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ABSTRACT 
 
 Amino acid composition is an important feature in determining the nutritional value of wheat grain for 
human and animal diets. Environmental conditions are known to influence protein quantity as well as grain 
production and, in turn, amino acid composition. In this study amino acid composition were determined in 
drought-tolerant (Triticum aestivum L. cv. Zagros) and drought-sensitive (cv. Marvdasht) wheat genotypes 
investigated under controlled water deficit during grain filling. Cultivars were grown in pots and treated with 
either well-watered Total soluble amino nitrogen in the grains of tolerant cultivar rose markedly whereas, a 
slight reduction in compare to those respective control treatment was observed in sensitive cultivar. Irrespective 
to water deficit the total amino acids concentration , with the exception of alanine and glutamine, declined with 
time. The obvious discrepancy between cultivars found in aspargine, valine, aspartate and glycine concentration, 
as a mark increment for these amino acids (30.8%, 131%, 48.2% and 77.2% respectively) in compare to those 
control treatment for tolerant cultivar were observed, whilst a significant reduction (45%, 31%, 31% and 34.1 
respectively) found for sensitive cultivar under water-stressed condition contrast to those respective control 
treatment.  In addition, under stress only the Arg pathway is used for polyamine synthesis, which could be also a 
reason for the great decrease of relative Arg content of drought-tolerant cultivar. The principal findings of this 
study include the large accumulation of branched chain amino acids (BCAA) accumulation in response to 
drought stress in tolerant cultivar. 
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Introduction 
 
 Amino acid composition is an important feature 
in determining the nutritional value of wheat grain 
for human and animal diets. Targeted manipulation 
of biosynthetic pathways, plant breeding, and mutant 
selection [16,17,25,14,9] have been used to enhance 
the levels of either free amino acids or storage 
proteins, with variable success rates. Unfortunately, 
because several essential amino acids are synthesized 
via common substrates and competing enzymes, 
metabolic engineering attempts to enhance one or 
more amino acids directly affect metabolism of  non 
targeted amino acids. The elevated accumulation of 
metabolites in response to abiotic stress is an 
important aspect of plant amino acid metabolism. 
Environmental conditions are known to influence 
protein quantity as well as grain production and, in 
turn, amino acid composition. Amino acid 
metabolism may play an important role in plant 
stress tolerance through the accumulation of 
compatible osmolytes [3], by intracellular pH 
regulation, and by detoxification of reactive oxygen 
species, xenobiotics, and heavy metals [19,1]. During 

drought stress, protein residues may be altered by 
chemical processes and some proteins are degraded 
by proteases after being irreversibly damaged by the 
effects of drought stress. In many plant species, most 
amino acids have been observed to show a 
characteristic linear increase with the induction of 
drought stress, followed by a reduction in 
concentration upon rehydration [6,21,11]. In addition 
to de novo synthesis, these elevated amino acid pools 
could result from reduced protein synthesis [11] or 
general protein breakdown during drought stress. It 
has been suggested that proteases mobilize amino 
acids from proteins for the synthesis of compatible 
osmolytes [3]. Less and Galili [15] studied the 
expression of all annotated Arabidopsis proteases in 
response to drought and other abiotic stress, and 
concluded that increased protease production cannot 
account for the observed increase in free amino acid 
accumulation. Since the effects of drought depend on 
species, tissue and age, as well as the nature, duration 
and degree of the stress, it is not surprising that 
marked differences have been found in the amino 
acid pattern for stress conditions [12]. Although the 
amino acid composition of the grain of wheat has 
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been described in classical work, there are few 
modern studies of the influence of water availability 
during crop growth on amino acid composition, the 
objective of the present investigation was therefore to 
determine the levels of free amino acids in response 
to a water deficit in two cultivars of wheat differing 
in drought tolerance during grain development. 
 
Materials and Methods 
 
Experimental procedure determination and design: 
 
 Based on preliminary experiments [23], two 
contrasting winter wheat cultivars (Triticum aestivum 
L.) Marvdasht and Zagros (drought susceptible and 
tolerant during grain filling, respectively were used 
in pot culture experiments during the growing season 
from 2009 to 2010 in the greenhouse of Agricultural 
Biotechnology Research Institute of Iran (48°20 N; 
31°41 E; 20 m above sea level). Pots with a diameter 
of 23 cm and height of 25 cm were each filled with 
8kg pot-1 sieved yellow drab soil mixed with 20 g 
pot-1 manure fertilizer and 3.3 g pot-1 compound 
fertilizer (N:P:K = 9:8:8). The soil contained organic 
matter of 1.48%, total N of 0.12%, available N of 
82.3 µg g-1, available P2O5 of 30.9 µg g-1, available 
K2O of 126.7 µg g-1. Drought stress was imposed by 
withholding the amount of water applied in order to 
keep the soil moisture level at about 50% of the field 
capacity (FC). For non-stressed (control) treatments, 
the soil moisture was maintained field capacity until 
the plants were harvested. Fifteen seeds per pot were 
initially sown and later thinned to five at the third-
leaf stage. The pots were weighed daily and watered 
to restore the appropriate moisture by adding a 
calculated amount of water. The experiment was 2 × 
2 (two cultivars and two water regimes) factorial 
design with four treatment. Each of the treatment had 
four replications with three sub-samples, in a 
complete randomized block design. 
 
Amino acid analysis: 
 
 Amino acids were determined after extraction of 
frozen ground grain tissue in a 2% (w/v) solution of 
5-sulphosalicylic acid (30 mg DW ml-1). The 
composition of individual amino acids was 
determined by ion-exchange chromatography using 
the Amino Tac JLC-500/V amino acid analyser 
(ninhydrin coloration) according to the instructions 
of the manufacturer (JEOL (Europe) Croissy sur 
Seine, France). Total amino acid content was 
calculated by summing the 20 protein amino acids.  
 
Results: 
 
 Individual amino acid contents significant 
increases in total soluble amino nitrogen were 
detected in the grains of both cultivars under water 
deficit (Table 1). Three main groups of amino acids 

could be roughly defined: (i) amino acids with 
similar levels in Zagros and Marvdasht and 
unchanged during dehydration (Gln, Acc and Met), 
(ii) amino acids with similar levels in Zagros and 
Marvdasht and changed during dehydration (Ile, Lys, 
Leu and Phe), and (iii) amino acids with dissimilar 
levels in Zagros and Marvdasht and changed during 
dehydration (all other amino acids). Met, among 
amino acids which did not change significantly 
during dehydration was low in stressed and 
unstressed Zagros and Marvdasht (c. 0.02%). 
 Seven amino acids, namely -aminobutyrate 
(Gaba), glutamine (Gln), Glutamate (Glu), aspartate 
(Asp), asparagines (Asn), alanine (Ala) and serine 
(Ser) composed the bulk of free amino acid in the 
grain of both cultivars and together constituted c. 
82% of the total free amino acid pool found in both 
unstressed Zagros and Marvdasht (Table 1). These 
amino acids showed the largest changes during 
drought (Table 1).  
 The amino acids that accumulated to a different 
extent in tolerant cultivar during dehydration were: 
aspartate (Asp), asparagines (Asn), alanine (Ala), 
serine (Ser), proline (Pro) and -aminobutyrate 
(Gaba) (Table 1). Pro content clearly rose in Zagros 
from the beginning of the dehydration stress (Figure 
1S). Pro content increased more rapidly in tolerant 
cultivar (during 15 DAA) reaching 2.3 fold in 
compare to those respective control treatment whilst 
in sensitive cultivar Pro concentration decreased with 
time (Figure 1T). One of the most striking results is 
that dehydrated Zagros and Marvdasht strongly and 
significantly differed in their Pro content. A drop in 
Pro content was observed in Zagros between 15 to 31 
DAA but remained at higher level contrast to control 
treatment (Figure 1S). At the end of dehydration, Pro 
represented up to 2.5% of the total amino acid 
content in both cultivars. The same pattern changing 
was observed for Asp accumulation under stress 
condition in both cultivars (Figure 1A&B). 
 Asp represented 5% and 3.3% of the total amino 
acids contained in stressed Zagros and Marvdasht, 
respectively. During the 7 to 15 of dehydration, Asp 
content raised dramatically in Zagros cv. However, 
Asp content in drought sensitive was dropped 
markedly during 15 DAA in respective to those 
control treatment and maintained at lower levels at 
the end of experiment (Figure 1B). The obvious 
different in Asn content was found between cultivars 
under water stress (7 DAA), since the Zagros grain 
Asn level reached to 2.2 fold of  Marvdasht cv. 
(Figure 1G&H). Regardless of water stress treatment 
grain Asn level decreased by the time in both 
cultivars (Figure 1G&H) and during dehydration 
stress it represented c. 20% and 13.5% of total amino 
acids in Zagros and Marvdasht, respectively. Gln was 
weakly but significantly more abundant (15DAA) in 
dehydrated tolerant cultivar than in sensitive cultivar 
(Figure 1K&L), and represented 20.8% and 15.5% of 
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total amino acids in Marvdasht and Zagros, 
respectively. 
 Ala amounts did not significantly differ between 
Zagros and Marvdasht during 15 DAA, but increased 
to a larger extent (nearly 1.4 times) in drought 
cultivar than sensitive cultivar under water stress 
condition (Figure 1M&N).  
 It must be noted that, together with Ser and Asn, 
Gaba is the most abundant amino acid found in 
wheat leaves. Like Pro, Gaba has been proposed to 
be important in the stress protection mechanism [23]. 
This non-proteic amino acid accumulated 7.5% and 
10.3% of the total amino acids contained in 
unstressed Zagros and Marvdasht, respectively 
(Table 1). During the first step of dehydration 
(15DAA), Gaba content dropped with a more extent  
in sensitive cultivar. Irrespective to water stress Gaba 
levels decreased by the time during 15 to 31 DAA 
and remained at the lower level compare to control 
treatment in both cultivars, (Figure 1O&P).  
 Water stress condition cause to a substantial 
increment in grain Ser concentration of both cultivars 
(Figure 1E&F), since represented 10.73% and 
11.42% of total amino acids in Zagros and 
Marvdasht, respectively. 

 Opposite to the trend of Ser accumulation, the 
grain Glu levels increased substantially in both 
cultivars by the time under water stress condition 
(Figure 1C&D). However, Marvdasht grain Glu 
content was 1.5 times more than Zagros at the end of 
experiment. Another distinct feature between 
cultivars was found in grain Ilu concentration (Figure 
1G&H), since water limitation cause to markedly 
increment in Zagros (2 fold) compare to Marvdasht 
during 7DAA. However, this differences did not 
detectable at the end of experiment. 
 Irrespective of treatment, Zagros revealed higher 
Gly level than Marvdasht, although the stress 
condition led to more accumulation in tolerant 
cultivar, whereas in Marvdasht grain Gly content 
decreased significantly  in respective to those control 
treatment (Figure 1I&J).  
 Concentration of leucine, lysine, Phenylalanine, 
methionine, valine, histidin, argenine, threonine and 
amino cyclopropan carboxylic acid (Acc) did not 
exhibit large or consistent changes during water 
stress, and absolute contents seldom exceeded 1 
µmol g-1 on fresh weight basis during dehydration 
stress in both Zagros and Marvdasht, and did not 
show a clear trend (Table 1).   

 
Table 1: Free amino acids contents, in µmolg-1Fw, for grains of the wheat cvs Zagros and Marvdasht, subjected to different water status.  

 Zagros Marvdasht  
Aminoacid Control Stress Control Stress LSD(0.05) 
Asp 2.24c 3.32a 3.05b 1.71d 0.117 
Glu 4.44c 5.45b 5.11b 6.94a 0.698 
Ser 5.16c 7.16a 3.17d 5.98b 0.28 
Asn 9.92b 13.33a 13.06a 7.09c 2.37 
Gly 1.71b 2.49a 1.31c 0.85d 0.089 
Gln 10.28a 10.37a 10.32a 10.89a 0.712 
His 0.77b 0.77b 1.17a 0.81b 0.07 
Thr 0.75c 0.71c 0.92a 0.85b 0.05 
Arg 0.61b 0.75b 1.01a 0.53b 0.09 
Ala 6.36c 10.52a 4.6d 8.06b 0.18 
Gaba 3.87b 2.84d 5.64a 3.12c 0.205 
Acc 0.04a 0.06a 0.07a 0.06a 0.035 
Pro 0.95c 2.3a 0.72d 1.37b 0.078 
Tyr 0.81b 0.71c 1.05a 0.31d 0.093 
Val 1.18c 2.73a 1.32b 0.91d 0.11 
Met 0.01a 0.02a 0.01a 0.02a 0.035 
Ile 0.62c 1.67a 0.54c 0.93b 0.09 
Lys 0.73b 0.48c 0.78b 1.51a 0.09 
Leu 0.05b 0.56b 0.65b 1.02a 0.105 
Phe 0.26b 0.47a 0.32b 0.42a 0.004 
Total amino acids 51.26 66.71 54.82 52.38  

 
Discussion: 
 
 The elevated accumulation of metabolites in 
response to abiotic stress is an important aspect of 
plant amino acid metabolism. The identification, in 
wheat, of grains that are drought-sensitive and of 
grains that are drought-tolerant made possible the 
physiological comparison of desiccation-tolerant and 
desiccation-sensitive grain material for the discovery 
of specific physiological markers. The differential 
tolerance of wheat grains depended on grain 
development, and as is previously described [23], 

Zagros and Marvdasht proved to be drought-tolerant 
and drought-sensitive, respectively. 
 In many plant species, most amino acids have 
been observed to show a characteristic linear increase 
with the induction of drought stress, followed by a 
reduction in concentration upon rehydration 
[6,21,11]. In addition to de novo synthesis, these 
elevated amino acid pools could result from reduced 
protein synthesis [11] or general protein breakdown 
during drought stress. Interestingly, in control 
tretment, the analyses to determine total amino acid 
contents showed similar results in Zagros and 
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Marvdasht (Table 1). This finding suggested that the 
physiological differences that may explain the 

differential tolerance behaviour of Zagros and 
Marvdasht actually arose during desiccation stress. 

 

 
 
Fig. 1: Grain Amino acid content of two wheat cultivars (Triticum aestivum L.) when plants subjected to well 

watered (control) or water deficit (stress) condition from anthesis to maturity. Each point is the mean of 
four samples. Error bars are not shown when smaller than symbols. 

 
 The total amino acids and their individual 
concentration differed between Zagros and 
Marvdasht, and might have been individually 
important for the acquisition of desiccation tolerance. 
During drought studies with several genotypes of 
wheat, a concurrence between drought resistance and 
large increases in free amino nitrogen, or Pro, or both 
was observed, Pro has been widely proposed as an 
important amino acid involved in drought stress 
protection [13,22]. In dehydrated plant of wheat, Pro 
accumulation was only detected in the drought-
tolerant Zagros and not in the drought-sensitive 
Marvdasht (Figure 1S). Previously a similar age-
related trend in Pro accumulation has also been 
observed in wheat during salt stress [5]. Paleg et al., 
[20] attribute a protective role for proline, as well as 
isoleucine, against heat denaturation of several 
enzymes. In the fully desiccation-tolerant Zagros 
accumulated Pro and Ile until achieved to 2.4 and 2.7 
fold of their respective control treatments 
respectively (Table 1). This study clearly shows that 
Pro and Ile were required as a protectant in drought-
tolerant cultivar. 

 Expression of branched chain amino acids 
(BCAAs) (leucine and valine) aminotransferase, 
which functions in the last step of the biosynthesis of 
BCAAs, is induced in response to dehydration stress 
[27]. Increases in valine and leucine concentrations 
upon drought stress could also result from the 
corresponding increase in the substrate quantities, as 
was observed in case of pyruvate, which was 
increased 2.3 and 11.2 times by drought stress in 
compare to their control treatment in tolerant cultivar 
(Table 1). It has been proposed that accumulation of 
free BCAAs may serve as a substrate for the 
synthesis of stress-induced proteins and that BCAAs 
may act as signaling molecules to regulate gene 
expression [18]. 
 Asn, being composed of two nitrogen and four 
carbon atoms, is an ‘economical’ way of storing 
nitrogen. Asn may also represent a suitable 
compound for the storage of nitrogen during the 
stress. Asn build-up has indeed been observed in 
several water-stressed plants [26,24] and has been 
proposed as a transient nitrogen storage metabolite in 
sugar-starved maize roots [2], seeds during 
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dehydration and germination [4,7], and sink leaves 
during salinity stress [8]. Under stressed water 
condition, Zagros grain Asn levels increased 30.8% 
in respective to control treatment, whereas in 
Marvdasht the value decreased to 45.7% in compare 
to control condition. At the beginning of experiment 
grain Asn level in drought-tolerant was markedly 
higher than drought-tolerant, we speculate that the 
higher reserves deposited probably represent of more 
transport efficiency of storage material resulting in 
multiple factors like enzyme involved in 
carbohydrate utilization and storage.  The relative 
amount of Arg, in grains of both cultivars displayed a 
little changes throughout of water deficit (Table 1). 
Interestingly, a considerable changes were observed 
in the proportion of the main Pro precursor, Glu, 
which may indicate that Pro is synthesized mainly 
using Glu as a precursor under stress conditions 
(Figure 1C&D). 
 By contrast, Marvdasht accumulate a wider 
pattern of amino acids. This is probably due to 
slower amino acid interconversions during the 
dehydration that finally result in higher levels of Acc, 
Lys, Tyr, Phe, and His in dehydrated Marvdasht 
grain. 
 According to principle component analysis on 
the relative amounts of all amino acids, the greatest 
difference between the two genotypes in the amino 
acid composition was observed at 7 days after 
imposed water stress. The present report shows that 
Glu might have been channeled in tolerant cultivar 
leading to Pro and Asn biosynthesis (Table 1).  
 In addition, under stress only the Arg pathway is 
used for polyamine synthesis, which could be also a 
reason for the great decrease of relative Arg content 
of drought-tolerant cultivar [8]. The principal 
findings of this study include the large accumulation 
of BCAA accumulation in response to drought stress 
in tolerant cultivar, however, not much research has 
been directed toward their role as protective 
osmolytes. 
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 Abbreviations:  
 
 ACC – amino cyclopropan carboxylic acid, Ala 
– Alanine, Arg – arginine, Asn – asparagines, Asp – 
aspartate, DAA – days after anthesis, Gaba - -
aminobutyrate, Gln – glutamine, Glu – glutamate, 
Gly – glycine, His – histidine, Ile – isoleucine, Leu – 
leucine, Lys – lysine, Met – metionine, Phe – 
phenylalanine, Pro – proline, RWC - relative water 
content, Ser – serine, Thr – threonine, Tyr – tyrosine, 
Val – valine 
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