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The effect of drought stress on growth and water relations of four Hibiscus genotypes was investigated.
Drought stress significantly retarded vegetative growth as analyzed by plant height, stem diameter, leaf
area, fresh and dry weight. The osmotic potential (ys) values decreased with increasing drought time,
and the decrease was more pronounced in Fantasia followed by Jay’s orange. Osmotic adjustment
(O.A)) increased with drought time, and was greater in Fantasia followed by Jay’s orange and lowest in
Annie wood. The genetic diversity among the four hibiscus genotypes was detected by Random
Amplified Polymorphic DNA (RAPD) analysis. The data indicate that, thirty-one out of fifty four RAPD
markers detected were polymorphic (57.4%). The RAPD specific markers for each genotype were
determined. Ten out of the thirty one polymorphic RAPD markers generated were found to be genotype-
specific (32.2%). In the meantime, the largest number of RAPD genotype-specific markers was
generated for primers OPE-D-07(six markers) while for both of the OPE-B-17 and OP D-05 (two markers
each). These markers can be verified as being RAPD markers associated with drought tolerance in the

hibiscus genotypes that could help in marker-assisted selection breeding program.
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INTRODUCTION

Drought is the most important limiting factor for crop
production, and it is becoming an increasingly severe
problem in many regions of the world (Passioura, 1996;
Passioura, 2007; Amin and Hajmohammadrezaei, 2011).
Generally, drought stress occurs when the available
water in the soil is reduced and atmospheric conditions
cause continuous loss of water by transpiration or
evaporation (Khaje et al., 2003). Metabolic responses of
higher plants to abiotic stresses are complex, since many
processes such as carbon metabolism, accumulation of

compatible osmolytes, ion partitioning, energy metabolism
and growth are modified (Cushman et al., 1990).

Genetic variability within cultivated species originated
from closely related ancestors is limited, particularly for
traits such as tolerance to environmental stresses
(ChOabane and Valkoun, 1997). Different approaches
were used to assay genetic diversity in crop plants
including morphological traits, and isozyme electro-
phoresis; however these techniques are insufficient to
serve as accurate markers due to environmental
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influences on morphological traits and insufficient
polymorphism produced by isozyme approach among
closely related genotypes (Yang and Quiros, 1993).
Molecular markers have been developed to give high
degree of polymorphism and stability, and provide easier
and faster approaches for exploring genetic variability in
crop plants (Yang and Quiros, 1993). A molecular marker
is a readily detectable sequence of DNA or protein whose
inheritance can be monitored. It is the variation in, or
polymorphism of, molecular markers, which can be used
in genetic diversity studies (Weising et al., 1995).

Random amplified polymorphic DNA (RAPD)
developed by Welsh and McCelland (1990) and Williams
et al. (1990) proved to be a powerful tool in different
genetic analysis. This approach detects DNA
polymorphisms based on amplification using a single
primer of arbitrary nucleotide sequence of genomic DNA
fragments. RAPD markers are attractive because they
are simple and quick, very small (nanograms) quantities
of DNA are required, automation is feasible, there is no
requirement for previous DNA sequence information
(Williams et al., 1990), modest cost and ability to detect
relatively small amounts of genetic variation (Ragot and
Hoisington, 1993).

According to Prasad (2014), RAPD analysis in
combination with morphological characters can be used
in the identification and determination of the genetic
variation between the different varieties and species of
Hibiscus. Daudu et al. (2016) assessed the genetic
diversity among Nigerian Roselle (Hibiscus sabdariffa
Linn.) using certain genetic and morphological markers to
group the various accessions collected into distinct
genotypes, and they concluded that RAPD-PCR analysis
provided very valuable means for determining
relationships among H. sabdariffa accessions.

In the present study, four hibiscus genotypes were
subjected to drought stress, whiles plant water relation
and biomass production were determined. The genetic
diversity among these genotypes was resolved using the
random amplified polymorphic DNA (RAPD) markers,
and thereby the genotype-specific markers for each
genotype were determined.

MATERIALS AND METHODS
Plant materials and treatments

This study was carried out at the Nursery of the Ornamental
Horticulture Department, Faculty of Agriculture, Cairo University,
during two winter seasons; 2013 to 2014.The nursery work began
on the 1st of June of both seasons. Seedlings from four Hibiscus
rosasinensis genotypes namely: Annie wood (Yellow flowers),
Cherie(Orange flowers), Jay’s orange(Red flowers) and Fantasia
(Pink Flowers) were sown in plastic pots, 25 cm diameter, filled with
sandy loam soil prepared specifically for this purpose. Four weeks
to post-transplantation, the plants irrigated by tap water were done
every 2, 4 and 6 days at a rate of 200 ml/pot. Under each of
different period of irrigation, the plants were split into 4 groups; one
red, the second pink then orange and the last group was yellow.
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Table 1. Primers name and sequences used in the
present study/

Primer’s name Sequences

OPEB-11 5-.GTAGACCCGT-.3
OPEB-17 5°-. AGGGAACGAG- 3°
OPED-05 5- TGAGCGGACA -3°
OPED-07 5°- TTGGCACCCG- 3°
OPEF-04 5-.GGTGATCAGG- 3°
OPEF-12 5°- ACGGTACCAG- 3

The seedlings were harvested at 90 days post treatment. Each
watering treatment was replicated four times in a completely
randomized design, each replicate contains 3 plants.

Growth parameters

Data on plant height (cm), root length (cm), number of
branches/plant, and total dry weights (g)/plant were recorded. Leaf
area (cm?) was measured with area meter.

Chemical analysis

Total chlorophyll content (SPAD) determined by using fresh leaf
samples were described by Nettoet al. (2005). The proline content
(4 moles/g fresh matter) in fresh leaves was also determined
according to Bates et al. (1973).

Determination of leaf water relations

The leaf samples were frozen in liquid nitrogen and stored at -20°C.
Leaf tissues were thawed and centrifuged at 1,200x g for 25 min at
4°C to extract the cell sap. The osmotic potential (ys) of the cell sap
was measured using a vapor pressure osmometer (model 5,500;
Wescor, Logan, UT USA). Osmotic adjustment (OA) was calculated
as the difference in ys between treated and control plants.

Statistical analysis

Statistical analysis was performed using Analyze-it software
(Analyze-it, Leeds, UK) in accordance with the method of Maxwell
and Delany (1989).

Genetic diversity among hibiscus genotype
DNA extraction and RAPD analysis

Total genomic DNA was isolated using the method descried in
Rogers and Bendich (1985). PCR reactions were conducted using
arbitrary 10-mer primers (Operon Technology, Inc., Alameda, CA,
USA). Six primers out of fifteen RAPD primers tested resulted in
clear and repeatable bands. The names and sequences of the
primers used are presented in Table 1.

Reaction mixture and PCR condition

The reaction mixture (20 pl) contained 10 ng DNA, 200 uM dNTPs,
1 uM primer, 0.5 units of Red Hot Taqgpolymerase (AB-gene
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Figure 1. The effect of drought stress on plant height (A), leaf area (B), stem diameter (C) and root length (D) of four hibiscus

genotypes. Data are the mean of two season +SE.

Housse, UK) and 10-X Taq polymerase buffer (AB-gene Housse,
UK). Samples were heated to 94°C for 5 min, and then subjected to
35 cycles of 1 min at 94°C; 1 min at 35°C and 1 min at 72°C. The
amplification products were separated in 1% (w/v) agarose gel in 1
x TBE buffer and visualized by staining withethidium bromide.
Reproducibility of DNA profiles was determined by replicating all
RAPD reactions at least three times.

Data analysis

All the genotypes were scored for the presence and absence of the
RAPD bands. The data were entered into a binary matrix as
discrete variables, 1 for presence and 0 for absence of the
character, and this data matrix was subjected to further analysis.
The Excel file containing the binary data was imported into NT Edit
of NTSYS-pc 2.02J. The 0/1 matrix was used to calculate similarity
as DICE coefficient using SIMQUAL subroutine in SIMILARITY
routine. The resultant similarity matrix was employed to construct
dendrogram using sequential agglomerative hierarchical nesting
(SAHN), Unweighted pair group method with arithmetic means
(UPGMA) to infer genetic relationships and phylogeny. Variations
among hibiscus genotypes across the primers were evaluated from
pair-wise comparisons for the proportion of shared bands amplified
according to Nei (1978).

RESULTS AND DISCUSSION

Plant productivity is greatly affected by drought stress.
Availability of water is one of the most important factors,
which determine geographical distribution and productivity

of plants (Bartels and Salamini, 2001). Water stress is
perceived as water deficit and can occur with different
severity (Ramanjulu and Bartels, 2002). A continuation of
a mild water deficit leads to drought and even desiccation
(loss of most of the protoplasmic free or bulk water). The
response and adaptation of plants to such conditions are
very complex and highly variable. It is well documented
that, when plant tissues are subjected to drought stress,
some physiological and biochemical changes occur.
Some of these changes include: accumulation of ABA,
closing stomata and reducing leaf area (Premachandra et
al., 1995).

In the present study, four hibiscus genotype namely
Annie wood (Yellow flowers), Cherie (Orange flowers),
Jay’s orange (Red flowers) and Fantasia (Pink Flowers)
were subjected to three water regime (2, 4 and 6 days).
The data indicated that the plant height was reduced
under drought stress condition in all hibiscus genotypes.
The reduction was less in c.v fantasia (pink flowers) while
the reduction in plant height was more pronounced in the
c.v Annie wood (Yellow flower) six days post-treatment
compared to the other genotypes (Figure 1A). The data
indicated that drought stress reduced leaf area in all
hibiscus genotypes (Figure 1B). Stem diameter increase
with increasing drought stress in Jay’s orange and Cherie
while the stem diameter of both of Annie wood and
Fantasia was reduced with increasing drought time
(Figure 1C). Under drought stress, all of the genotypes
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Figure 2. Change in plant fresh weight and plant dry weight of four hibiscus genotypes subject to drought stress. Data

are the mean of two season *SE.

tested tended to increase their root length in order to find
water supply. Fantasia showed the highest root length
under long period of drought (six days) compared to the
other genotypes (FigurelD). The data presented in
Figure 2 indicate that, the biomass production was higher
in Cherie which showed higher dry weight compared with
the other genotypes (Figure 2).

The data indicate that total chlorophyll was reduced by
increasing drought time in all genotypes tested (Figure
3A). The reduction in chlorophyll contents results in
lowering biomass production as found in Figure 2. It is
well known that proline plays a role as an osmo-regulator
in abiotic stress tolerance mechanism in plants (Bates et
al., 1973). Larcher (2001) indicated that the plantproline
concentration increase under drought stress. In the
present investigation under drought stress hibiscus plants
tends to accumulate higher level of proline which was
evident in the present study. Cherie accumulated much
higher proline contents followed by Annie wood genotype
compared to other genotypes (Figure 3B).

The analysis of variance indicates that the difference
between genotypes were significant for plant height, leaf
area, fresh weight and dry weight and it was non-
significant for stem diameter and root length (Table 2).
The data indicate that drought treatment significantly
affect the entire earlier mentioned trait except for stem
diameter which was non- significant (Table 2).

It is well known that osmotic adjustment involves the
net accumulation of solutes in a cell in response to
drought stress, and consequently, the osmotic potential
decreases, which in turn attracts water into the cells and
enables the turgor to be maintained (Neuman et al.,
1988).

In the present study, all the parameters of leaf water
relations decreased with increasing drought time (Table

3). The osmotic potential (ys) of drought treated plants
decreased with increasing of the irrigation time, and the
decrease was more pronounced in Fantasia and Jay’s
orange genotypes. Osmotic adjustment (O.A.) increased
with drought time, and was greater in Fantasia (0.88)
followed by Jay’s orange (0.63) and lowest in Annie
wood (0.21) (Table 3). The difference in the ability to
maintain the osmotic potential under drought stress
conditions between the hibiscus genotypes used in the
present study reflects the differences in their genetic
backgrounds.

Genetic diversity among hibiscus genotypes used

Molecular markers have proved to be useful, both in the
identification of individual varieties and in the development
of phylogenetic relationships among plant species.
Molecular markers have to be developed for each
species, from genomic regions that have undergone
sufficiently rapid evolutionary change, in order to be
useful for discriminating among closely-related germplasm
(Cheng et al., 2002; Zehdi et al., 2004; Prasad, 2014;
Daudu et al., 2016).

In the present study, in order to investigate the genetic
differences among the four hibiscus genotypes used, the
random amplified polymorphic DNA (RAPD) analysis was
performed. All primers used in the present study resulted
in the appearance of PCR products with a variable
number of bands. This study shows that a total of 54
DNA markers were detected among the four hibiscus
genotypes of which, 31 bands were polymorphic (57.4%)
and can be considered as useful RAPD markers for the
four hibiscus genotypes used (Figure 4 and Table 4 ).
The largest number of RAPD bands was detected for
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Figure 3. Changes in chlorophyll contents and total proline accumulation in four hibiscus genotype under
drought stress condition. Data are the mean of two seasons +SE.

Table 2. Showing the analysis of variance of plant height, leaf area, stem diameter, root length, fresh and dry weight of
four hibiscus genotypes under drought stress condition (ANOVA).

SV df Plant height Leaf area Stem diameter Root length Fw DwW F

' ' (M.S) (M.S) (M.S) (M.S) (M.S) (M.S) 005
Genotypes 3 149.24* 22.95* 14.73" 73.06™ 1761.4* 63.41** 4.75
Treatment 2 364.19** 23.29** 1.61™ 277.13** 3224 .4** 162,42+
Error 6 24.43 0.69 3.54 25.27 297.03 ' 5.14
Total 11 - - - - 11.601

Table 3. Osmotic potential (¥s) and osmotic adjustment (O.A.) in four Hibiscus genotypes under drought stress conditions.

Drought Cherie Fantasia Annie wood Jay’s orange
treatment ¥s (MPa) O.A ¥s (MPa) ¥s (MPa) O.A ¥s (MPa) O.A
2 days -1.66 - -0.99 -1.45 -1.28 -
4 days -1.98 0.32 -1.43 -1.56 0.11 -1.61 0.33
6 days -2.13 0.47 -1.87 -1.66 0.21 -1.91 0.63

primers OPE-D-07 (12 bands) followed by the primers
OPE-B-11 and OPE-B-17 (10 bands each), while the
lowest was scored for OPE-F-12 (6 bands).

Levi and Rowland (1997) could identify blue berry
cultivars, and evaluate their genetic relationship using
randomly amplified polymorphic DNA (RAPD) which
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Figure 4. RAPD banding patterns of four hibiscus genotypesusing six
selected random primers, M: 1 kbp plus DNA ladder, 1-4: the hibiscus
genotypes:Annie wood (Yellow flowers), Cherie (Orange flowers), Jay’s
orange(Red flowers) and Fantasia (Pink Flowers) respectively.

Table 4. Primer name, total bands, polymorphic bands and polymorphism % generated by

RAPD analysis of four hibiscus species.

Primer name Total scorable bands

Polymorphic bands

Polymorphism %

OPE-B-11 10
OPE-B-17 10
OPE-D-05 9
OPE-D-07 12
OPE-F-04 7
OPE-F-12 6
Total 54

6 60
3 30
5 55.5
10 83.3
3 42.8
4 66.6
31 57.4

agreed with the present data, and also support the results
of Degani et el. (2001) who estimated the genetic
similarities among apple cultivars by RAPD and AFLP
analyses. The data presented in Table 4 shows the
polymorphic bands generated from each primer.

The data presented in Table 5 show that the Cherie
(Orange flowers) showed the highest number of RAPD
markers (43 markers) followed by Jay’s orange (Red
flowers) (42 markers), then Annie wood (Yellow flowers)
which recorded 39 markers while Fantasia (Pink Flowers)
recorded 37 marker. These results agreed with the data

presented by both of Ahmed (2013) and also with
Seeruttum and Sanmukiya (2013). The present study is
in perfect agreement with the work of Omalsaad et al.
(2014), Daudu et al. (2015) and Daudu et al. (2016) on H.
sabdariffa. It is also evident from the present results that
RAPD molecular marker was able to detect small genetic
differences among the different genotypes of Hibiscus
rosasinensis.

The specific RAPD markers for the different hibiscus
genotypes used in the present study are listed in Table 6.
Ten out of the thirty one polymorphic RAPD markers
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Table 5. Number of RAPD markers generated by four each of the four hibiscus genotypes across

the random primers used.

Primer name Annie wood Cherie Jay’s orange Fantasia
OPE-B-11 9 8 9 6
OPE-B-17 8 9 8 8
OPE-D-05 7 7 7 6
OPE-D-07 6 6 6 6
OPE-F-04 5 6 6 4
OPE-F-12 4 7 7 7
Total 39 43 42 37

Table 6. Genotype specific RAPD marker of four hibiscus species

Hibiscus genotype RAPD Specific markers Total
Annie wood OPE-B-17 (1200) 1
Cherie OPE-B-17 (600), OPE-D-07(700,1000, 2000) 4
Jay’s orange OPE-D-05 (1000, 1500); OPE-D-07(250, 300, 2500) -
Fantasia 5
Total - 10

! 1 1 1 1 1 1

00 0.1 02 03 04 05 06
Distances

Figure 5. RAPD-based phenogram of four hibiscus species (A)
Annie wood (Yellow flowers), Cherie (Orange flowers) (B), Jay’s
orange (Red flowers) (C) and Fantasia (Pink Flowers)( D).

generated were found to be genotype- specific (32.2%).
The largest numbers of RAPD specific markers were
scored for Fantasia (5 markers) and Cherie (4 markers
while Annie wood scored only one markers. In the
meantime, the largest number of RAPD genotype-specific
markers was generated for primers OPE-D-07(six
markers) while both of the OPE-B-17 and OP D-05
produced two markers each. From these results, one
may conclude that these RAPD-bands can be considered
as genetic markers for detecting drought tolerance in the

four hibiscus genotypes used.

The RAPD-based phenogram (Figure 5) grouped the
investigated genotypes into two main clusters. The first
cluster included Fantasia, the second cluster was divided
into two sub-clusters, the first sub-cluster included Cherie
and the second sub-cluster included Annie wood and
Jay’s orange. This may indicate that the Annie wood and
Jay’s orange are genetically very close.

Conclusion

Ranking genotypes based on growth rate, physiological
parameter including water relation and proline contents it
could be suggested that the hibiscus genotype Fantasia
and Jay's orange proved to be drought tolerant. The
higher drought tolerance in these cultivars was due to
their ability to maintain higher osmotic potential by
accumulating much higher concentration of osmoticum
solutes. According to the genotype specific molecular
markers, these markers can be considered useful for
drought tolerance in hibiscus breeding programs.
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