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Abstract
In this study, full-length (1282–1330 bp) α-expansin 1 (EXPA1) gene from three different accessions belonging to Saccharum 
complex (Saccharum officinarum—SoEXPA1, Erianthus arundinaceus—EaEXPA1, and Saccharum spp. hybrid—ShEXPA1) 
was isolated using RAGE technique and characterized. The intronic and coding regions of isolated expansin genes ranged 
between 526–568 and 756–762 bp, respectively. An open reading frame encoding a polypeptide of 252 amino acids was 
obtained from S. officinarum and commercial sugarcane hybrid, whereas 254 amino acids were obtained in E. arundina-
ceus, a wild relative of Saccharum. Bioinformatics analysis of deduced protein revealed the presence of specific signature 
sequences and conserved amino acid residues crucial for the functioning of the protein. The predicted physicochemical 
characterization showed that the protein is stable in nature with instability index (II) value less than 40 and also clearly shown 
the dominance of random coil in the protein structure. Phylogenetic analysis revealed high conservation of EXPA1 among 
Saccharum complex and related crop species, Sorghum bicolor and Zea mays. The docking study of EXPA1 protein showed 
the interaction with xylose, which is present in xyloglucan of plant cell wall, elucidated the role of the expansin proteins 
in plant cell wall modification. This was further supported by the subcellular localization experiment in which it is clearly 
seen that the expansin protein localizes in the cell wall. Relative expression analysis of EXPA1 gene in Saccharum complex 
during drought stress showed high expression of the EaEXPA1 in comparison with SoEXPA1 and ShEXPA1 indicating pos-
sible role of EaEXPA1 in increased water-deficit stress tolerance in E. arundinaceus. These results suggest the potential use 
of EXPA1 for increasing the water-deficient stress tolerance levels in crop plants.
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Introduction

Cell wall is a distinctive feature of plant cell, and its major 
functions are to determine cell structure, provide tensile 
strength and protect against mechanical and osmotic stress. 
Expansin protein loosens and softens the cell wall through a 
non-enzymatic mechanism which is set off by inducing the 
reversible slippage of cellulose microfibrils in the plant cell 
wall (Cosgrove 2000a). Expansin proteins are relatively con-
served, and typical mature protein has a molecular weight 
of ~ 25–30 kDa, which corresponds to 250–300 amino acids. 
They are classified into four families, namely α-expansin 
(EXPA), β-expansin (EXPB), expansin-like A (EXLA) and 
expansin-like B (EXLB), and reported to be involved in cell 
enlargement and in a variety of other developmental pro-
cesses in which cell wall modification occurs (Sampedro 
et al. 2005a, b). Expansins not only help in cell growth but 
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also play a part during biotic and abiotic stress conditions in 
plants (Sun et al. 2011). However, the precise mechanism by 
which this occurs remains unclear.

Since its first isolation in 1992 from cucumber, there is 
continuous isolation of expansin genes from different plants 
such as tobacco, maize and rice. There are limited studies 
showing the involvement of expansin genes in growth of 
the plant and its involvement in different abiotic stresses. 
In Arabidopsis thaliana, it was studied and proved that the 
EXPA7 was involved and required in root hair growth (Lin 
et al. 2011). Expression of EXPA1 gene is high in young 
growing potato tubers (Jung et al. 2010) and high in sta-
men filaments, gynoecium styles and expanding leaves in 
Gladiolus grandiflorus (Azeez et al. 2010) that shows its 
involvement in organ development of the plant. EXPA1 
gene is highly expressed during drought stress condition 
compared to two other α-expansins (EXPA2 and EXPA3) in 
Craterostigma plantagineum (Jones and McQueen-Mason 
2004). During abiotic stresses such as salinity, drought, 
cold and heat, the transcript level of EXPA1, EXPA4 and 
EXPA5 genes in Nicotiana tabacum increases (Kuluev et al. 
2016). There was a significant increase in expression level 
of EXPA1 gene during heat stress in Agrostis grass species 
(Xu et al. 2007). Few reports have shown that expansins 
are involved in plant adaptation during environmental stress 
condition by regulating the cell expansion and the cell 
growth (Wu and Cosgrove 2000; Wu et al. 2001; Yang et al. 
2004). More recently, overexpression of OsEXPA10 in rice 
resulted in increased plant height and enhanced tolerance to 
diseases (Tan et al. 2018).

Sugarcane, belonging to genus Saccharum, comes under 
Poaceae family along with Zea mays and Sorghum bicolor. 
The Saccharum genus and other closely related genera 
such as Erianthus, Miscanthus, Narenga and Sclerostachya 
constitute an interbreeding group which is assumed to be 
involved in the origin of sugarcane and thus referred to 
as the “Saccharum complex” (Mukherjee 1957). In one 
of the earlier reports, different accessions from Saccha-
rum complex were analyzed for better drought tolerance 
and it was observed that the Erianthus arundinaceus IK 
76-81 possessed many of the physiological and molecular 
parameters of drought-tolerant characteristics (Augustine 
et al. 2015). Also in that study, real-time PCR expression 
analysis using the primers designed by previously isolated 
EXPA1 gene from Zea mays and Oryza sativa was carried 
out between Erianthus arundinaceus IK 76-81 and com-
mercial Co 86032. The expression of EXPA1 was higher 
in Erianthus arundinaceus IK 76-81 when compared to 
Co 86032 during drought stress. It was suggested that IK 
76-81 is a drought tolerance accession which can be used 
in sugarcane crop improvement and the expansin gene can 
be a good candidate gene for drought tolerance develop-
ment (Augustine et al. 2015). Sugarcane, an important 

commercial crop, faces a severe threat because of water-
deficit stress. Owing to increasing importance of drought 
tolerance required in sugarcane, in this study for the first 
time α-expansin 1 (EXPA1) gene from three different 
accessions of Saccharum complex, viz. S. officinarum—
SoEXPA1, E. arundinaceus—EaEXPA1, and Saccharum 
spp commercial hybrid—ShEXPA1, was isolated and char-
acterized using bioinformatics analysis, homology mod-
eling and expression profile study during different time 
intervals of drought stress. The results may be helpful to 
discover drought resistance mechanism and for further 
improvement in commercial sugarcane varieties.

Materials and methods

Saccharum complex plant materials and growth 
conditions

Saccharum complex plant materials maintained in the gene 
bank at ICAR-Sugarcane Breeding Institute, Coimbatore, 
India, Erianthus arundinaceus IK 76-81, S. officinarum 
NG 77-18 and Saccharum spp. hybrid Co 86032 were used 
in this study. Co 86032 is a widely cultivated commercial 
sugarcane variety in tropical regions of India. E. arundi-
naceus IK 76-81 is a known drought-tolerant accession 
of wild sugarcane germplasm (Augustine et al. 2015). S. 
officinarum NG 77-18 is source for sucrose genes, and 
this had been successfully exploited in sugarcane improve-
ment programmes, and most of the present day commercial 
varieties are derivatives of interspecific hybrids involv-
ing S. officinarum. Single bud sett cuttings of these three 
accessions were planted in pots (45 cm × 40 cm) in 1:1:1 
mixture (sand, red soil and farm yard manure) and were 
grown under green house conditions (16-/8-h light and 
dark photoperiod). Young leaf tissues (third leaf from 
top) were harvested from 90-day-old plants and stored at 
− 80 °C until future use.

RNA isolation and cDNA preparation

Young leaves stored at − 80 °C were used for isolation of 
total RNA using TRIzol method. Genomic DNA contami-
nation was removed using RNA-free DNaseI (Invitrogen, 
USA). Quality of RNA was checked on 1.2% agarose gel 
and quantified using NanoDrop (Thermo Fisher Scientific 
Company, USA). About 1 μg of RNA samples was taken 
for cDNA synthesis using RevertAid First strand cDNA 
synthesis kit by following manufacturer’s instructions 
(Thermo Fisher Scientific Company, USA) (Chomczynski 
and Mackey 1995).
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Isolation and sequencing of EXPA1 from Saccharum 
complex

As this is the first study to isolate EXPA1 gene from Sac-
charum complex, the gene was isolated through RAGE 
technique by walking using primers developed from the 
conserved region of the α-expansin 1 from six differ-
ent plants: Oryza sativa (AF394543.1), Brassica juncea 
(GU222694.1), Zea mays (AF332169.1), Sorghum bicolor 
(XM_002456505.1), Triticum aestivum (AY485121.3) 
and Lycopersicon esculentum (U82123.1). EXPA1 gene 
sequence of these plant species was retrieved from NCBI 
GenBank. The gene was isolated from E. arundinaceus IK 
76-81, S. officinarum NG 77-18 and Saccharum spp. hybrid 
Co 86032 belonging to Saccharum complex. Genomic DNA 
was used for isolation of full-length EXPA1 gene, and cDNA 
was used as template to obtain the coding region of genes. 
Primer pairs used for PCR amplification are given in Sup-
plementary Table S1. PCR amplification was carried out 
as follows: initial denaturation of 4 min at 94 °C, 35 cycles 
(94 °C for 30 s, 61 °C for 30 s, 72 °C for 1 min) and final 
extension of 10 min at 72 °C. PCR product was analyzed on 
1.2% agarose gel, and desired DNA fragment was purified 
using the MEGA quick-spin™ PCR and Agarose Gel DNA 
Extraction System (Intron Biotechnology INC., Korea). 
Eluted fragment was ligated into pTZ57R/T vector, and the 
ligated product was mobilized into Escherichia coli DH5α 
cells using InsTA Clone™ PCR cloning kit (Fermentas). 
Recombinant plasmid was isolated using QIAprep Spin 
Miniprep Plasmid isolation kit (Qiagen, Germany) and was 
sequenced by Sanger method. Primary analysis of obtained 
sequence was carried out by comparing the isolated genes 
with its closely related crops such as Z. mays and S. bicolor. 
To further confirm, obtained gene sequence was translated 
into protein using Expasy translate tool (https ://web.expas 
y.org/trans late/).

Bioinformatics and phylogenetic analysis

Expasy’s ProtParam server was used to compute physico-
chemical characterization (Gasteiger et al. 2005) such as the-
oretical molecular weight (MW), isoelectric point (pI), insta-
bility index (II) (Guruprasad et al. 1990), aliphatic index 
(AI) (Ikai 1980) and grand average hydropathy (GRAVY) 
(Kyte and Doolottle 1982). SignalP 4.1 server was used to 
detect the presence of signal peptide (Petersen et al. 2011) 
within the predicted protein encoded by the newly isolated 
gene from Saccharum complex. The predicted protein was 
also subjected to domain prediction using SMART server 
(http://smart .embl-heide lberg .de/). The multiple sequence 
alignments of isolated EXPA1 from Saccharum complex and 
their closely related species Z. mays and S. bicolor were 
generated by CLC workbench, and conserved motifs were 

analyzed. Secondary structure of expansins was predicted 
using different algorithms, viz. GOR IV (Garnier et al. 1996) 
(http://npsa-prabi .ibcp.fr/cgi-87bin /npsa_autom at.pl?page=/
NPSA/npsa_gor4.html), HNN (Guermeur 1997) (https ://
npsa-prabi .ibcp.fr/cgi-88bin /npsa_autom at.pl?page=/NPSA/
npsa _hnn.html) and PSIPRED Protein Sequence Analysis 
Workbench (McGuffin et al. 2000) (http://bioin f.cs.ucl.
ac.uk/psipr ed/) programs. RaptorX server was used for ter-
tiary structure prediction (Kallberg et al. 2012). Obtained 
tertiary structure was refined by energy minimization using 
3Drefine server. Quality of the refined model was evalu-
ated by the inspection of the Psi/Phi Ramachandran plot 
generated using RAMPAGE server (Lovell et al. 2003) and 
by Verify 3D of SAVES server (Bowie et al. 1991; Luthy 
et al. 1992). Verify 3D was used to determine or to test the 
compatibility of the 3D structure with its own amino acid 
sequence (1D). It determines the percentage of amino acid 
residues scored ≥ 0.2 in the 3D/1D profile.

Swissdock server, dedicated to docking of small mol-
ecules on the target proteins, was used for docking study 
(Grosdidier et al. 2011). Swissdock uses EADock algorithm 
to identify the binding sites of the ligands on the respective 
protein. Xylose, present in xyloglucan of the plant cell wall, 
was chosen as the ligand to study protein–ligand docking. 
Expansin protein plays a major role in plant cell wall modifi-
cation, and xylose is present in xyloglucan of plant cell wall 
which makes xylose as an ideal ligand for protein–ligand 
docking study. The predicted and refined expansin tertiary 
structure was subjected to docking using xylose to study 
ligand–protein interaction (Basu and Sarkar 2014). Blind 
docking of the selected ligand (xylose) with expansin protein 
was carried out. The parameters selected for docking were 
“accurate” with no flexibility of side chain. The result was 
viewed and studied with the software UCSF Chimera (Pet-
tersen et al. 2004).

Phylogenetic analyses of newly isolated EXPA1 sequences 
along with EXPA1 gene sequences from different plants spe-
cies were performed. From NCBI database, EXPA1 gene 
from different plants species was retrieved, and along with 
the newly isolated EXPA1 sequences the phylogenetic tree 
was constructed using molecular evolutionary genetic analy-
sis version 6 (MEGA6) software (Tamura et al. 2013).

Subcellular localization

A construct for subcellular localization of EaEXPA1 was 
prepared using pCAMBIA1302 as a vector. The vector 
pCAMBIA1302 contains mGFP5 (modified GFP5), a vari-
ant of green fluorescent protein (GFP). For better expres-
sion of GFP in transformed cells, researchers have altered 
cryptic intron in the wild GFP to produce different vari-
ants of GFP such as enhanced GFP (EGFP), cycle 3 GFP 
(GFPC3) and modified GFP5 (mGFP5). The mGFP5 is 

https://web.expasy.org/translate/
https://web.expasy.org/translate/
http://smart.embl-heidelberg.de/
http://npsa-prabi.ibcp.fr/cgi-87bin/npsa_automat.pl%3fpage%3d/NPSA/npsa_gor4.html
http://npsa-prabi.ibcp.fr/cgi-87bin/npsa_automat.pl%3fpage%3d/NPSA/npsa_gor4.html
https://npsa-prabi.ibcp.fr/cgi-88bin/npsa_automat.pl%3fpage%3d/NPSA/npsa
https://npsa-prabi.ibcp.fr/cgi-88bin/npsa_automat.pl%3fpage%3d/NPSA/npsa
https://npsa-prabi.ibcp.fr/cgi-88bin/npsa_automat.pl%3fpage%3d/NPSA/npsa
http://bioinf.cs.ucl.ac.uk/psipred/
http://bioinf.cs.ucl.ac.uk/psipred/
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made suitable for expression in plant cell with the following 
changes such as removal of cryptic plant intron; nucleotides 
were mutated to improve folding of the apoprotein during 
posttranslational maturation (V163A, S175G) and coupled 
with I167T mutation provide equalized UV and blue light 
excitation (Haseloff and Siemering 1998; Stewart 2001). The 
codon region of the gene EaEXPA1 was amplified without 
termination codon using specific primers (Supplementary 
Table S2). The amplified fragment was digested and fused 
in frame with mGFP5 under control of CaMV35S promoter 
using NcoI and SpeI restriction sites. The vector without the 
expansin gene was used as the control. Onion epidermal cell 
layers were peeled and placed inside up on the MS plates. 
The subcellular localization construct plasmid along with 
the control plasmid was bombarded after coating it on gold 
particle of size 1.5–3 μm using particle gun (PDS-1000/He; 
Bio-Rad) into onion epidermal cells. After 24 h of incuba-
tion in MS media at 25 °C in dark, the onion epidermal 
cells were observed under fluorescent microscope (EVOS 
FL, Life Technologies, USA) for GFP fluorescence (Chujo 
et al. 2007).

EXPA1 gene differential expression analysis 
during drought stress

Different accessions belonging to Saccharum complex, 
i.e., Saccharum spp. hybrid Co 86032 and E. arundina-
ceus IK 76-81, were vegetatively propagated using single 
bud setts in pots. Three-month-old plants were subjected 
to drought stress, and leaf samples from the middle part of 
fully expanded third leaf were collected for RNA isolation 
during 5th day, 10th day and 15th day of stress along with 
the sample of normal irrigated plant which acts as a control. 
Total RNA isolation and cDNA preparation were done as 
mentioned above. Gene (EXPA1)-specific primers, forward 
primer: ACG GCC ACC AAC TTCTG, and reverse primer: 
CGG TAC TGC GCG ATCTG, for real-time polymerase chain 
reaction were designed using Integrated DNA Technology 
(IDT) Server. Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) gene was used as the internal control (Park et al. 
2015; Selvarajan et al. 2018). All PCRs were performed for 
40 cycles (1 cycle at 95 °C for 10 min followed by 40 cycles 
of 95 °C for 15 s and 60 °C for 1 min and subsequently 1 
cycle of melt curve, 95 °C for 15 s, 60 °C for 1 min and 
95 °C for 15 s was followed) (Dharshini et al. 2016). qRT-
PCR was performed using MESAGREEN master mix and 
StepOne real-time PCR system (Applied Biosystems, Burl-
ington, Canada) as per the manufacturer’s instruction. The 
CT values for both the target and internal control genes were 
used for the quantification of transcripts by comparative CT 
method normalization. Later, the products were analyzed 
through melt curve analysis to check the specificity of PCR 
amplification. To minimize the error, each reaction was 

performed with three biological and three technical repli-
cates. The expression of target gene was calculated using 
the formula:  2−∆∆CT, where ∆∆CT = ∆CT sample − ∆CT 
GAPDH (Livak and Schmittgen 2001). ∆∆CT values reflect 
the relative expression of the target gene upon exposure to 
drought stress.

Statistical analysis

Statistical analysis of the expression analysis data was car-
ried out in three biological and three technical replicates. 
Student’s t test was performed, and the probability (P) 
value ≤ 0.05 was considered as statistically significant.

Results

Isolation and sequencing of EXPA1 from Saccahrum 
complex

Expansin (EXPA1) gene belonging to α-expansin family was 
isolated from Saccharum complex such as E. arundinaceus 
IK 76-81 (EaEXPA1), S. officinarum NG 77-18 (SoEXPA1) 
and Saccharum spp. hybrid Co 86032 (ShEXPA1) through 
RAGE technique. Full-length EXPA1 gene sequences of 
1282–1330 bp were obtained. The intron length of these 
three EXPA1 varied from 526 to 568 nucleotides while 
the complete coding region (exon region) transcript of 
756–762 bp was obtained with start codon (ATG) to stop 
codon (TGA). The EXPA1 coding region of NG 77-18 
(S. officinarum) and Co 86032 (Saccharum spp. hybrid) 
is 756 bp while coding region of EXPA1 isolated from IK 
76-81 (E. arundinaceus) is 762 bp. Isolated EXPA1 gene 
has two intron and three exon regions forming protein 
with amino acids ranging between 252 and 254. Details of 
EXPA1 genes isolated from Saccharum complex are given 
in Table 1.

Isolated EXPA1 gene showed high sequence homology 
between the three accessions of Saccharum complex and 
with its closely related crops Z. mays and S. bicolor. EXPA1 
showed more than 96% homology similarity between the 
Saccharum complex and its close counter parts in both CDS 
region and amino acid sequence. The highest homology 
(99.2%) in CDS region is between ShEXPA1 and EaEXPA1, 
whereas the lowest (95.9%) is between ShEXPA1 and Z. 
mays. EXPA1 isolated from sugarcane variety Co 86032 
showed higher nucleotide sequence similarity with NG 
77-18 than IK 76-81. In the translated amino acid sequence, 
the highest (99.6%) homology was recorded between Co 
86032 and NG 77-18 and the lowest (95.3%) homology 
was recorded between Z. mays and IK 76-81. Details of 
CDS and protein similarity percentage are given in Table 2. 
Full-length nucleotide sequence of EXPA1 was submitted 
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to NCBI GenBank database under the accession numbers 
KY550230, KY596114 and MG736917.

Bioinformatics and phylogentic analysis

Analysis of the sequences using SignalP 4.1 server revealed 
a cleavage site in between the residue numbers 24 and 25 
in all the expansins that have been reported in this study. 
Domain analysis using SMART server showed the pres-
ence of two domains. The first domain is the N-terminal 
domain which consists of six-stranded Double-psi beta-
barrel (DPBB) which is similar to that of family 45 of gly-
cosyl hydrolases (GH45). Hence, this N-terminal domain 
is often described as GH45-like. After the N-terminal 
domain is the second domain, namely C-terminal domain, 
which is in homology with grass pollen allergens, having 
β-sandwich fold. In EaEXPA1, the N-terminal domain starts 
from 66th amino acid and ends at 151th amino acid, whereas 
in SoEXPA1 and ShEXPA1 it is from 64th to 149th amino 
acids. The C-terminal domain in EaEXPA1 is from 162th 
amino acid till 239th amino acids, and in other two acces-
sions it is from 160th to 237th amino acid.

Multiple sequence alignment analysis using CLC work-
bench was able to identify conserved motif and residues in 
EXPA1 protein. There is conserved His-Phe-Asp (HFD) 
motif in the center region and one conserved tryptophan (W) 
residue at N-terminal; meanwhile, there are four tryptophans 
(W) residue at the C-terminal. A total of eight conserved 
cysteine (C) residues were recognized, of which seven are in 
N-terminal and one in C-terminal region (Fig. 1). Expasy’s 
ProtParam analysis revealed that the molecular weight of all 
the three isolated expansin proteins exceeds 26500 daltons, 
theoretical pI of EaEXPA1 was 5.87, while ShEXPA1 and 
SoEXPA1 recorded 5.69. EXPA1 protein from these three 
accessions is stable with score < 40 in instability index (II) 

(Guruprasad et al. 1990). EXPA1 protein shows low GRAVY 
index which infers that the protein could interact better 
with water as it will be less hydrophobic in nature. Lower 
GRAVY index of EXPA1 from E. arundinaceus suggests 
that this could interact better to maintain water balance in 
plant. The details of physicochemical characterization are 
shown in Table 3. Secondary structure of EXPA1 predicted 
using GORIV, HNN and Psipred revealed the dominance of 
random coils (62% to 66%) followed by extended strands 
(18% to 27%) and α-helices (6% to 18%) (Supplementary 
Table S3).

Tertiary structure of the protein was predicted using Rap-
torX server (Fig. 2). The 3Drefine server refines the tertiary 
structure by optimization of hydrogen bonding network 
combined with atomic-level energy minimization on the 
optimized model using a composite physics and knowledge-
based force fields (Bhattacharya et al. 2016). These struc-
tures were further evaluated using Ramachandran plot by 
RAMPAGE server (Supplementary Fig. 1) and Verify 3D 
(SAVES server). In all the three accessions, after the model 
was energy minimized, it was seen in Ramachandran plot 
that the favored region is more than 90%. Better results were 
seen both in Ramachandran plot and in Verify 3D before and 
after energy minimization. The purpose of Verify 3D is to 
determine or to test the compatibility of the atomic model 
(3D) with its own residue (1D) by assigning a structural 
class based on its location, environment and comparing the 
results to good structure (Eisenberg et al. 1997). With more 
than 80% of the amino acid having 3D/1D score ≥ 0.2 in Ver-
ify 3D, all the isolated expansins are reliable and compatible 
with its own sequence. Detailed results of Ramachandran 
plot and Verify 3D after energy minimization are given in 
Supplementary Table S4.

Protein–ligand of expansin protein (EXPA1) from all 
the accessions were successfully docked using xylose 

Table 1  α-Expansin family genes isolated from Saccharum complex

Expansin 
gene

Species clones Accession 
number

Full length 
(bp)

Intron 
(no)

Intron position Intron size 
(bp)

CDS 
(bp)

Protein 
(amino acid)

Intron 1 Intron 2

EaEXPA1 E. arundinaceus IK 76-81 KY550230 1330 2 146–249 563–1026 568 762 254
SoEXPA1 S. officinarum NG 77-18 KY596114 1282 2 140–248 562–978 526 756 252
ShEXPA1 Saccharum sp hybrid Co 86032 MG736917 1285 2 140–248 562–981 529 756 252

Table 2  Percentage of similarity 
in CDS region and protein 
among the Saccharum complex 
and to its closely related Zea 
mays and Sorghum bicolor 

Similarity (%) CDS Protein

Zea mays Sorghum 
bicolor

IK 76-81 NG 77-18 Zea mays Sorghum 
bicolor

IK 76-81 NG 77-18

IK 76-81 96.2 96.6 – 95.3 97.2 –
NG 77-18 96.2 97.6 97.9 – 96.0 98.0 99.2 –
Co 86032 95.9 97.4 97.6 99.2 95.7 97.6 98.8 99.6
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as ligand in swissdock server. Swissdock gave results in 
terms of full fitness and ΔG free energy of binding (Kcal/
mol). Docking generated around 80 binding clusters with 
different binding cavities; based on the best full fitness 
and best ΔG score the clusters were selected. The best full 
fitness for IK 76-81, NG 77-18 and Co 86032 is − 952.43, 
− 920.39 and − 845.13, respectively. The best ΔG Kcal/
mol is − 6.55, − 6.78 and − 6.66 for IK 76-81, NG 77-18 
and Co 86032, respectively. In all the three accessions, 
xylose forms two hydrogen bonds with EXPA1; in IK 
76-81 it forms H bonding between O1 atom of xylose and 

H atom of GLY193, and a second H bonding is formed 
between H9 atom of xylose and O atom of LEU215. In NG 
77-18, H bonding is formed between H8 atom of xylose 
and O atom of ASP74 and another is formed between H9 
atom of xylose and O atom of VAL184. In Co 86032, H7 
and H9 atom of Xylose forms H bond with VAL155 and 
GLY79, respectively. Visualization of the docking was 
carried out in UCSF Chimera (Pettersen et al. 2004) as 
shown in Fig. 3.

A total of 38 EXPA1 sequences of which 35 EXPA1 
sequences from different plant species retrieved from NCBI 

Fig. 1  Multiple sequence alignment using CLC workbench. The conserved regions, namely HFD, tryptophan (W) and cysteine (C) residues, are 
enclosed in boxes

Table 3  Physicochemical 
characterization of EXPA1 
protein from Saccharum 
complex

Expansin gene Molecular weight Theoretical pI Instability index (II) Aliphatic index GRAVY

IK 76-81 EXPA1 26804.83 5.87 33.33 (stable) 61.78 − 0.141
NG 77-18 EXPA1 26597.60 5.69 33.03 (stable) 62.27 − 0.133
Co 86032 EXPA1 26570.57 5.69 33.63 (stable) 62.27 − 0.123
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database and 3 EXPA1 isolated from Saccharum complex 
were used to construct a phylogenetic tree using MEGA6 
(Fig. 4). Phylogenic tree clearly showed that the newly iso-
lated EXPA1 genes from Saccharum complex make a sepa-
rate group with its close relatives Z. mays and S. bicolor.

Subcellular localization

Vector for subcellular localization was constructed using 
pCAMBIA1302 as backbone, in which EaEXPA1 gene 
was fused in frame with mGFP5 under the control of 
CaMV35S promoter using the restriction sites NcoI and 
SpeI (CaMV35S + EaEXPA1 + mGFP5). Fused construct 

Fig. 2  Tertiary structure model of IK 76-81 (a), Co 86032 (b) and NG 77-18 (c). Tertiary structure model was determined by RaptorX server

Fig. 3  Protein–ligand docking using Swissdock viewed in USCF Chi-
mera. a Xylose ligand. b Representation of docking in IK 76-81 using 
molecular back bone structure. c, d Protein–ligand interaction in NG 

77-18 and Co 86032 represented using sphere surface model repre-
sentation of protein–ligand interaction
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and control (CaMV35S + mGFP5) plasmids (Supplemen-
tary Fig. 2) were bombarded into onion epidermal cells. 
In control vector (CaMV35S + mGFP5), bombarded onion 
epidermal cells, the green fluorescent protein (GFP) fluo-
rescence was visualized throughout cells, whereas cells 
transformed with CaMV35S + EaEXPA1 + mGFP5 vector 
displayed a strong green fluorescence in cell walls and no 
fluorescence was detected in the other regions of the cell. 
The result shows that signal peptide in the gene EaEXPA1 
directs it to localize in the cell wall (Fig. 5).

EXPA1 is responsive to water‑deficit stress 
conditions

Expression of EXPA1 gene was studied in Saccharum com-
plex under water-deficit stress conditions. An increase in 

accumulation of EXPA1 transcripts when exposed to limited 
water conditions was observed. During drought stress, the 
relative expression of EXPA1 is higher in E. arundinaceus 
IK 76-81, a wild relative of sugarcane, than that of commer-
cial sugarcane variety Co 86032. Expression level of EXPA1 
gene increases gradually from 5th to 15th day of stress when 
compared to the control plants (0th day of stress). Expres-
sion of EXPA1 gene in Erianthus is two- to threefold higher 
when compared to commercial variety during stress (Fig. 6). 
Individual relative expression readings of all the three bio-
logical and three technical replicates are given in supple-
mentary Fig. 3. Morphological variation in both Saccharum 
spp. hybrid Co 86032 and E. arundinaceus IK 76-81 is well 
seen at different stages of the drought stress (Fig. 7). Among 

Fig. 4  Phylogenetic tree of 
38 EXPA1 sequence from dif-
ferent plants was constructed 
by Neighbor-Joining method 
with 1000 bootstrap replicates 
implemented in MEGA6. It is 
clearly seen that EXPA1 from 
Saccharum complex falls in 
a same cluster with its close 
relatives Z. mays and S. bicolor. 
This shows that EXPA1 is 
conserved in nature signifying 
lower evolution rate
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these accessions, the wild relative of sugarcane E. arundi-
naceus was able to withstand the drought better than that of 
commercial sugarcane Co 86032.

Discussion

In this study, α-expansin 1 (EXPA1) was isolated and charac-
terized in Saccharum complex. Multiple sequence analysis 
showed high homology, ranging from 95 to 99% CDS and 

protein similarity, both within the Saccharum complex and 
with its closely related crops, Z. mays and S. bicolor. The 
number of introns and exons is same as that of previously 
reported EXPA1 gene from different plant species (Harmer 
et al. 2002). High level of gene sequence similarities was 
observed between related species and genera in other crops 
(Lakhanpal et al. 2018). This showed the conserved nature 
of expansin genes in the closely related species or genera. 
It also revealed the presence of conserved HDF motif, five 
tryptophan and eight cysteine residues in α-expansin protein, 

Fig. 5  Subcellular localization of EaEXPA1 in epidermal onion cells. 
Both control plasmid (35  s + mGFP5) and EaEXPA1 fused with 
mGFP5 (35  s + EaEXPA1 + mGFP5) were bombarded in epidermal 
onion cells. Above figure shows propidium iodide staining (a, e), 

GFP fluorescence (b, f), bright field (c, g), merged picture with GFP 
fluorescence and bright field (d, h) in which the expression of the 
expansin gene in the cell wall can be clearly observed
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Fig. 6  Relative expression of 
EXPA1 gene during drought 
stress in Saccharum complex. 
The error bars indicate SD. 
*Indicates significant differ-
ence in expression between E. 
arundinaceus IK 76-81 and Co 
86032 during drought stress 
(P ≤ 0.05 by student T test)

Fig. 7  Morphological changes of the commercial Saccharum hybrid 
Co 86032 and Erianthus arundinaceus IK 76-81 during different days 
of drought stress. Morphological changes of Co 86032 under normal 

irrigation (a), 5th (b), 10th (c) and 15th (d) day of drought stress and 
Erianthus arundinaceous under normal irrigation (e), 5th (f), 10th (g) 
and 15th (h) day of drought, respectively
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the same as present in other plant species EXPA1 protein. 
High conservation of EXPA1 indicates the importance of 
structure–function relationship and low rate of evolution 
across species.

Physicochemical characterization was carried out in 
Expasy’s ProtParam server. Instability index (II) showed 
that EXPA1 protein of all the three accessions is stable as 
the instability index is < 40 and has a low GRAVY index 
which infers that the protein could interact better with water 
as it will be less hydrophobic in nature. Random coils play 
an important function in protein for flexibility and con-
formation changes such as enzymatic turnover (Buxbaum 
2007). The presence of large random coils in EXPA1 protein 
indicates that it might exhibit high flexibility and confor-
mation changes under stress conditions. 3-D structure of 
putative EXPA1 was in line with already known protein in 
other crops. Preservation of amino acids residues concerned 
substantiates that EXPA1 function is conserved through its 
structural features across species. Phylogenetic analyses 
revealed that expansin genes from Saccharum complex 
were in the same cluster with its close relatives Z. mays and 
S. bicolor. This showed that EXPA1 is conserved in nature 
signifying lower evolution rate. In a very recent study, a total 
of 92 expansin genes: 51 EXPA, 38 EXPB and three EXPLA 
were reported from sugarcane cultivar SP80-3280 (Santiago 
et al. 2018). These expansins also contain HFD conserved 
motif, two domains (N-terminal domain and pollen allergen 
C-terminal domain) and number of introns which coincide 
with the present study and findings. These conserved resi-
dues and motif such as HFD, cysteine (C) and tryptophan 
(W) residues were seen in expansin gene across the species 
(Choi et al. 2006).

The presence of signal peptide in the protein of the three 
isolated sugarcane expansins (EXPA1) was detected using 
SignalP4.1 server. The presence of the signal peptide in the 
sugarcane EXPA1 protein in the N- terminal domain region 
is in agreement with the earlier reported expansin proteins 
from other plant species (Cosgrove 2000a, b). The N-termi-
nal domain which is similar to family-45 glycosyl hydrolase 
and pollen allergen C-terminal domain was also present in 
previously reported expansin proteins (Cosgrove 2015). 
Thus, most of the regions of expansin protein are conserved 
and may be due to their important role in plant growth and 
development as indicated by Tan et al. (2018).

Xyloglucan is abundant hemicellulose in plant cell wall 
which is made up of glucose and xylose. Docking study of 
expansin protein by using xylose as a ligand suggests the 
interaction between the protein and cell wall. This explains 
the possible interaction and its involvement in cell wall loos-
ening. Subcellular localization also proves that the EXPA1 
protein is localized in cell wall of plant. Expansin localized 
to cell wall is also observed in other expansins isolated from 
different species (Vannerum et al. 2011; Zenoni et al. 2011). 

The presence of a signal peptide, the docking study and the 
subcellular localization study evidence the possible interac-
tion of EaEXPA1 with plant cell wall.

The gene’s expression level varies during different levels 
of water-deficit stress conditions. The wild species, E. arun-
dinaceus, had higher EXPA1 gene expression under water-
deficit stress conditions than the commercial variety which 
had the lower expression of the gene. The higher expression 
of expansin gene in E. arundinaceus might have helped the 
cell to maintain its flexibility under water-deficit condition 
which in turn helps the plant survive under abiotic stress 
condition as noticed in other crops (Lu et al. 2013). This 
analysis revealed that EXPA1 could play an important role in 
regulation during drought stress. Moreover, E. arundinaceus 
has a lowest GRAVY index, suggesting that this EXPA1 in 
E. arundinaceus might interact better with water and helps 
to maintain the water balance in plant. It was earlier seen in 
different reports that expansins help in the resurrection of the 
plant during abiotic stresses such as drought, cold and salin-
ity stresses (Marowa et al. 2016). In an earlier report, it was 
observed that the overexpression of Poa pratensis EXPA1 
in transgenic tobacco plants were able to withstand the heat 
stress much better than the untransformed tobacco plants 
(Xu et al. 2014). It was seen under drought stress conditions 
expansin gene overexpression helps the plants to perform 
better than the normal plants (Lu et al. 2013). One of the 
mechanisms in increased tolerance level of the plant toward 
drought stress is the increase in degree of cell wall flexibil-
ity/cell membrane permeability, and perhaps, expansins are 
expected to play an important role in cell wall modifications 
during stress conditions. However, further studies need to be 
carried out to understand the role of expansins in cell wall 
flexibility under stress conditions.

Conclusion

It is essential to increase the sugarcane yield to meet the 
increasing demand for sugar and its byproducts. Sugarcane 
productivity is challenged by numerous abiotic stresses. 
Among these, drought stress causes 50% yield loss. Expan-
sin genes reported to play a vital role in both cell growth, 
and biotic and abiotic stress tolerance. Comparative expres-
sion experiment of EXPA1 on wild type E. arundinaceous 
and commercial Saccharum hybrid showed significantly 
higher levels of EXPA1 in Erianthus when compared to Sac-
charum hybrid during drought treatment. Localization study 
revealed that EXPA1 expression is confined to cell wall. This 
study provides an initial step in gaining knowledge about the 
role of EXPA1 in Saccharum complex under drought stress. 
This newly isolated and characterized expansin (EXPA1) 
gene from Saccharum complex could be a good candidate 
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gene for improving drought tolerance in sugarcane and other 
agricultural crops.
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