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ABSTRACT  

Late Embryogenesis abundant protein has a crucial role as the cold-acclimation process in the wheat. 

These proteins encoded by TaWdhn13 gene. This gene is transcriptionally activated and produces the accumu-

lated proteins and metabolites and protection cell structure from freezing damage. The objectives of this study 
were to isolate the genomic DNA (g-DNA) sequence of TaWdhn13, to analyze structure, conserved domains 

of the gene, and to found a basis for association analysis of the functional sites associated with computational 

analysis. We here report on the functional assignment to TaWdhn13 gene by computational analysis. The 
Three-Dimensional (3D) model of LEA protein drawing by using the phyre 2 server. For identify the con-

served domain and motif of these gene sequence we used the Conserved Domain Database and DNA Motif 

Searching Database, however, the conserved domains and motif has been recognized. The results showed 
TaWdhn13 conserved domain incudes: Dehydrin superfamily. Also, motifs structure for this gene includes: 

2FE2S_FER_1 Motif, INTEGRIN_BETA Motif, VWFC_1 Motif, EGF_1 Motif and DEFENSIN Motif. Our 

results reveal that group 2 LEA proteins are most likely to function within the cell nucleus. The analysis of 
protein property showed that the protein had no trans-membrane domains. The isoelectric point of the protein 

was 3.41, which was charged with 5.34 negative electrons when pH value of the buffer was 7.0. 
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INTRODUCTION 

During the late maturation stage of seed development, water content de-

creases greatly (Kobayashi et al. 2007 ; Alsheikh et al. 2003; Babu et al. 2004; 

Baker et al. (1988) ; Cheng et al. 2002). One of the most striking characteristics 
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of mature orthodox seeds is their ability to withstand severe desiccation 

(Alsheikh et al. 2003). Mechanisms of plant drought/desiccation tolerance have 

been studied by numerous groups, and a broad range of molecules have been 

identified to play some roles (Eom et al. 1996.; Hu, 2008; Wu et al. 2013; 

Battaglia et al.  2008; Bray, 2002). Examples are proline, oligosaccharide, and 

late embryogenesis abundant (LEA) proteins, and so on. LEA proteins were 

first described from mature cotton seeds decades ago. Since then, many LEA 

proteins were identified from vascular (Battaglia et al.  2008) and nonvascular 

plants, fungi, algae, and microbes, as well as anhydrobiotic animals such as pro-

tozoa, nematodes, insects, and crustaceans, and so on (Babu et al. 2004, Koag et 

al. 2003). The extensive distribution of LEA genes among diverse taxa implies 

that these genes might be primitive yet important and therefore maintained by 

these species. As a result of evolution, they may have a certain universal func-

tion—osmoprotection (Jeffrey et al.  1993). Hydrophilic LEA proteins are 

members of natively unfolded proteins in solution. After the removal of bulk 

cytoplasmic water, the structures of LEA proteins undergo desiccation induced 

folding (Kalemba and  Pukacka, 2007). These biophysical features suggest that 

LEA proteins may carry out a bipartite function under different water states. 

During drought (Kobayashi et al. 2007 ; Alsheikh et al. 2003; Babu et al. 2004), 

LEA proteins may establish a water shell and decrease ion strength. After desic-

cation, they may enhance the bioglass strength and act as a water replacement to 

stabilize cellular components (Liu et al. 1998 ; Rajesh et al. 2008; Rasouli et al. 

2013; Simon et al. 2009; Zhu et al. 2007). 

MATERIAL AND METHODS 

Plants Materials 

A total of 3 cultivar of bread wheat were used to represent some of the diver-

sity currently available. These cultivars were subdivided into 3 clusters, which 

consisted of Marvdasht, Azar 2 and Alborz cross. 

DNA purification 

Plants were grown for DNA isolation in the greenhouse and leaves were har-

vested 3 weeks after germination. DNA was extracted from different cultivar of 

bread wheat includes Marvdasht, Azar 2 and Alborz cross by using the CTAB 

protocol. Quantification of DNA was done using a Beckman Coulter DU-800 

spectrophotometer to measure absorbance at 260 nm and 280 nm to determine 

the concentration. 

 

 

 



 Computional Analysis of Group 2 Embryogenesis Protein (LEA) in different… 17 

Custom Primers 

Custom primers with similar melting points were designed to amplify and 

sequence the TaWdhn13 gene using Primer 3 program, http://

biotools.unmassmed.edu/bioapps/primer3_www.cgi. Delta G values for 

homodimer, heterodimer, and hairpin loops were determined using OligoAna-

lyzer 4.0, http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/, by 

Integrated DNA Technologies.Custom primers (Table 1) were designed to am-

plify segment of the TaWdhn13 CDs 385 bp.  

Table 1 

Sequence of PCR primers 

 

PCR amplification with Pwo DNA polymerases 

PCR reagents and protocol were used at listed concentrations in 25 μL reac-

tions. A magnesium curve from 2 mM to 4 mM was performed to identify opti-

mal reaction conditions for High Fidelity Pwo DNA Polymerase. 1 μL of 575 

ng/μL genomic template DNA was used in each reaction. A negative control 

without template DNA was performed in order to identify any potential errors. 

PCR was performed under varying conditions until successful. PCR amplifica-

tion of the TaWdhn13 was accomplished using the following program: 

Initiation Denaturing Temperature at 94oC for 4 minutes. 

 For 35 cycle: 

 Denaturing Temperature at 94oC for 30 seconds. 

 Annealing Temperature at 60oC for 60 seconds. 

 Extension Temperature at 72oC for 90 seconds. 

 Final Extension Temperature at 72oC for 10 minutes. 

 Sample hold at 4oC. 

Gel Electrophoresis 

Gel electrophoresis was used to visually confirm the presence of PCR prod-

ucts. 1% agarose gel (Sigma-Aldrich) was cast using 0.5X TBE buffer and 

Ethidium Bromide (EB) (Sigma-Aldrich, CAS Number 1239-45-8) 

1.5mL/45mL gel was added to stain the gel. 6X loading dye were added to each 

sample at appropriate dilutions. Banding lengths were determined by compari-

son to the 1 Kb plus Ladder by Invitrogen® (Carlsbad, California, USA). Gels 

were typically run at 110 V, until banding patterns were evident. 

Forward 5’-TAGGGACAAGTTGAGGGCAAG-3’ 

Reverse 5’-CTGGGCTTAGTGCTGTCCAG-3’ 

http://biotools.unmassmed.edu/bioapps/primer3_www.cgi
http://biotools.unmassmed.edu/bioapps/primer3_www.cgi
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Sequence Analysis of TaWdhn13 gene  

Isolated DNA from different cultivar of bread wheat includes Marvdasht, 

Azar 2 and Alborz cross was sequenced at BIONEER (in Korean) CO, using 

M13 Forward and Reverse primers, as well as designed custom sequencing 

primers. The PCR product with the fewest number of mutations furthest away 

from the start codon was selected for further experimentation. After the direc-

tion of the sequence to analysis the TaWdhn13 gene we used the NCBI data-

base. 

Data sets 

The peptide sequence from TaWdhn13 gene generated by ExPasy database, 

http//:web.expasy.org/translate. Structurally homologous subsets of the experi-

mentally determined 3D structures of the LEA proteins were retrieved from 

PDB and Phyre 2 and HMMER databases. To identify conserved domain, we 

used the Conserved domain database (http://www.ncbi.nlm.nih.gov/Structure/

cdd/wrpsb.cgi). To analyze the nucleotide sequence we searched for the motifs 

and the motif search software (http://www.genome.jp/tools/motif) was used to 

identify the motifs in nucleotide sequence. Sequence similarities were examined 

with the GenBank/EMBL database using the BLAST program (http:// 

blast.ncbi.nlm.nih.gov/Blast.cgi). For nucleic acid and amino acid sequence 

alignment ClustalW1.8 software (http://searchlauncher.bcm.tmc.edu/multi-

align/multi-align.html) was used. Analysis of hydropathy of deduced group 2 

LEA proteins was done as described by (Kyte and Doolittle, 1982). For protein 

localization analysis PSORT (http://psort.ims.u-tokyo.ac.jp/) program was used. 

Phylogenetic relationship was analyzed by multiple alignments of plant LEA 2 

g-DNA using ClustalW program (http://www.ebi.ac.uk/clustalw/). 

RESULTS 

Full length sequence of TaWdhn13 from genomic DNA 

Using PCR-based walking method, the core region and the upstream and 

downstream flanking regions of TaWdhn13 gene were amplified. The full 

length of TaWdhn13 gene was 2408 bp. The length of the sequence from the 

start codon to the stop codon was 375 bp. The genomic sequence of this gene 

has been submitted to GenBank (accession number: in submitting). The single 

nucleotide polymorphisms (SNPs) and the indels of the nonallelic specific se-

quence were aligned between the TaWdhn13 gene and the sequences of other 

Dehydrin gene, in NCBI database. The consensus sequences proved to be the 

genomic sequence of TaWdhn13 gene. multiple sequence alignment showed 

(Fig. 1A) that the deduced genomic sequence of Marvdasht cultivar and Azar 2 
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cultivar sequence has 98% similarity between each other and shares about 90% 

similarity with Wdhn13 gene sequence in NCBI data base (Fig. 1B). 

Fig 1. In silico analysis of TaWdhn13 gene in different cultivar of wheat. (A) Comparison of deduced  

genomic sequence of TaWdhn13 gene in different cultivar of wheat. (B) Phylogenetic  

analysis of TaWdhn13 gene from different cultivar of bread wheat. 

Gene structure 

Sequence analysis of TaWdhn13 gene revealed that the full length of the open reading 

frame, from the start codon ATG to the stop codon TAA, was 405 bp, which contained 

1 exon (Fig. 2) 

Fig 2. Structure of TaWdhn13 gene in bread wheat. 

Protein property and conserved domains 

LAE protein encoded by TaWdhn13 consisted of 124 amino acids with the 

molecular weight of 8.2 kD. The analysis of protein property showed that the 

protein had no trans-membrane domains. The isoelectric point of the protein 
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was 3.41, which was charged with 5.34 negative electrons when pH value of the 

buffer was 7.0. Conserved domain search analysis showed that pfam domain 

pfam00257 (E-value, 3e-04) was found from 1 to 73 amino acid of the predi-

cated LEA protein in different cultivar of bread wheat in the present study. Pre-

dicted proteins of group 2 LEA protein in different cultivar of wheat showed 

preponderance of Gly, Thr, Ala and Glu that constitute 18, 17, 10 and 7.5%, 

respectively, but lack Trp and Cys. Hydropathy analysis showed that the pre-

dicted group 2 LEA protein in the present study is a hydrophilic protein (Fig. 

3A). 

Fig. 3. Hydropathy and motif and phylogenetic analysis of LEA protein sequence. (A) Kyte and Doolittle 

hydropathy analysis of LEA 2 protein in present study. The first box contains the missing amino acids  
of LEA protein in the present study, the second box is the retained amino acids of LEA protein  

in NCBI. (B) Similarity alignment search of LEA protein sequence. (C) Phylogenetic  

analysis of group 2 LEA proteins from different plant species. 
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Phylogenetic analysis of pfam00257 containing plant proteins revealed those 

LEA 2 proteins from Lophopyrum eleganthum (AAC05923.1), Hordeum vul-

gare (AGT62697.1) and other species in the present study. Group 2 LEA pro-

tein sequence in Azar 2 cultivar is closer to LEA 2 in NCBI database Fig. 3C).  

Prediction 3-dimensional structure of LEA 

Comparative modeling to build 3D structure of the LEA protein was made 

based on the experimentally solved structural homologous (Fig. 4B). The amino 

acid sequences of LEA protein in from different cultivar of bread wheat in-

cludes Marvdasht, Azar 2 and Alborz cross were submitted to Phyre 2 server. 

The atomic coordinates for the proteins were generated based on Hidden 

Markov Model in the HMMER database. Secondary structure analysis showed 

that about 19% of amino acid residues in LEA protein forms helix (Fig. 4A). 

PSORT analysis revealed that wheat LEA protein has a bipartite nuclear local-

ization signal (Kyte and Doolittle, 1982), KIKDKLPG (Fig. 4C).  

Fig. 4. In silico analysis sequence of the LEA protein in different cultivar of bread wheat. (A) Secondary  
structure of LEA protein. (B) 3-Dimensional structure of the LEA protein Ribbon view of LEA  

structure for residues 1-96. The N and C termini of the protein are labeled. (C) Position  

of conserved motif in LEA protein sequence in different cultivar of wheat  

includes Marvdasht (1), Azar 2 (2) and Alborz cross (3). 
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Ramachandran plot of the protein models 

A Ramachandran plot is a way to visualize backbone dihedral angles ψ 

against φ of amino acid residues in protein structure (Kendrew et al. 1960). The 

Phi/Psi angles of the amino acids that determine the secondary structural prop-

erty of the hypothetical proteins were computed and represented as 

Ramachandran plot (Pauling et al. 1951). The residues were classified accord-

ing to its regions in the quadrangle (Fig. 5). Both right- and left-handed helices 

lie in regions of allowed conformations in the Ramachandran diagram. How-

ever, essentially all a helices in LEA protein is right-handed. 

Fig. 5. Ramachandran plot of LEA protein in different cultivar of bread wheat. The plot calculation  

was done with VMD software. A) Ramachandran plot B) a-helix C) amino acids residue.  

Conserved domain 

 Our results showed TaWdhn13 gene conserved domain incudes: Dehydrin 

superfamily (pfam00257) (Fig. 6). 
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Fig. 6. Conserved domain and sequence for TaWdhn13 gene in different cultivar of wheat. (A) Marvdasht  
cultivar. (B) Azar 2 cultivar. (C) Alborz-cross cultivar. In this picture No. 1 reveal  

the conserved sequences and No. 2 reveal the conserved domain. 

Motif structure 

In silico analysis showed the motif structure for this gene includes (Fig. 7 and 

Table 2):  

a. 2FE-2S_FER_1 Motif, or ferredoxins, iron-sulfur binding region sig-

nature. Motif 2Fe-2S is a structural motif, from the comparison of the 

coding proteins between rice and spinach chlorine monooxygenase 

(CMOs), rice CMO potentially shares two conservative motifs includ-

ing a Rieske-type [2Fe-2S] (Marwa et al. 2011) cluster and 

a mononuclear non-heme Fe binding sequence. These motifs are con-

sidered to be essential for the function of CMO (Marwa et al. 2011). 

b. INTEGRIN_BETA Motif. Integrins areexpressed on the cell surface as 

a noncovalently linked heterodimer consisting of α and β subunit, 

which conveys specificity in cell-cell adhesion, cell–extracellular ma-

trix (ECM) adhesion, immune cell recruitment, extravasation, and sig-

naling (Adam et al. 2004). 

c. VWFC_1 Motif. VWFC motif has conserved cysteine which was 

found in many cereal crops like rice (Fan et al. 2006). 

d. EGF_1 Motif. The EGF_1 motif or EGF-like domain signature 1 is an 

evolutionary conserved protein domain, which derives its name from 

the epidermal growth factor where it was first described. It comprises 
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about 30 to 40 amino-acid residues and has been found in a large num-

ber of mostly animal proteins (Downing et al. 1996). 

e. DEFENSIN Motif. Defensins motifs are small Cysteine-rich cationic 

proteins found in both vertebrates and invertebrates. They have also 

been reported in plants. They are, and function as, host defense pep-

tides. They are active against bacteria, fungi and many enveloped and 

nonenveloped viruses (Selsted et al. 1985). 

 

Table 2 

Location and sequence to identified motifs in the TaWdhn13 gene in different cultivar of bread wheat 

 

Fig. 7. Map of the motif structure sequence in the TaWdhn13 gene in different cultivar of bread wheat. 

Conserved motifs in TaWdhn13 gene  

Finally, four conserved motifs, accgGTTGGCACGTAcgg, ggaCACACcgg 

and gGTGATCAc and aGCACca were found in the sequence of this gene 

(Fig. 8). 
 

 

 

 

 

 

 

 

 

Symbol Location Motif 

  95-106 EGF_1 

  20-33 INTEGRIN_BETA 

  61-109 

VWFC_1 

  229-283 

  230-283 

  235-283 

  377-402 

  372-380 2FE2S_FER_1 

  380-408 DEFENSIN 



 Computional Analysis of Group 2 Embryogenesis Protein (LEA) in different… 25 

Fig. 8. WebLogo plot of consensus motif in this sequence 

DISCUSSION 

The fast and reliable method to obtain the full-length genomic sequence of 

TaWdhn13 gene might be from genome sequencing. Prediction of 3D structure 

of a protein molecule signifies an important step towards understanding the 

structure–function relationships in the concerned protein family (Attwood and 

Parry-Smith, 2005). After 32 years since the first LEA protein discovered (Babu 

et al. 2004), the molecular functions and mechanisms of most LEA. proteins 

remain largely unknown (Baker et al. (1988)) LEA proteins are widely assumed 

to play a role in cellular dehydration tolerance and in controlling water uptake 

during imbibition (Babu et al. 2004). In the present study, model of LEA pro-

tein in the different cultivar of bread wheat was generated from the Phyre 2 

server, based on the Structural homologues derived from the HMMER and pro-

tein databanks. The generated model could be helpful in understanding func-

tional characteristics of this important class of desiccation tolerant protein. 

The homology model of plant LEA proteins, generated in this study, could ex-

tend investigations at determining the mechanistic function of important class of 

proteins. LEA proteins have been found in phylogenetically distant organisms 

and have always been related to abiotic stress tolerance, especially desiccation 

tolerance. However, no unifying concept for their physiological role(s) and 

modes of action has been attained so far. In this study a total of 5 motifs struc-

ture and one conserved domain identified in TaWdhn13 gene sequence in differ-

ent of bread wheat cultivar. In conclusion, these results confirm the importance 

of the 7-amino acid motif repeat units and hydrophilicity of the group 2 LEA 

protein. 
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