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No previous study has been reported on the salt-modulated gene(s) of roselle (Hibiscus sabdariffa L.). 
Identifying the potentially novel transcripts responsible for salt stress tolerance in roselle will increase 
knowledge of the molecular mechanism underlying salt stress responses. In this study, differential 
display reverse transcriptase PCR (DDRT-PCR) was used to compare the overall differences in gene 
expression between salt-stressed and control plants. A total of 81 primer combinations were used and 
false positive clones were rejected during a screening and quality control assay. The remaining nine 
cDNA transcript fragments were extracted from the gel, reamplified, cloned and sequenced. A 
homology search revealed that four transcripts showed significant homology with known genes. Out of 
five transcripts, real-time PCR demonstrated that four exhibited high expression in salt-stressed root 
tissues relative to the control and one transcript was down-regulated. These transcripts may be useful 
for improving tolerance in salt stress-sensitive plants. 
 
Key words: Roselle, Hibiscus Sabdariffa L., differential display, salt-stress, differentially expressed transcripts, 
signal transduction. 

 
 
INTRODUCTION 
 
Abiotic stresses such as high salinity, drought, extreme 
temperature and flooding are the main causes of crop 
loss worldwide, causing a reduction of more than 50% in 

the average crop yield, particularly in developing 
countries (Bray et al., 2000). Because plants are sessile 
organisms, they are continuously exposed to environ- 
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mental changes. Plants have evolved effective 
mechanisms to reduce possible damage (Loredana et al., 
2011). 

Salinity is considered a universal problem that affects 
approximately 20% of global irrigated cultivated land 
(Flowers and Yeo, 1995). A survey conducted by FAO 
indicated that more than 800 million hectares of land are 
affected by salt worldwide (FAO, 2008). This amount is 
equal to more than 6% of the world’s total land area 
(Munns and Tester, 2008). Extreme salinity is a critical 
environmental factor that inimically affects large 
agricultural land areas. Plant growth, physiological 
processes and metabolic processes are all affected 
(Magome et al., 2008; Zhang et al., 2009). High salt 
levels cause ionic stress in the form of cellular Cl

- 

accumulation and especially Na
+
 ion accumulation. Salt 

stress also changes the homeostasis of other ions such 
as Ca

2+
, K

+
, and NO3

- 
(Loredana et al., 2011). 

Roselle (Hibiscus sabdariffa L.) is an important annual 
herbaceous shrub belonging to the family Malvaceae that 
is locally known as “karkade” and grows well in tropical 
and sub-tropical climates (Cobley and Steele, 1976). 
Roselle may have been domesticated in western Sudan 
before 4000 BC (Wilson and Menzel, 1964). 

No information is available about possible signal 
transduction pathways related to abiotic stress in Roselle 
roots. There are two aspects of salt stress: osmotic stress 
and ionic stress. As soon as plants as subjected to salt 
stress, osmotic stress had a major effect on water 
regulation; continuous ionic stress and osmotic stress 
reduces plant productivity. To acquire salt tolerance, 
plants must adapt to both stresses (Ueda et al., 2002). 

In this study, differential display reverse transcriptase 
PCR (DDRT-PCR) was used to identify and isolate salt-
induced transcripts from Roselle roots under salt stress. 
A number of salt stress-responsive transcripts were 
isolated that had not been previously reported in 
association with salt (NaCl) stress, providing a prelimi-
nary step for identifying and characterizing novel gene(s) 
with regard to their regulatory elements to provide an 
understanding of plant adaptations to salt stress 
conditions. 
 
 
MATERIALS AND METHODS 
 
Plant material and stress treatment 
 
Roselle (Hibiscus sabdariffa L.) seeds were obtained from the 
Agricultural Research Corporation's Obeid Research Substation in 
Sudan. Plants were grown in composite soil (peat, sand, soil, 1:1:1) 
at the Centre of Excellence in Molecular Biology (CEMB) 
greenhouse at 30°C ± 2 under relative humidity greater than 40%. 

A concentrated NaCl treatment was given to the seedlings to 
their molecular responses to salt stress could be monitored. After 
24 h, root samples from treated and control plants were collected, 
immediately immersed in liquid nitrogen and stored at -80°C for 
further use (Mohamed et al., 2013). Total RNA was isolated from 
frozen root samples using a modified CTAB method (Muoki et al., 
2012). Agarose  gel  electrophoresis  was used to test  the  integrity 

 
 
 
 

 
 

Figure 1. Total RNA extracted from H. sabdariffa roots on a 
0.8% (w/v) agarose gel. Lane 1, RNA isolated from the 
control; lane 2, RNA isolated from a salt-stressed plant. 

 
 
 

and purity of the total RNA (Figure 1). 
 
 

Differential display reverse transcriptase polymerase chain 
reaction (DDRT-PCR) 
 
Total RNA was isolated, and 2 µg of RNA was reverse-transcribed 
with an anchored oligo-dT primer by using a RevertAid H- First 
Strand cDNA Synthesis Kit (Fermentas, USA). cDNAs from different 
samples were stored at -20°C for differential display PCR 
amplifications.  

A total of 9 anchored and 9 arbitrary primers were used (Table 
1). A DDRT-PCR reaction was performed in a 25 µL volume 
containing 0.5 µL of Taq Polymerase (Invitrogen), 1 µL of arbitrary 
primer, 1 µL of anchored primer, 0.05 mMdNTPs, 2.5 µL of 10× 
PCR buffer, 1 µL of cDNA, and 1 µL of MgCl2. The cycling 
conditions were as follows: an initial denaturation at 95°C for 2 min 
followed by 35 cycles of denaturation at 95°C for 45 s, annealing at 
42°C for 1.30 min, extension at 72°C for 45 s, and a final elongation 
step at 72°C for 10 min.  

The10 µL PCR products were separated vertically on denaturing 
16% polyacrylamide gels with 5× TBE buffer at 180 V for 150 min 
and stained with silver (Bassam et al., 1991). A 50 bp DNA ladder 
was used to estimate the transcript sizes. The polyacrylamide gel 
was silver-stained according to the Bio-Rad silver stain handbook. 
The gel was placed in fixation solution (40% ethanol and 10% 
glacial acetic acid v/v) for 20 min. The gel was then washed 3 times 
with dH2O and stained with silver staining solution (0.2% AgNO3) for 
20 min. The gel was again washed 3 times with dH2O for 20 s, and 
developing fluid (3% NaOH and 0.05% formaldehyde) was applied 
for 3-5 min. The gel was visualized by GrabIT v2.5 Trans-illuminator 
software on a gel documenting system (Ultra-Violet Products). 
Reamplification and confirmation of the differentially expressed 
transcripts were also completed. 
 
 
Cloning and sequence analysis of cDNA fragments 
 
Selected amplified cDNA fragments were excised and extracted 
from the gel using the crush and soak method employed by 
Maqbool et al. (2008). Twenty-five microliters of PCR product was 
reamplified using the same set of primers that generated the 
differential display product. For each reamplified band, a quality 
control without reverse transcriptase was added to monitor for
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Table 1. Random primer sequences for differential display RT-PCR. 
 

Arbitrary 
primer 

Sequences 
Anchored 

primer 
Sequence 

P1 5'ATTAACCCTCACTAAATGCTGGGGA-3' T1 5'-CATTATGCTGAGTGATATCTTTTTTTTTAA-3' 

P2 5'-ATTAACCCTCACTAAATCGGTCATAG-3' T2 5'-CATTATGCTGAGTGATATCTTTTTTTTTAC-3' 

P3 5'-ATTAACCCTCACTAAATGCTGGTGG-3' T3 5'-CATTATGCTGAGTGATATCTTTTTTTTTAG-3' 

P4 5'-ATTAACCCTCACTAAATGCTGGTAG-3' T4 5'-CATTATGCTGAGTGATATCTTTTTTTTTCA-3' 

P5 5'-ATTAACCCTCACTAAAGATCTGACTG-3' T5 5'-CATTATGCTGAGTGATATCTTTTTTTTTCC-3' 

P6 5'-ATTAACCCTCACTAAATGCTGGGTG-3' T6 5'-CATTATGCTGAGTGATATCTTTTTTTTTCG-3' 

P7 5'-ATTAACCCTCACTAAATGCTGTATG-3' T7 5'-CATTATGCTGAGTGATATCTTTTTTTTTGA-3' 

P8 5'-ATTAACCCTCACTAAATGGAGCTGG-3' T8 5'-CATTATGCTGAGTGATATCTTTTTTTTTGC-3' 

P9 5'-ATTAACCCTCACTAAATGTGGCAGG-3' T9 5'-CATTATGCTGAGTGATATCTTTTTTTTTGG-3' 

 
 
 

Table 2. Primer sequences for real-time PCR. 
 

Transcript Forward primer (5'–3') Reverse primer (5'–3') Amplicon length (bp) 

Baha-cemb01 GACTGTGGCGCAAATGAAG AGATGCTCCCAAATTTCTGC 180 

Baha-cemb02 CTCAAGCCATCATCGGTAATCT GGGACGTGGTCAGAAGTGATAC 169 

Baha-cemb03 CTAGAAGATGATGGTCCGGTTG CGATTGAGTAGGCACCGAAGT 180 

Baha-cemb04 AGAAGGGGTACCAGACCTTGAT GGTGTTGAACCAGGGTATGTCT 175 

Baha-cemb09 AAAGGACCTACATTTGCAGGA AGGAATGGCTTCCAACTTGA 164 

β- Actin  TGGGGCTACTCTCAAAGGGTTG TGAGAAATTGCTGAAGCCGAAA 162 

 
 
 
potential RNA contamination by residual genomic DNA, which could 
be amplified during the subsequent PCR. Reamplified PCR 
products were separated on an agarose gel (Maqbool et al., 2008). 
Reamplified eluted DNA fragments were cloned into a pCR 2.1 
vector with a TA Cloning Kit (Invitrogen, USA), and the vector was 
transformed into an E. coli strain. Plasmid DNA was isolated from a 
minimum of five clones per transformation (Bimboim and Doly, 
1979), and their aliquots were treated with RNAase A (Sigma, 
Germany). The positive clones containing inserts were confirmed 
via a restriction digestion of plasmid DNA with EcoR1 (Fermentas, 
USA). The digested product was run on a 1.5 % agarose gel at 80 
V for 90 min and analyzed under UV light. 
 
 
DNA Sequencing and data analysis 
 
Sequencing reactions were performed with an ABI Prism Dye 
Terminator Kit and an ABI model 3100 automated DNA sequencer. 
Transcripts were sequenced on both strands with M13 primers. The 
nucleotide sequences or the deduced amino acid sequences of 
each clone were compared by using ESTs and protein sequences 
from various databases through the basic local alignment search 
tool (BLAST) (Altschul et al., 1990). 
 
 
Semi-quantitative RT-PCR analysis 
 
RT-PCR reactions were performed with pairs of specific primers for 
each transcript that were designed on the basis of the H. sabdariffa 
cDNA sequence (Table 2). β-actin was used as a housekeeping 
control. The thermal cycling conditions were 3 min of initial 
denaturation at 95°C followed by 40 cycles of denaturation at 95°C 
for 30 s, annealing at 60°C for 30 s, extension at 72°C for 45 s and 
a final extension at 72°C for 10 min. 

Quantitative real-time RT-PCR 
 
Real-time PCR reactions were carried out in an ABI 7500 system 
(Applied Biosystems, USA) with Maxima SYBR Green/ROX qPCR 
Master Mix (2X) (Fermentas, USA). β-actin was used as a 
housekeeping control to normalize the data. Fifty nanograms of 
cDNA were used in each reaction. Real-time PCR was programmed 
for denaturation at 95°C for 3 min and 95°C for 30 s, followed by 
annealing at 55°C for 30 s, extension at 72°C for 45 s and 
additional 40 cycles were repeated untilthe annealing phase. Each 
reaction was performed in triplicate. The relative gene expression 
study was conducted using SDS v3.1 software (Applied 
Biosystems, USA). 
 
 
RESULTS AND DISCUSSION 
 

Differential display is a molecular biology technique 
described by Liang and Pardee (1992). It is an efficient 
method for identifying and isolating differentially 
expressed genes in specific cells or under altered 
conditions, and it presents numerous advantages: it is 
fast and saves time; it produces band patterns in 2 days; 
it is a simple, well-established and widely accessible 
technique, making it easily applicable for most 
investigators; in comparison with prior methods, its 
sensitivity has increased dramatically, resulting in good 
detection of low-abundance genes; and both induced and 
repressed genes can be detected and only a small 
amount of starting material is needed (Liang and Pardee, 
1992). 
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Figure 2. Differential display (DDRT-PCR) 
from Hibiscus sabdariffa roots. Odd-numbered 
lanes represent the control sample, and even-
numbered lanes represent salt-stressed 
samples. RT-PCR reactions were conducted 
by using anchored and arbitrary primers 
(Table 1). cDNA fragments that appeared to 
be differentially expressed in treated samples 
are indicated by arrows (lane 2: B9; P8B2-3 
417 bp, lane 4: B1; P5T8-a 591bp, lane 6: B2; 
P10T8 545 bp and B3; 255 bp, lane 8: B4; 
P5T7-a). 

 
 
 

Since 1992, analyzing gene expression has been the 
primary goal of most molecular biology studies (Liang 
and Pardee, 1992). In this study, mRNA differential 
displays and quantitative RT-PCR were used to study 
Roselle responses to salt stress. The differential display 
method reveals all aspects of regulation (up and down), 
as well as the absence/presence of bands to suggest 
qualitative differences, and it reveals signals with varying 
intensity, suggesting quantitative differences (Voelckel 
and Baldwin, 2003).  

Nine arbitrary and 9 anchored primer pair combi-
nations were used; 9 transcripts were found, and 4 were 
repressed by salt stress. The banding pattern of cDNA 
fragments was amplified by the combination of one 
primer group, as shown in Table 1. To reduce the false 
positive rate of the mRNA differential display, each primer 
pair was used to amplify two different sets of RNA 
isolated from Roselle plants (Lang et al., 2005).  

A GenBank database search revealed that four 
fragments, with sizes ranging from 200-600 bp (Figure 2), 
presented significant homologies with known genes 
(Figure 3). The other cDNA fragments showed no 
homology to known genes. The expression level of five 
transcripts  was evaluated by real-time RT-PCR.  The β- 

 
 
 
 
actin gene was used as a reference gene to normalize 
expression levels. The results indicate that all transcripts 
were overexpressed at different levels in salt-stressed 
roots compared to the control, with the exception of B1, 
which was down-regulated.  

Many salt stress-activated transcripts have been 
reported in other plant species (Ouyang et al., 2007; 
Shahid et al., 2012; Wei et al., 2013). The five transcripts 
exhibiting different expression levels in response to salt 
stress, transcripts B2 and B3, were similar and showed 
two-fold higher expression than the control (Figure 4). All 
of these transcripts were submitted to the NCBI GenBank 
EST database, and their accession numbers are given in 
Table 3.  

A transcript named Baha-CEMB01 (B1) has high 
homology with the F-box Arabidopsis protein family 
(Table 3); it has homology to the Vitis vinifera cultivar 
Danuta VINE-1 repeat element gag-pol polyprotein. This 
transcript was down-regulated under real-time PCR.  

A transcript named Baha-CEMB02 (B2) has high 
homology with the F-box Arabidopsis family of proteins 
(Table 3). The F-box protein family is involved in multiple 
signaling pathways for regulating root growth; the F-box 
protein gene reduces abiotic stress tolerance and 
promotes root growth in rice (Yan et al., 2011). The F-box 
protein family in eukaryotes plays important roles in plant 
development and abiotic stress responses via the 
ubiquitin pathway (Bai et al., 1996; Jia et al., 2011). 

Transcripts Baha-CEMB 03 (B3) is homologous with a 
putative serine/threonine protein kinase (Ipomoea 
batatas) (Table 3). SAPK4 improved germination, growth 
and development under salt stress in both seedlings and 
mature plants. SAPK4-overexpressing rice accumulated 
less Na

+ 
and Cl

-
 and showed improved photosynthesis in 

response to salt stress (Diédhiou et al., 2008). In plants, 
a salt-induced mitogen-activated protein kinase (MAPK) 
has been identified from alfalfa with a SIMK that is 
activated by the MAPK kinase SIMKK, and MAPK 
involvement in osmotic stress signaling has been 
demonstrated in tobacco and A. thaliana (Sanz, 2003; 
Slocombe et al., 2002). 

The Baha-CEMB 04 (B4) transcript has homology with 
the putative retrotransposon Ty3-gypsy protein subclass 
(Oryza sativa Japonica Group). The transcriptional 
activation of several well-characterized plant retrotrans-
posons appears to be tightly linked to molecular 
pathways activated by stress (Grandbastien, 1998). The 
Baha-CEMB 09 (B9) transcript has no significant 
homology with any protein. 

Transcripts known as Baha-CEMB02 (B2), Baha-
CEMB03 (B3) and Baha-CEMB04 (B4) were identified in 
Roselle (Hibiscus sabdariffa var. sabdariffa L.), and they 
shed light on responsive mechanisms to salt acclimation. 
Identifying these stress-regulated transcripts is an initial 
step towards cloning and characterizing full-length 
cDNAs and promoter regions.  

This study is the first attempt to investigate the

from the control. Lane 2: RNA isolated from a salt-stressed plant. 1 
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Figure 2 Differential display (DDRT-PCR) from Hibiscus sabdariffa  10 
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Figure 3. Amino acid sequence homology of 4 clones with known genes. The deduced amino acid 
sequences were aligned using NCBI BLAST pairwise alignment algorithm programs 
(http://www.ncbi.nlm.nih.gov/BLAST/). (a) Transcript Baha-cemb01 showing homology with gag-pol 
polyprotein [Vitis vinifera] Sequence ID: gb|AAF20282.1|Length: 581. (b) Transcript Baha-cemb02 
showing homology with Ribonuclease inhibitor, putative isoform 2 (Theobroma cacao) Sequence ID: 
gb|EOY02666.1|. (c) Transcript Baha-cemb03 showing homology with Myeloblastosis protein 

(Hibiscus sabdariffa) Sequence ID: gb|AGC92177.1|. (d) Transcript Baha-cemb04 showing homology 

with Retrotransposon protein [Theobroma cacao] Sequence ID: gb|EOX94090.1| 
 
 
 

 
 
Figure 4. Reverse transcriptase PCR expression analysis of Roselle transcripts in salt-stressed and control 
roots. Odd numbers indicate control samples, and even numbers indicate salt-stressed samples. The β-actin 
gene was used as a housekeeping control; products for each sample were separated on a 1.5% (w/v) agarose 
gel. 
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Table 3. Clone identification and homologies with known genes. 
 

EST  
Gene bank 
accession# 

Length (bp) Homology 

Baha-cemb01 JK757799.1 591 
Vitisvinifera cultivar Danuta VINE-1 repeat element gag-pol 

polyprotein gene, Sequence ID: gb|AF116598.1| 
    

Baha-CEMB02 JK757800.1 545 
Glycine max F-box protein SKIP14-like (LOC100807460), 

mRNA Sequence ID: ref|XM_003532664.1 
    

Baha-CEMB03 JK757801.1 255 
Myeloblastosis protein [Hibiscus sabdariffa]  

Sequence ID: gb|AGC92177.1| 
    

Baha-CEMB04 JK757802.1 340 
Gossypiumhirsutumretrotransposon putative copia, transposon 

GORGE3-like, Sequence ID: gb|EF457753.1| 
    

Baha-cemb09  JZ152799.1 417 No significant similarity found 
 
 
 

 
 

Figure 5. Relative expressions of root sample transcripts under control and 
salt-stressed conditions. β-actin was used as an internal control 
(housekeeping gene), and gene expression was indicated as a fold increase 
relative to the same transcript under control conditions.  

 
 
 

expression levels of roselle transcripts under salt stress 
by using quantitative real-time PCR. The β-actin gene 
(DQ866836.1) of Kenaf (Hibiscus cannabinus) actin was 
used as an internal control. Selected transcripts were 
overexpressed in the Roselle roots under salt-stressed 
conditions relative to the control roots (Figures 4 and 5). 
Transcript B1 was down-regulated, whereas transcripts 
(B2 and B3) were 1.5-fold higher than those of the 
control. B4 expression was one-fold higher, and B9 
exhibited lower expression. All of these transcripts were 
submitted to the NCBI GenBank database (Table 3). The 
regulation of gene expression is one key plant 
phenomenon used to respond and adapt to salt stress 
conditions (Jamil et al., 2011). 

This study was the first to detect differentially 
expressed transcripts by applying the differentially 
expressed mRNA technique to Roselle plants under salt 

stress and normal conditions. The three identified cDNA 
transcripts exhibited a higher level of expression under 
salt stress. These results indicate that Hibiscus sabdariffa 
variety bulk AlRahad is competent enough to up-regulate 
some specific genes during salt stress, and these 
findings are of immense importance for selecting Roselle 
lines with salt stress-tolerant characteristics. 
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