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Abstract 
 
Understanding the response of a crop to drought is the first step in the breeding of tolerant genotypes. In this study, two sorghum 
(Sorghum bicolor L.) genotypes with contrasting sensitivity to drought were subjected drought stress by withholding water for 7 
days at seedling stage; physiological and protein analyses were made. Reduction percentage was recorded on leaf water content, 
chlorophyll a and b and total chlorophyll. Shoot and root lengths reductions were observed in the drought-sensitive Cultivar (Tabat) 
while the drought-tolerant line (EL9) showed an increase in shoot and root lengths under drought conditions. Drought tolerant 
sorghum line EL9 accumulated higher proline (26% increase) when compared to the sensitive cultivar Tabat (5% increase). Mass 
spectrometry analysis coupled with nanoflow UPLC was used to compare daily-watered with drought stressed (7 days) seedlings. A 
total of 36 protein spots were detected, of which 23 were recorded for one or both accessions under drought stress conditions 
only. These proteins were identified using MASCOT database search in accordance with sequence similarity with previously 
characterized proteins from the Uniprot database. The identified proteins were assigned to different functional categories as 
follows: Response to stress (35%); metabolic processes (26%); photosynthetic (13%); fatty acid biosynthesis (4%) and cell wall 
biogenesis/degradation (4%). Seven of the identified proteins under stress condition were unique to El9, in contrast to 4 proteins 
were unique to Tabat. This study showed a differential protein expression pattern of two sorghum accessions under drought stress, 
which will be valuable for studying the molecular mechanisms underlying drought tolerance in the future. Also, these proteins 
could be potential candidates for development of markers to be used in markers assisted selection. 
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Introduction 
 

 

Sorghum (Sorghum bicolor (L.) Moench) is the fifth most 
important crop in the world which is used as food, feed, 
fodder, fiber, and fuel. Sorghum is better adapted to 
marginal, hot, and drought prone environments compared 
with most other crops. This attribute is of great importance 
as the demand for food and water supplies increases due to 
world population growth (Ejeta and Knoll, 2007). 
Abiotic and biotic stresses limit plant growth and crop 
productivity. Changes in precipitation patterns due to 
climate change and meteo- climatic variability have become 
a critical issue and a limiting factor for the crops under rain- 
fed systems. As water is sometimes limiting under irrigation 
systems due to competition between crops, drought tolerant 
genotypes are also preferred (Anami et al., 2015). 
Plant drought tolerance is a complex quantitative trait, 
involving multiple metabolic pathways. A number of genes 
involved in plant drought responses and tolerance have 
been identified in model plants and crops (Seki et al., 2002; 
Guo et al., 2009; Campo et al., 2012). Knowledge concerning 
the molecular mechanisms underlying drought tolerance is 
one of the critical factors needed for the development of 
drought tolerant genotypes. Due to the large distribution of 
semi-arid agricultural lands in Sudan, species with higher 

water-use efficiency (WUE) and drought tolerance are 
required for production (Somerville et al., 2010). 
Proteomics is the large-scale analysis of protein from a 
particular organism has been used to study global changes in 
the protein expression in plant tissues, cells and sub-cellular 
compartments (Blackstock and Weir, 1999; van Wijk, 2001). 
Drought induces the expression of proteins that are not 
specifically related to water deficit, but which are induced by 
cellular damage. These include different classes of heat 
shock protein genes or cognates (Kiyosue et al., 1994), 
thiolproteases (Williams et al., 1994), proteinase inhibitors 
(Reviron et al., 1992), and osmotin (Kononowiczet al., 1993). 
Protein expression changes in response to drought have 
been reported in rice (Ali and Komatsu, 2007), maize 
(Riccardi et al., 1998), sugar beet (Hajheidari et al., 2005), 
wheat (Hajheidari et al., 2007) and sunflower (Castillejo et 
al., 2008). A number of drought-induced proteins which are 
involved in photosynthesis, signaling pathways, oxidative 
stress detoxification were identified in different crops (Ali 
and Komatsu, 2007). 
The aim of this study was to investigate the influence of 
drought stress on the physiological and biochemical 
parameters of one drought tolerant line (El9, recently 
developed and purified) and a drought sensitive sorghum 

http://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-015-1657-3#CR4
http://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-015-1657-3#CR4
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cultivar (Tabat). Also, to explore and identify stress 
responsive proteins following drought treatment using mass 
spectrometry analysis couple with nanoflow Ultra 
Performance Liquid Chromatography (UPLC). 
 
Results and Discussion 
 
Physiological response to drought stress 
 
The two sorghum accessions revealed significant differences 
(P < 0.05) under drought stress for all measured characters 
(Table 1).  
Reduction in both shoot and root lengths were observed for 
Tabat cultivar while EL9 showed an increase in both 
measured parameters (Table 2). High reduction percentage 
(47%) was recorded on leaf water content for the sensitive 
sorghum cultivar (Tabat) when compared to the drought 
tolerant line (EL9) for which 5.5% reduction was recorded 
(Table1). Low LWC indicates a negative plant response to 
drought stress whereas high leaf water content prevents leaf 
wilting under stress (Liu et al., 2002). The reduction in shoot 
and root growth is an important drought-induced stress (El 
Midaoui et al., 2003). According to the obtained data, El9 
was found to retain higher leaf water content and higher 
shoot and root growth, respectively, under stress conditions 
compared to Tabat, this results is in accordance with 
Maheswari et al. (2010). Bibi et al. (2010) observed that 
most of the morphological and physiological characters at 
seedling stage were affected by water stress in sorghum. 
Drought stress suppressed shoot and root growth and in 
certain cases root growth increased (Salih et al., 1999; Bibi et 
al., 2010). Similar trends of variable response are also 
reported by Achakzai and Bazai (2007) in some sorghum 
cultivars. Percent reduction in chlorophyll a and total 
chlorophyll contents recorded for Tabat in response to 
drought were significantly (P>0.05) higher than those 
recorded for El9 (Table 1 & 2). However, reduction % in 
chlorophyll b was significantly higher for El9 compared to 
Tabat (Table 1&2). Similarly, Ommen et al. (1999) reported 
that total leaf chlorophyll content decreases as a result of 
drought stress. Drought stress caused a large decline in the 
content of chlorophyll a, chlorophyll b, and total chlorophyll 
in all sunflower varieties investigated by Manivannan et al. 
(2007). Severe drought stress inhibits photosynthesis in 
plants by: causing changes in chlorophyll content, affecting 
chlorophyll components and damaging the photosynthetic 
apparatus (Iturbe-Ormaetxe et al., 1998). The results are in 
agreement with Nyachiro et al. (2001), who reported a 
significant decrease in chlorophyll a and b due to water 
deficit in six Triticum aestivum cultivars.  
Decrease in osmotic potential due to stress results in the 
increased hydrolysis of macromolecules into simpler ones 
like simple sugars and amino acids resulting in higher solute 
concentration (Tyagi et al., 1999). In line with this, 
significantly higher increase (26%) in proline concentration 
was detected in stressed El9 seedlings. It should be 
emphasized that Tabat accumulated less proline (5%) when 
compared to El9 (Table 1&2). This result which indicates a 
better performance of El9 under water stress conditions 
compared to Tabat. Johnson et al. (2015) have also reported 
the accumulation of proline during drought stress. Proline 
acts as an osmoticum and accounts for higher drought 
tolerance due to greater relative water content and leaf 
water (Ashraf and Foolad, 2007). Thus, proline accumulation 
is believed to play adaptive roles in plant stress tolerance 

(Verbruggen and Hermans, 2008) and has been advocated as 
a parameter of selection for stress tolerance (Yancy et al., 
1982; Jaleel et al., 2007). 
 
Proteomic analysis 
 
Proteomic profiling was used to monitor changes in 
response to drought conditions in the tolerant line (El9) and 
a drought sensitive sorghum cultivar (Tabat). Differential 
expression between stressed and non-stressed seedlings 
was assessed using mass spectrometry coupled with the 
MASCOT database search in accordance with sequence 
similarity for previously characterized proteins from the 
Uniprot database. Comparison of the differential protein 
expression between the two accessions was also considered. 
The extracted proteins were subjected to trypsin digestion 
and analyzed on a high resolution mass spectrometry 
analysis couple with nanoflow UPLC. The detailed protein 
and peptide identification information for drought tolerant 
line (El9) and sensitive cultivar (Tabat) were listed in Tables 3 
and 4, respectively. Twenty three proteins were detected 
under drought stress for the two accessions. The identified 
proteins were assigned to different functional categories 
(Table 3, 4 and Fig. 2) as follows: Response to stress (35%); 
metabolic processes (26%); photosynthetic (13%); fatty acid 
biosynthesis (4%) and cell wall biogenesis/degradation (4%). 
Seven of the identified proteins under stress condition were 
unique to El9, In contrast, to 4 proteins were unique to 
Tabat. Drought induced proteins identified only on the 
drought tolerant line (El9), are suggested to play important 
roles in sorghum drought tolerance. Drought stress can 
result in changes in the protein content through changes in 
gene expression or altered protein stability, degradation or 
modifications accompanying various cellular processes that 
reflect drought-induced damage/metabolism failure and 
adjustment, adaptation and homeostasis maintenance. The 
majority of the proteins identified in this study responded to 
drought stress in both compared genotypes. This finding 
indicates that the differential sensitivity of the examined 
genotypes to drought is associated with changes in a limited 
fraction of proteins and/or depends on the extent of the 
quantitative changes in protein levels. Similar results were 
observed by Peng et al. (2009) who found cultivar-specific 
differences in the drought/salinity-induced changes (37% 
and 9% of differentially expressed proteins for the root and 
leaf proteomes, respectively) of the wheat proteome; many 
of these differences involved antioxidant protein.The most 
represented functional category of proteins responding to 
drought in our case contained various chaperones, heat-
shock proteins and other proteins that participate in protein 
folding. These proteins were also among those that showed 
the strongest response to stress conditions. Similarly, Xu and 
Huang (2010) reported an increase in the abundance of 
several HSPs in a drought-tolerant cultivar of Kentucky 
bluegrass but not in a drought-sensitive cultivar. Genotype-
dependent changes in HSP were observed in the leaves of 
eight poplar genotypes subjected to an insufficient water 
supply (Bonhomme et al., 2009). Veeranagamallaiah et al. 
(2011) have also suggested that LEA proteins could act as a 
special form of molecular chaperones that would prevent 
the aggregation of otherVeeranagamallaiah et al. (2011) 
have also suggested that LEA proteins could act as a special 
form of molecular chaperones that would prevent the 
aggregation of other proteins induced by water stress.  
 

http://www.sciencedirect.com/science/article/pii/S1687157X13000334#t0020
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                   Table 1. Analysis of variance of the two sorghum accessions under drought stress. 

Source SS df MS   

Between-treatments 61.9663 1 61.9663 F = 6.75646 

Within-treatments 275.1424 30 9.1714   

Total 337.1086 31     

                    * The f-ratio value is 6.75646. The p-value is 0.01435. The result is significant at p < 0.05. 
 
 
 

 
Fig 1. Pie charts of different protein functional categories. 

 
 
 
                        Table 2. Effect of drought stress on some parameters of sorghum Accessions. 

Parameter Sorghum accessions Control Drought 
Reduction 
/Increase % 

Chlorophyll a 
(mg/g 

FW
) 

Tabat 0.23 0.16 - 30.4 
El9 0.17 0.17 0 

Chlorophyll b 
(mg/g 

FW
) 

Tabat 0.14 0.13 -7.1 
El9 0.20 0.17 - 15 

Chlorophyll content 
(mg/g 

FW
) 

Tabat 0.37 0.30 - 18.9 
El9 0.36 0.34 - 5.5 

Chlorophyll a:b ratio 
Tabat 1.64 1.30 - 20.7 
El9 0.85 1.00 +17.6 * 

LWC (g/g
-1

) 
Tabat 0.17 0.09 - 47 
El9 0.18 0.17 - 5.5 

Shoot Length (cm) 
Tabat 30.5 29.9 - 1.9 
El9 22.1 25.6 +15.8 * 

Root length (cm) 
Tabat 3.5 2.5 28.5 
El9 3.9 4.8 +23 * 

Proline (mg/100g) 
Tabat 662.5 698.5 +5* 
El9 579.1 730.1 +26.1* 

                 *+ Increase; - = Reduction  
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Table 3. Proteins identified under drought stress in El9.  

 Accession Protein name/species Score Coverage 
# 
Proteins 

# Unique 
Peptides 

# 
PSMs 

MW 
[kDa] 

calc. pI Biological process 

1 C5Y2U3 
Acyl carrier protein 
OS=Sorghum bicolor 

0.00 8.07 1 1 4 15.5 5.36 
Fatty acid bio 
synthesis 

2 A1E9T2 
Ribulose bisphosphate 
carboxylase large chain 
OS=Sorghum bicolor 

1.62 2.31 1 1 1 52.7 6.80 Photosynthesis 

3 C5XXB8 
GrpE protein homolog 
OS=Sorghum bicolor 

0.00 4.18 1 1 1 37.0 4.61 Plant stress 

4 A1E9T7 
Apocytochrome f OS 
chaperon=Sorghum bicolor 

9.11 7.50 76 2 5 35.4 9.03 Photosynthesis 

5 P17606 
Malate dehydrogenase [NADP] 
1, chloroplastic OS=Sorghum 
bicolor 

8.92 3.50 1 1 3 46.4 6.10 Metabolism 

6 Q9ATM6 Aquaporin PIP2-4 OS=Zea mays 1.8 4.53 1 1 2 30.9 9.04 Plant stress 

7 A2YWQ1 
Heat shock protein 81-1 
OS=Oryza sativa subsp. Indica 

3.99 2.43 4 2 2 80.1 5.07 Plant stress 

8 O49344 
Putative oxygen-evolving 
enhancer protein 2-2 
OS=Arabidopsis thaliana 

3.81 7.20 13 1 2 13.4 6.07 Photosynthesis 

9 Q5Z974 

ATP-dependent zinc 
metalloprotease FTSH 1, 
chloroplastic OS=Oryza sativa 
subsp. Japonica 

2.93 2.92 1 1 1 72.7 5.69 
Protein metabolism/ 
proteolysis 

10 Q7F9I1 
Chaperone protein ClpC1, 
chloroplastic OS=Oryza sativa 
subsp. Japonica 

0.00 1.53 2 1 1 101.7 6.51 Plant stress 

11 P84977 
Glycine-rich RNA-binding 
protein 3 (Fragments) OS= 
Arabidopsis thaliana 

1.95 20.83 4 1 1 5.2 4.53 Plant stress 

12 C5YC80 
Cysteine synthase OS=Sorghum 
bicolor 

0.00 2.80 1 1 3 41.6 8.40 Metabolism 

13 Q40677 
Fructose-bisphosphate aldolase, 
chloroplastic OS=Oryza sativa 
subsp. Japonica 

18.04 5.41 1 2 9 42.5 7.10 Metabolism 

 
 
Table 4. Proteins identified under drought stress in Tabat. 

 Accession 
Protein 
name/species 

Score Coverage # Proteins 
# Unique 
Peptides 

# 
PSM
s 

MW 
[kDa] 

calc. pI Biological process 

1 C5Y2U3 

Acyl carrier 
protein 
OS=Sorghum 
bicolor 

5.52 9.09 1 1 4 15.1 5.31 Metabolism 

2 C5XJZ0 

40S ribosomal 
protein S4 
OS=Sorghum 
bicolor 

0.00 3.77 1 1 1 29.9 10.15 Translation/stress 

3 Q9ATM6 
Aquaporin PIP2-4 
OS=Zea mays 

4.66 5.21 1 1 2 30.3 7.01 Plant stress 

4 
Q9STW6 
 

Heat shock 70 
kDa protein 6, 
chloroplastic 
OS=Arabidopsis 
thaliana 

1.92 
 

1.25 
 

1 2 2 
76.5 
 

5.20 
 

Plant stress 

5 
A1E9T1 
 

ATP synthase 
subunit beta, 
chloroplastic 
OS=Sorghum 
bicolor 
 

0.00 
1.81 
 

1 1 1 
54.0 
 

5.43 
Protein 
metabolism/ 
proteolysis 

6 Q7F9I1 

Chaperone 
protein, 
chloroplastic 
OS=Oryza sativa 
subsp. Japonica 

2.50 1.53 2 1 1 101.7 6.51 Plant stress 
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7 O65101 

Photosystem I 
reaction center 
subunit VI, 
chloroplastic 
OS=Zea mays 

2.18 7.75 1 1 1 14.9 10.10 Photosynthesis 

8 P80607 

Alpha-1,4-glucan-
protein synthase 
[UDP-forming] 
OS=Zea mays 

1.98 1.92 1 1 2 41.2 6.13 
Cell wall 
biogenesis/degra
dation 

9 C5YC80 

Cysteine synthase 
OS=Sorghum 
bicolor 
GN=Sb06g001610 

1.67 
 

2.85 1 1 3 41.3 8.43 Metabolism 

10 Q40677 

Fructose-
bisphosphate 
aldolase, 
chloroplastic 
OS=Oryza sativa 
subsp. Japonica 

18.04 5.41 1 2 9 42.0 6.80 Metabolism 

 
              Table 5. Differential protein pattern for the two sorghum accessions. 
                 

Present(+)/Absent(-) 
 
Stress-related proteins 
 
These proteins have direct relation to drought and include:  
40S, 60S ribosomal proteins, GrpE protein homolog, 
Aquaporin, Heat shock proteins, Chaperone protein and 
Glycine-rich RNA-binding protein. Heat shock proteins, 
Chaperone, aquaporins and 40S ribosomal proteins were 
identified on both accessions, while GrpE protein homolog, 
Glycine-rich RNA-binding protein were identified only on the 
drought tolerant line (El9) (Table 3, 4, 5). The molecular 
chaperons were highly expressed in plant under drought 
stress. They are involved in protecting macromolecules such 
as enzymes and lipids under severe drought stress (Zhu et 

al., 1997). Identified ribosomal proteins are incorporated in 
the cytosolic ribosome under specific situations, such as 
certain developmental stages, tissues, and stress conditions 
(Byrne, 2009).  Aquaporins were identified as stress 
responsive proteins and are shown to be expressed in 
visibility of cell enlargement and cell elongation (Ingela et 
al., 2000). 
The heat shock proteins (Hsp) are molecular chaperones 
involved in a variety of cellular processes including protein 
folding, protein transport across membranes, modulation of 
protein activity, regulation of protein degradation, and 
prevention of irreversible protein aggregation under stress 
conditions (Wang et al., 2004). In this study two HSPs were 

S. no. Protein name/Species El9 Tabat 

1 Acyl carrier protein OS=Sorghum bicolor  + + 

2 
Ribulose bisphosphate carboxylase large chain OS=Sorghum 
bicolor 

+ 
 
- 

3 GrpE protein homolog OS=Sorghum bicolor + - 

4 Apocytochrome f OS chaperon=Sorghum bicolor + - 

5 
Malate dehydrogenase [NADP] 1, chloroplastic OS=Sorghum 
bicolor 

+ - 

6 Aquaporin PIP2-4 OS=Zea mays + + 

7 Heat shock protein 81-1 OS=Oryza sativa subsp. Indica + - 

8 Heat shock 70 kDa protein 6, chloroplastic OS=Arabidopsis thaliana  - + 

9 
Putative oxygen-evolving enhancer protein 2-2 OS=Arabidopsis 
thaliana 

+ - 

10 
ATP-dependent zinc metalloprotease FTSH 1, chloroplastic 
OS=Oryza sativa subsp. Japonica 

+ + 

11 
Chaperone protein ClpC1, chloroplastic OS=Oryza sativa subsp. 
Japonica 

+ + 

12 
Glycine-rich RNA-binding protein 3 (Fragments) OS= Arabidopsis 
thaliana 

+ - 

13 Cysteine synthase OS=Sorghum bicolor  + + 

14 40S ribosomal protein S4 OS=Sorghum bicolor GN=Sb03g014380 - + 

15 
Photosystem I reaction center subunit VI, chloroplastic OS=Zea 
mays 

- + 

16 Alpha-1,4-glucan-protein synthase [UDP-forming] OS=Zea mays - + 

17 Cysteine synthase OS=Sorghum bicolor  + + 

18 
Fructose-bisphosphate aldolase, chloroplastic OS=Oryza sativa 
subsp. Japonica 

+ + 
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identified on sorghum under drought. HSPs are regulated by 
the GrpE protein, a stress induced protein, was only 
identified in El9. This protein is known to accelerate the 
activity of Hsp by inducing the release of an energy substrate 
(Mally and Witt, 2001). Kim et al. (2015) identified two 
pathogenesis-related proteins, an abscisic stress-ripening 
protein and heat shock protein 1, expressed only under 
drought conditions. 
Glycine-rich RNA-binding protein, a drought responsive 
protein, was detected on El9 and is known to play a role in 
RNA transcription or processing during stress; it is involved 
in the regulation of abscisic acid and stress responses (Joo et 
al., 2010). 
 
Metabolism-related proteins 
 
Numerous metabolic and physiological functions are 
compromised when the plants are subjected to drought 
stress, yet the rapidly upregulated activities of protective 
proteins provide the first line of defense to offset some of 
the adverse effects (Yin et al., 2014). A number of enzymes 
related to energy metabolism were induced by drought 
stress in the sorghum accessions under study (Table 3, 4, 5). 
Fructose-bisphosphate aldolase, cysteine synthase and ATP-
dependent zinc metalloprotease were detected in both 
accessions, while malate dehydrogenase was detected for 
El9 only. Isoforms of fructose-bisphosphate aldolase which 
are important metabolic enzymes in the glycolysis 
/gluconeogenesis path ways, and malate dehydrogenase, 
which are involved in carbohydrate synthesis, were 
identified in this study as drought-induced proteins (Table 
4). Donnelly et al. (2005) reported that; 40% of the identified 
proteins under stress were involved in energy, primary or 
secondary metablolism. Similarly, Kim et al. (2015) reported 
that; 34% of the identified proteins under drought stress 
were involved in metabolism. Ahsan et al. (2007) also 
identified proteins related to energy metabolism under 
water logging in tomato leaves.  
 
Photosynthesis-related proteins 
 
Four of the proteins identified under drought stress were 
classified as photosynthesis related proteins (Table 3, 4). 
Three of these proteins (Ribulose bisphosphate carboxylase, 
Apocytochrome and Putative oxygen-evolving enhancer 
protein) were detected on El9 while only one (Photosystem I 
reaction center subunit VI) for Tabat. However, 
Apocytochrome and Putative oxygen-evolving enhancer 
protein were highly found to be up regulated compared to 
other identified proteins (Table 2). RuBisco is involved in 
carbon fixation, during hot dry conditions (Whitney and 
Andrews, 2001). The photosystem II reaction center D1 
protein is known to turn over frequently. This protein is 
prone to irreversible damage caused by reactive oxygen 
species that are formed in the light; the damaged, 
nonfunctional D1 protein is degraded and replaced by a new 
copy (Lindah et al., 2000). However, the proteases 
responsible for D1 protein degradation remain unknown. 
The possible role of the Pyrophosphate-energized vacuolar 
membrane proton pump, an ATP-dependent zinc 
metalloprotease, during this process, was investigated 
(Lindah et al., 2000). Oxygen evolving protein 1 identified in 
EL9 seedlings subjected to drought stress is known to 

stabilize the cluster involved in water splitting during 
photosystem II. This protein was also identified by Ngara et 
al. (2012) on sorghum seedlings raised under salinity stress. 
Ford et al. (2011) reported that 14% of the identified 
proteins under stress are involved in photosynthetic 
machinery. 
 
Cell wall degradation proteins 
 
Alpha-1, 4-glucan-protein synthase was detected for Tabat 
under drought stress; this protein has been reported to have 
a possible role in the synthesis of cell wall polysaccharides in 
response to salt stress (Komatsu et al., 2014). 
 
Fatty acid biosynthesis 
 
Acyl carrier protein, of Sorghum bicolor was also identified 
as stress responsive protein in the two sorghum accessions, 
which is known to play an essential cofactor role in the 
synthesis and subsequent desaturation and acyl transfer of 
fatty acids in plants and bacteria (Stumpf, 1984). 
 
Materials and methods 
 
Plant materials 
 
Seeds of the drought tolerant sorghum line (EL9) and those 
of an elite farmer preferred sensitive sorghum cultivar 
(Tabat) (Lux et al., 2002) were provided by Dr. Abdelwahab 
Hassan, Department of Agronomy, Faculty of Agriculture, 
University of Khartoum. 
 
Water stress 
 
To assess the ability of the two sorghum accessions to 
tolerate drought, seeds were raised in sand clay soil 
contained in earthen pots and watered daily for two weeks. 
Drought treatment was imposed on 14-day-old plants by 
withholding water for 7 days at seedling stage. The control 
plants were watered daily during the whole period. Leaf 
samples from both accessions were taken from the control 
and stressed plants. All analyses were performed on the first 
leaf, which was fully expanded at the beginning of the 
treatment (Demirevska et al., 2008). 
 
Physiological data 
 
Leaf water content (LWC), chlorophyll a & b contents, total 
chlorophyll content, chlorophyll a:b ratio, shoot length, root 
length and proline content were determined. LWC was 
measured according to the following equation: LWC 
(g/g)=(FW−DW)/DW, where FW is the leaf fresh weight and 
DW is the dry weight (Demmig and Bjorkman, 1987). 
Chlorophyll content was determined in 80% acetone extract. 
After centrifugation (20000 g, 20 min) the absorbance was 
read spectrophotometrically at 663 and 645 nm using 
spectrophotomerter. Total chlorophyll as well as chlorophyll 
a and b concentrations were calculated according to Arnon 
(1949). Proline content was determined using amino acid 
analyzer (Sykem).   
All parameters were measured for seedlings under both 
control and drought-stress conditions in three replicates, 
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ANOVA analysis was done and then the results of were 
subjected to LSD test for significance of differences. 
 
Proteomics analysis 
 
Protein extraction 
 
The protein disulfide bonds of the samples were reduced for 
40 min with 5 mM dithiothreitol at room temperature and 
alkylated for 40 min with 15 mM iodoacetamide in the dark. 
The alkylated protein samples (about 100 µg) were digested 
overnight at 37°C with trypsin in a 1:50 enzyme-to-substrate 
ratio (Promega, V5113). Following digestion, the peptide 
mixtures were acidified with trifluoroacetic acid (TFA) to 1%, 
and desalted. The dried peptides were immediately 
subjected to nano LC-MS/MS analysis. 
 
Data analysis 
 
The raw data were analyzed and searched against Uniprot 
Sorghum bicolor protein sequence database using Proteome 
Discoverer 1.2 (ThermoFisher Scientific). The parameters 
were set as follows: the protein modifications were 
carbamidomethylation (C) (fixed), oxidation (M) (variable); 
the enzyme specificity was set to trypsin; the maximum 
missed cleavages were set to 2; the precursor ion mass 
tolerance was set to 10 ppm, and MS/MS tolerance was 0.6 
Da. Only peptides that were identified with high confident 
were chosen for downstream protein identification analysis. 
 
Conclusion 
 
The proteins that were identified only in line El9 may have 
an important role in sorghum drought tolerance and could 
be a potential source of their respective genes for sorghum 
breeding programs aiming at developing drought tolerant 
cultivars. Further investigations of these proteins may also 
help elucidating the mechanism of drought tolerance in 
sorghum. 
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