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Table 1. Chemical, rheological and physical properties of wheat flour of the studied Iranian cultivars in this 

experiment. Each value is the mean (n= 3) ± SE. Values with different letters in each characteristic are 

significantly (P < 0.05) different according to PLSD test 

Characteristic Sepahan Morvarid Parsi Sardari 

Wet gluten (%) 31.77a ± 0.39 30.83b ± 0.20 28.13c ± 0.01 28.50c ± 0.20 

Protein (%) 10.20d ± 0.17 12.20a ± 0.15 11.26c ± 0.12 11.77b ± 0.03 

Zeleny sedimentation value (ml) 11.63c ± 0.31 20.06a ± 0.30 16.00b ± 0.57 16.80b ± 0.15 

Water absorption (%) 78.90a ± 0.75 70.20c ± 1.20 75.05b ± 0.68 73.63b ± 0.37 

Development time (min) 2.75c ± 0.03 3.32a ± 0.01 2.68c ± 0.92 3.05b ± 0.29 

Stability (min) 1.22d ± 0.03 2.26a ± 0.04 1.37c ± 0.03 1.93b ± 0.04 

Farinograph quality number 29.33d ± 0.88 46.83a ± 0.44 33.67c ± 0.33 42.73b ± 0.37 

Loaf volume (ml) 580.67b ± 4.91 686.55a ± 2.58 567.7b ± 8.82 669.63a ± 2.02 

Loaf weight 131a  ± 0.55 125.45c  ± 0.42 128.96b  ± 0.2 126.9c  ± 0.54 

Specific loaf volume (ml g-1) 4.43b ± 0.12 5.47a ± 0.16 4.63b ± 0.15 5.27a ± 0.084 
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 Figure 1. Bread derived from wheat flour of Iranian cultivars 
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Table 2. Ranking matrix and final ranks of the Iranian wheat cultivars  

Characteristics Sepahan Morvarid Parsi Sardari 

Wet gluten (%) 3 2 1 1 

Protein (%) 1 4 2 3 

Zeleny sedimentation value (ml) 1 3 2 2 

Water absorption (%) 3 1 2 2 

Development time (min) 1 3 1 2 

Stability (min) 1 4 2 3 

Farinograph quality number 1 4 2 3 

Specific loaf volume (cm3 g-1) 1 2 2 1 

Sum of rank 12 23 14 17 

Average rank 1.50 2.87 1.75 2.12 

Final rank 4 1 3 2 
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Figure 2. Relative expression levels of conserved miRNAs at two grain developmental stages in four Iranian 

bread wheat cultivars. The transcript levels of genes were determined in whole developing seed at 10 and 20 

days after anthesis (DAA) by qRT-PCR. The cultivars had different quality of bread-making and were ranked 

from lower to higher quality as Sepahan < Parsi < Sardari < Morvarid. Data are mean of the three replications 

and Actin gene of wheat was used as internal control to normalize the expression level of genes. 
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Table 3. The primer sequences used in this study 

Name 

Primer sequence 

(5ʹ→3ʹ) 

Stem-loop qRT-PCR primer  Forward primer  Reverses primer 

miR159a GAAAGAAGGCGAGGAGCAGATCGAGGAA

GAAGACGGAAGAATGTGCGTCTCGCCTTC

TTTCCAGAGCTC 

GCAGTTTGGA

TTGAAGGGA 
 

CGAGGAAGAAG

ACGGAAGAAT 

miR396c 

 

GAAAGAAGGCGAGGAGCAGATCGAGGAA

GAAGACGGAAGAATGTGCGTCTCGCCTTC

TTTCTAGTTCAA 

CAGTTCCACA

GCTTTCTTGA 
 

CGAGGAAGAAG

ACGGAAGAAT  

miR164a 

 

GAAAGAAGGCGAGGAGCAGATCGAGGAA

GAAGACGGAAGAATGTGCGTCTCGCCTTC

TTTCTGCACGTG 

GTGGAGAAGC

AGGGCA 
 

CGAGGAAGAAG

ACGGAAGAAT  

miR172a 

 

GAAAGAAGGCGAGGAGCAGATCGAGGAA

GAAGACGGAAGAATGTGCGTCTCGCCTTC

TTTCTGCAGCAT 

CGCAGAGAATC

TTGATGATGC 

 

CGAGGAAGAAG

ACGGAAGAAT  

miR827a GAAAGAAGGCGAGGAGCAGATCGAGGAA

GAAGACGGAAGAATGTGCGTCTCGCCTTC

TTTCTGTTTGCT 

GCAGTTAGATG

ACCATCAGCA 

 

CGAGGAAGAAG

ACGGAAGAAT 

actin 
 

AAGATGACCCA

GATTATG 

AGAACGATACC

AGTAGTA 
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Abstract 
The bread wheat (Triticum aestivum) quality is highly dependent on the presence and composition 

of the gluten proteins in the grain. In this research, bread-making quality of four Iranian bread wheat 

cultivars (Morvarid, Sardari, Parsi, and Sepahan) was ranked from the highest to lowest based on 

farinographic and chemical analyses of the wheat flour and bread specific volume. To identify and 

compare miRNAs involved in grain development between Iranian wheat cultivars with good and poor 

bread-making quality, RNA-seq data of seven wheat cultivars (four cultivars with good quality and three 

with poor) at two grain developmental stages were downloaded and analyzed from the NCBI database. 

Five conserved miRNAs were selected from the identified miRNAs and their expression pattern at two 

grain developmental stages (10 and 20 days after anthesis) were evaluated in four Iranian wheat cultivars 

using Real Time PCR. The results showed that the expression pattern of miR159a, miR164a, miR172a 

and miR827a during grain development in all studied cultivars had an increasing trend, while the 

expression pattern of miR396c showed a decreasing trend. miR164a and miR396c showed the highest 

and lowest relative expression in Sepahan and Morvarid (with the lowest and highest 1000-grain 

weight), respectively, which can be due to their negative regulatory roles on grain size. Also, with 

increasing the baking quality of the studied cultivars, the relative expression of miR159a and miR172a 

involved in the synthesis of starch and grain storage proteins, respectively, reduced and the expression 

of miR827a involved in the remobilization of nitrogen from leaves to grains, increased indicating 

negative effects of miR159a and miR172a and positive effect of miR827a on the bread-making quality 

of wheat cultivars. 
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