Total root length (em) in 14 cultivars of Sorghum bico/or under three 
different sail concentrations.. . ........... 48 

3 Root dry weight (gm) in 14 cultivars of Sorghum bico/or under three 
different sail concentrations. . .. ..... ... ... .... .. ... . . .. 50 

4 Shoot fresh weight (gm) in 14 cultivars of Sorghum bico/or under three 
different sail concentrations.. . ................................. 53 

5 Shoot dry weight (gm) in 14 cultivars of Sorghum bico/or under three 
different sail concentrations. . ... ................... ......... .. .. 55 

6 Shoot/root ratio for 14 cultivars of Sorghum bicolor and under three 
different salt concentrations .. . .. 57 

7 Relative water content in 14 cultivars of Sorghum bico/or under three 
different salt concentrations.. .. . ... .. ... . . ... .... ... .. ... . ..... .. . . ... .... ..... . ..... 59 

8 Decreasing order for the 14 cultivars of Sorghum bico/or in the six 
different traits to determine the two most salt-tolerant and the two most 
salt-sensitive cultivars ........ . 

9 Protoplast viability in the two most salt tolerant cultivars Gl23 and 
Local 129 and the two most salt sensitive cultivars Dorado and JS-314 

.. 61 

under 0, 50, !50 and 200mM NaCI............................................... . 63 

10 Proline content in the two most salt tolerant cultivars and the two most 
sensitive cultivars subjected to 0 and 200 mM NaCI for 6 days........ . ...... 65 

11 ABA content in the two most salt tolerant cultivars G 123 and Local 
129 and the two most salt sensitive cultivars Dorado and IS-314 under 
control and 200 mM NaCI. ... . . .. . ... . . . . .. .. . . .. . .. ... . .. . ....... .. .... ... ... .... .. . .. 68 




