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A

MPLIFICATION of DNA of 10 jojoba shrubs using 7 RAPD primers indicated that seed
propagation of jojoba results in high genetic variation. To produce true-to-type clones, we
applied a micropropagation technique. Medium (MS) containing relatively low concentrations
(1 or 2mg/L) of 6-Benzylaminopurine (BAP) did not stimulate shoot formation on jojoba nodal
explants. The best shoot cloning on nodal explants was established on MS medium containing
3mg/L BAP and 0.1mg/L 1-Naphthaleneacetic acid (NAA). Decrease in water potential (Ψ)
of medium after adding 0.5mg/L of mannitol slightly increased the number of formed shoots
and further decreased the medium Ψ by increasing NaCl or mannitol concentration, resulting in
retardation of shoot formation. Data indicated that shoot formation was more sensitive than shoot
growth to changes in Ψ of the medium. Callus weight decreased with decreasing medium Ψ to
less than −435.014 MPa using 1g/L of NaCl, while mannitol application to decrease Ψ of the
medium up to 435.054 MPa (4g/L) significantly increased callus fresh weight. Jojoba calli clearly
expressed the effects of reduced Ψ in MS medium on esterase and protein patterns.
Keywords: Drought, Esterase pattern, Jojoba, Micropropagation, Salinity, SDS PAGEs, Shoot
multiplication, Water potential.

Introduction
Jojoba [Simmondsia chinensis (Link) Schneider] is
a shrub of the family Simmondsiaceae (Mills et al.,
1997) and is a native shrub in the northern Mexico
region and Sonoran Desert of Arizona. Jojoba
is commercially grown in Egypt, South Africa,
Israel, India, Australia, Argentina, Chile, and Peru.
Jojoba seed stores wax in liquid form that makes up
40%–60% of its dry weight and its wax has several
applications in manufacturing of pharmaceuticals,
cosmetics, extenders, and antifoaming agents. In
addition, jojoba wax is used as a good lubricant to
conserve uniform viscosity over a wide range of
temperatures of engines (Low & Hackett, 1981;
Mills et al., 1997). Jojoba shrub is a long-lifespan
plant (100–200 years), dioecious, evergreen,
and wind pollinated and shrubs can grow up to
5m height. The total area of global arable land is

continuously decreasing due to desertification
from environmental pollution and climate change,
as well as soil salinization. Plants, such as jojoba,
have established metabolic changes to grow
economically under conditions of low Ψ resulting
from harsh environments (Al-Dossary et al., 2019;
Singh et al., 2020).
As a dioecious plant species, jojoba production
of true-to-type by seed propagation is not
guaranteed. In general, shrubs obtained from seed
sowing show varying shrub canopy, height, stem
diameter, leaf area, node length, number of flowers,
seed morphology, and shrub yield, as well as wax,
protein, carbohydrate, and simmondsin content
(Al-Soqeer et al., 2012; Hassanein et al., 2015a).
Jojoba seeds express variation in germination
under relatively high salt stress (Hassanein et al.,
2015a). Germination of new harvest seeds is 80%–
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90%, but decreases progressively with time (Harsh
et al., 2001). Consequently, clonal propagation
of jojoba elite shrubs is an essential prerequisite
to establish an economical farm (Chaturvedi &
Sharma 1989; Hassanein et al., 2015a). To avoid
genetic variation of seed propagation, rooting of
semi-hardwood cuttings were recommended (Low
& Hackett, 1981; Lee, 1988; Cao & Gao, 2003),
but the maximum number of possible propagules
is limited by shrub size. In addition, rooting of
shoot cuttings is difficult and requires specific
requirements (Palzkill & Feldman, 1993). Tissue
culture techniques offer opportunities for cloning
of thousands of jojoba shrubs from elite-selected
individuals irrespective of shrub size and at any
time of the year (Lee, 1988; Hassanein et al.,
2015 a,b). In vitro propagated jojoba plants show
vigorous growth than those obtained from seeds or
shoot cuttings (Lee, 1988).
Esterases hydrolyze ester bonds in a wide range
of substrates (Balen et al., 2004). In jojoba, esterase
is generally involved in lipid metabolism and
production of many organic molecules (Flowers
et al., 2010; Radic & Pevaler-Kozlina, 2010). In
addition, the “includer” phenomenon (Mills &
Benzioni, 1992; Mills et al., 2001) is supported
by esterases to enable jojoba to absorb water
efficiently under conditions of low water potential
(Ψ; osmotic) from surrounding environments
(Lima et al., 2012; Reyes-Pérez et al., 2019; Akbari
et al., 2020).
Under tissue culture conditions, Ψ of the
medium is proportional to the concentration of
its chemical components and greatly affects plant
multiplication and growth (El-Sheekh et al., 2020).
Cultured plant tissues can grow and multiply if Ψ
of the medium is higher than that of the cultured
plant organ or tissue (Kirkham & Holder, 1981;
de Paiva Neto & Otoni, 2003). When additional
organic or inorganic substances are added to the
plant medium, Ψ and water flow into plant tissue
both decrease. Establishing an equilibrium state
between Ψ of the medium and callus results
in callus death (Kirkham & Holder, 1981).
Consequently, a specific Ψ is needed to establish
within the cells of the cultured organs to absorb
water, expand, divide, and show morphogenic
potential (Cleland, 1977). Since seashores or desert
plant species such as jojoba are characterized by
low Ψ, they need high salt medium with relatively
low Ψ, such as MS medium, for in vitro growth
and multiplication (Lassocinski, 1985). When the
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chemical components of MS increase, inhibition
of in vitro growth and multiplication of many
plant species were retarded partially or completely
(Thorpe et al., 2008).
Basic components of MS, SH, and B5 media
in liquid form without sugar at 25ºC, resulting in
Ψ values of −212, −153, and −143, respectively
(Fujiwara & Kozai, 1995). Water potential of the
medium can decrease two-fold, the first stage
occurring after sugar addition and the second
from conversion of 40–50g of sucrose into
monosaccharides during autoclaving (Lazzeri
et al., 1988). Addition of 3% sucrose to shoot
multiplication medium results in reduced Ψ of a
growth medium by −223 MPa (Thorpe et al., 2008).
Information related to the effect of changing Ψ of
the in vitro growth medium by changing the media
type or their components, or from the addition of
NaCl or mannitol, are not sufficiently available.
Further, knowledge on which is more sensitive to
slight change in Ψ of culture medium is scarce. In
addition, this study aimed to investigate whether in
vitro cultured shoots or calluses are better to study
alterations in gene expression of jojoba under
various Ψ levels of culture media.
Materials and Methods
Shoot culture establishment
Used jojoba seeds were obtained from the
Egyptian Natural Oil Company, Ismailia, Egypt.
The farm of this company was used for research
and production. Seeds were germinated and grown
in plastic pots under room condition for one year.
Laboratory grown plants were used for DNA
analysis using 7 RAPD primers for establishing
the in vitro culture. For sterilization, jojoba nodal
explants were treated with Clorox for four minutes
followed by 70% EtOH for a further four minutes.
Jojoba nodal explants were then carefully washed
by sterilized distilled water three times. After
sterilization, the lateral ends of each nodal cutting
were discarded to make 1.2–1.5cm long cuttings.
Jojoba nodal explants were cultured in glass jars
containing MS medium (Murashige & Skoog,
1962) with 3% sucrose and BAP concentration
(1–5mg/L).
In all studied experiments, the pH of the
medium was adjusted to pH 5.8. Medium was
solidified with 8g/L agar. For each treatment in all
studied experiments, 30 nodal explants in five glass
jars were cultured. Jojoba cultures were incubated
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in the tissue culture room with 16h daily light at
100µmol m−2 s−1 and 29± 1ºC. After four weeks,
shoot frequency (%), number of shoots/explant,
length of the obtained shoots (cm), number of
leaves/shoot, and number of nodes/shoot were
estimated.

vitro shoot formation on high salt medium (MS)
containing different BAP concentrations (1–5mg/
L). Further, jojoba nodal segments were cultured
in MS medium containing different concentration
of BAP (1–4mg/L) in combination with two NAA
concentrations (0.1–0.2mg/L) for four weeks.

DNA extraction
Young leaves of soil grown jojoba plants
(100mg) were collected and grinded in a mortar
in liquid nitrogen and 1,000μL of CTAB buffer.
Mixture was transferred into 1.5mL Eppendorf
tubes containing 2μL of RNAase. Mixture was
incubated at 65ºC for 30min and mixed with
500μL of 24:1 Chloroform-Isoamyl alcohol to
form emulsion. The emulsion was centrifuged
for 5–10min at 13,500rpm. The top-aqueous
solution was estimated and transferred into 1.5mL
Eppendorf tubes. Consequently, one volume of
cold isopropanol was added and incubated in the
freezer for 45–60min. After centrifugation for 10
min at 12,000rpm, the supernatant was carefully
discarded leaving the obtained DNA pellet at
the base of the Eppendorf tube. The Eppendorf
was then supplemented with 700μL of cold 70%
ethanol and centrifuged for 1min. Ethanol alcohol
was removed and the obtained DNA pellet was
dried on a hot plate at 55ºC. The DNA pellet was
resuspended in 100μL TE buffer for 1h at 55ºC
before use.

Cloning for long-term periods on MS medium
containing different BAP concentrations (1–3mg/
L) in combination with 0.1 mg/L NAA
In vitro formed shoots on nodal cuttings of
soil grown plant were subcultured 12 times on
MS medium supplemented with different BAP
concentrations (1–3mg/L) in combination with
NAA (0.1mg/L) for four weeks. An increase in the
number of shoots obtained after the 1th, 2th, 3th, 8th,
9th, 10th, 11th, and 12th subculture was estimated.
Consequently, the total number of shoots/explants
after 12 subcultures under the influence of each
treatment for 48 weeks were determined.

DNA amplification
DNA amplification reactions were performed
in a reaction mixture (25μL) containing 1X PCR
buffer, 2mM MgCl2, 0.2mM dNTPs, 25pmol
primer, 1U Taq DNA polymerase, and 30 ng
of template DNA. The amplification reaction
was performed in a Perkin-Elmer/GeneAmp®
PCR System 9700 (PE Applied Biosystems).
The apparatus was programmed to perform 35
cycles, each one with four steps: denaturation
at 94ºC for 45sec, annealing at 36ºC for 50sec,
elongation at 72ºC for 1min, and extension for
7min at 72ºC. The PCR products were resolved by
electrophoresis (95 volts) using 1.5% agarose gel
containing EthBr (0.5ug/mL) in 1X TBE buffer.
In this study, seven RAPD primers (A-03, A-04,
A-08, A-13, C-02, K-02, and at-08) were used.
Induction of shoot formation on MS medium
containing different growth regulators in different
concentrations
Jojoba nodal cuttings of soil or in vitro grown
plants were sterilized and used for induction of in

The effect of changing levels of water potential
on frequency of shoot formation and shoot growth
To study the effect of Ψ exerted by different
types of media, we used the basal medium of
MS (Murashige & Skoog, 1962), SH (Schenk
& Hildebrandt, 1972), and B5 (Gamborg et al.,
1968), each containing 3mg/L BAP and 0.1mg/L
NAA and each giving –212, –153, and –143MPa,
respectively (Fujiwara & Kozai, 1995). In
addition, Ψ of each medium decreased due to
the addition of 3% sucrose equivalent to –223
MPa (Thorpe et al., 2008). Further, the effect of
Ψ exerted by changing the MS medium strength
(half, full, one and half, or double MS strength)
containing 3% sucrose on shoot formation and
shoot growth was investigated. In this study,
further reductions in medium Ψ were established
when the medium was supplemented with 0.5, 1,
2, 3, or 4.0mg/L NaCl or mannitol, giving –0.038,
–0.071, –0.143, –0.214, and –0.286MPa, or
–0.007, –0.014, –0.029, –0.043, and –0.054MPa,
respectively (Neto et al., 2004).
The Ψ of each treatment equated to Ψ of
medium components + Ψ of 3% sucrose + Ψ of
the used concentration of NaCl or mannitol. The
water potential of agar (–0.578MPa; Buah et al.,
1999) was neglected where all treatments were
supplemented with 8g/L agar irrespective of
media type or its strength.
Jojoba shoots grown on MS medium
containing different concentrations of NaCl or
Egypt. J. Bot. 62, No. 1 (2022)
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mannitol were subjected for esterase and SDSPAGE analysis.
Callus formation
To obtain jojoba calli, 0.5cm long sections of the
first leaf of soil grown plants were cut and sterilized
as described previously. Sections were then placed
on MS medium containing 3% sucrose, 0.14mg/L
BAP + 1mg/L NAA and 0.11mg/L 2,4-D. To induce
callus formation, cultures of leaf segments were
incubated under dark condition at 30± 2ºC for two
months and weight/callus was determined. To study
the effect of lowering Ψ of the growth medium on
callus growth, 0.2g of calli were transferred to
grow on MS media supplemented with 3% sucrose
and different concentrations of NaCl or mannitol
(0.5, 1, 2, 3, and 4g/L). Fresh weight/callus was
estimated after ten days. Ten day-old calli were
also used for SDS-PAGEs and esterase analysis.

Results
To generate a dendrogram showing the genetic
relationships among ten jojoba shrubs obtained
from seed sowing (Fig. 1), seven RAPD markers
were used, two of which are included in Fig. 2. The
obtained dendrogram grouped the ten shrubs into
two main clusters, but shrub 1 was isolated in a
separate stem. The largest cluster consisted of seven
jojoba genotypes and the second cluster comprised
only two jojoba shrubs. The dendrogram shows
the existence of genetic variation between the ten
studied shrubs, whereby shrubs 3 and 4 were closer
to each other and both were remote from shrub 1.

Esterase detection
For natural protein extraction, 1g of jojoba
callus was ground in a bowl of ice containing 1mL of
protein extraction buffer (0.002M cysteine; 0.04M
Tris-HCl; pH 7.0). After centrifugation at 15,000g
and 4ºC for 15min, the obtained supernatant was
carefully isolated. For esterase analysis, native
PAGE gel was prepared using 7.5% acrylamide.
The prepared protein samples were loaded onto gel
wells for electrophoresis at 12mA per gel for 6h at
4ºC using run buffer (0.192 M glycine and 0.025M
Tris-HCl, pH 8.9). The obtained esterase bands
Fig. 1. Cluster generated from MVSP computer
Fig.
(1): Cluster generated from
MVSP computer software program of Nie & Lie (1979) and
were visualized using staining mixture
containing
software program of Nie & Lie (1979) and
α- and β-naphthyl acetate and fast blue
RR salt
clustered
by unweighted pair group
method
based on arithmetic
mean
(UPGMA) using 7 RAPD
clustered
by unweighted
pair group
method
(Brewer, 1970).
markers for 10 jojoba plants obtained
seeds. mean (UPGMA) using
based from
on arithmetic
SDS-PAGEs
For SDS-PAGE, we used 11% acrylamide gel.
A volume of obtained extract containing 40µg of
protein was mixed with an equal volume of buffer
(4% SDS, 20% glycerol, 10% 2-mercaptoethanol,
and 0.125 M Tris-HCl, pH 6.8). The mixture was
incubated in a water bath at 96ºC for 90sec, after
which the supernatant was carefully obtained
by micropipette and transferred into gel wells.
Electrophoresis was run using buffer containing
0.192M glycine, 0.025M Tris, and 0.1% SDS at
12mA/ gel for 6h at 4ºC. The separated protein
bands were visualized using Coomassie Brilliant
Blue Dye.
Statistical analysis
The obtained data were analyzed by LSD test at
the 5% level of significance at P< 0.05.
Egypt. J. Bot. 62, No. 1 (2022)

7 RAPD markers for 10 jojoba plants
obtained from seeds

For induction of in vitro shoot formation on
jojoba explant for short term culture, we studied
the effect of different BAP concentrations for
four weeks. Nodal segments of soil grown jojoba
plants were used as a source of explants. BAP free
MS medium as well as MS medium containing 1
or 2mg/L BAP did not stimulate shoot formation
on cultured explants. Shoot formation and shoot
growth were detected when the BAP concentration
increased more than 2mg/L (Table 1). The best
results for shoot formation frequency and shoot
number/explants were obtained when 5mg/L BAP
was used. The determined growth parameters of
formed shoots under the influence of 4 mg/L BAP
were the same as 5mg/L BAP.
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Fig. 2. Photographs show genetic variation between ten jojoba plants using the primers: (a) A-03 and (b) A-04

TABLE 1. Shoot
formation
on nodalshow
segment
of soil variation
grown jojoba
plants ten
as influenced
by different
Fig. (2):
Photographs
genetic
between
jojoba plants
using concentrations
the primers:
(a)
A-03
and
(b) A-04.
of BAP
four
weeks
BAP con.
(mg/L)
0.0 to 2.0

Shoot frequency
(%)
0

No. shoots/
explants
0

Length of
shoot
0

No. of leaves/
shoot
0

No. of nodes/
shoot
0

3

10*

1*

0.4*

2*

1*

4

40*

2*

1.2

4

2

5

50

3

1.2

4

2

* Means significantly different (t-test) from intermodal explants cultured on MS medium supplemented with 5mg/L BAP at P< 0.05.

The response of cultured nodal explants under
varying BAP concentrations was modulated
when used in combination with NAA. All used
BAP concentrations (1–5mg/L) in combination
with NAA (0.1 or 0.2mg/L) induced shoot
formation on cultured nodal explants, but with
different values (Table 2). Generally, regeneration
frequency on MS medium containing different
BAP concentrations in combination with 0.1
mg/L NAA was higher than those in combination
with 0.2mg/L NAA. The highest number of
shoots/explants and number of nodes/shoots
were obtained on MS medium containing 3mg/L
BAP and 0.1mg/L NAA. Conversely, the lowest
regeneration frequency was recorded on 1mg/L
BAP combined with 0.2mg/L NAA.
Under long-term culture for 48 weeks (12

subcultures), a valuable number of jojoba shoots/
explant were obtained on MS medium containing
2 or 3mg/L BAP combined with 0.1mg/L
NAA (Table 3 and Fig. 3). Decreasing BAP
concentration less than 2mg/L negatively affected
the number of formed jojoba shoots/explant.
Induced shoot formation due to application
of selected combination of growth regulators
(3mg/L BAP and 0.1mg/L NAA) was influenced
by Ψ exerted by media type, where three types
of media (MS, SH, and B5) were used (Table
4). In four weeks, the highest shoot number and
shoot growth were detected when explants were
cultured on the lowest Ψ medium (MS). Since the
water potential of SH was the same as B5, they
expressed the same low number of shoots/explant.
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TABLE 2. Shoot formation on nodal explants of soil grown jojoba plants as influenced by different concentrations
of BAP and NAA for four weeks
GRs con. (mg/L)

Shoot
freq.
( %)

Number of shoots/
explants

Length of shoot
(cm)

No. of leaves/
shoot

No. of nods/
shoot

BAP

NAA

1

0.1

86.9

2

1.99

5.6*

4*

2

0.1

90.5

1.33

2.4

6.66

3.33*

3

0.1

85.7

2

2.4

6.66

5

4

0.1

57.14

1*

1.1*

3.33*

1.33*

1

0.2

51.66

1.33

1.13*

4.33*

2*

2

0.2

64.3

1.66

1.26*

4*

2.33*

3

0.2

85.7

2

0.8*

3.33*

1.33*

4

0.2

86.3

1.33

1.33*

3.33*

1.66*

* Means significantly different (t-test) from intermodal explants cultured on MS medium supplemented with 3mg/L BAP+ 0.1mg/L
NAA at P< 0.05.

TABLE 3. Number of the obtained jojoba shoots after long term culture (12th subculture) three weeks each as
influenced by 0.1mg/L NAA and different concentrations of BAP
GRs conc. (mg/L)

No. of subcultures

BAP

NAA

1

2

3

0.1

2

8

32

58

93

192

446

740

2

0.1

1.33

6*

27*

97*

161*

326*

401*

717*

1

0.1

2

2.6*

6*

63*

65*

160*

189*

234*

st

nd

3

8th

rd

9th

10th

11th

12th

* Means significantly different (t-test) from shoots cultured after 12 sub culture at P< 0.05.

A

B

C

Fig. 3. Photograph shows in vitro shoot growth after 12 subcultures: (A) Shoot grown on MS medium supplemented
Fig. with
3. Photograph
shows
in vitro
growth
after
(A) shootwith
grown
on BAP
MS +
1mg/l BAP +
0.1mg/L
NAA; shoot
(B) Shoots
grown
on12
MSsubcultures:
medium supplemented
2mg/L
medium
supplemented
1 grown
mg/l BAP
0.1 mg/l
NAA; (B)with
shoots
grown
MS medium
0.1mg/L
NAA and (C)with
Shoots
on MS+medium
supplemented
3mg/L
BAPon
+ 0.1mg/L
NAA

supplemented with 2 mg/l BAP + 0.1 mg/l NAA and (C) shoots grown on MS medium

TABLE 4. Effect of basal medium type on shoot multiplication and growth of in vitro grown shoots on MS, SH,
supplemented
with 3 mg/l BAP + 0.1 mg/l NAA.
and B5 media supplemented with 3mg/L BAP+ 0.1mg/L NAA for four weeks
No. of shoots/
explants

Length of shoot
(cm)

Number of leaves/
shoot

Number of nodes/
shoot

MS

4

5.1

7.3

5.6

SH

1*

4.6*

6.3

5.6

B5

1*

5.3

5*

5

Medium type

* Means significantly different (t-test) from jojoba shoots cultured on full MS medium supplemented with 3mg/L BAP + 0.1mg/L NAA
at P< 0.05.
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The Ψ of MS medium changed with altered
MS medium strength. When nodal segments of in
vitro grown shoots were cultured on MS medium
under different medium strengths (0.5, 1.0, 1.5, and
2.0), each one containing 3mg/L BAP, 0.1mg/L
NAA, and 3% sucrose (Table 5), they expressed
different values for shoot number/explant and
shoot growth. The data indicated that the number
of formed shoots significantly decreased when MS
components were more or less than that of fullstrength MS components (−435MPa).
Induced shoot formation on MS medium
supplemented with 3mg/L BAP and 0.1mg/L NAA
was influenced by decreasing Ψ of the medium after
adding certain NaCl (Table 6) or mannitol (Table
7) concentrations. In comparison to Ψ of the basal
MS medium containing 3% sucrose (−435MPa),
a slight decrease in the medium Ψ due to the
addition of 0.5g/L of mannitol (−435.007MPa)
was associated with an increase in the number of
shoots/explant. Further reductions in medium Ψ
less than −435.007MPa from 0.5gm/L mannitol
or −435.038MPa from 0.5gm/L NaCl resulted in
a significantly reduced number of shoots/explant
and growth of formed shoots. The data indicate
that shoot formation was more sensitive than shoot
growth in reducing Ψ of the medium.
Callus formation on leaf explants was
determined when explants were placed on MS
medium containing 0.14mg/L BAP + 1mg/L
NAA and 0.11mg/L 2,4-D under dark conditions
at 30±2ºC for two months. Callus weight
decreased with decreasing medium Ψ lower than
−435.071MPa when 1g/L of NaCl was included
in the MS medium containing 3% sucrose.
Application of mannitol to decreasing Ψ of the
medium up to −435.054MPa (4g/L) significantly
increased callus fresh weight (Table 8).
We found changes in esterase expression of
shoots with a gradual decrease in medium Ψ due
to gradually increasing NaCl (Fig. 4) or mannitol
(Fig. 5) concentrations. Each level of Ψ changes
in the medium expressed specific esterase patterns.
Medium containing 0.5g/L NaCl (Lane 2) showed
two additional esterase isoenzyme forms (EST-1
and EST-2) compared with the control (Lane 1).
Esterase patterns indicated that two esterase bands
(EST-4 and EST-5) and four forms (EST-8, EST-9,
EST-10, and EST-11) disappeared when 2 or 4g/L
NaCl and 1 or 3g/L NaCl were used, respectively.
Esterase expression of jojoba was not effectively
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influenced by reducing Ψ of the medium due to
increases in mannitol concentrations within the
specified range (Fig. 5). Two esterase bands (EST7 and EST-17) disappeared under the influence of
2g/L mannitol (Lane 4).
We explored esterase expression of jojoba calli
under different medium Ψ due to the presence
of different concentrations of NaCl (Fig. 6) or
mannitol (Fig. 7). Compared with NaCl free
medium (control), medium containing 0.5–3.0g/L
expressed two additional esterase isoenzyme
forms (EST-1 and EST-8), which later disappeared
when jojoba calli were cultured on MS medium
containing 4g/L NaCl. Further, two isoenzyme
forms (EST-7 and EST-10) disappeared in calli
cultured on MS medium containing 3.0 or 4.0g/L
NaCl (−435.286MPa). When jojoba calli were
subjected to successive lowering of medium Ψ
due to increasing mannitol concentrations (Fig.
7), the number of detected esterase isoenzyme
forms increased where six- faint new bands (EST1, EST-2, EST-9, EST-10, EST-11, and EST-12)
were detected, but one isoenzyme form (EST-4)
disappeared.
The number of protein patterns in the SDS-PAGE
of jojoba shoots under different medium Ψ levels
after applying varying mannitol concentrations are
shown in Fig. 8. SDS-PAGE indicated that several
polypeptides with apparent molecular weight
ranging from 7 to 200kDa were determined. Under
the influence of Ψ of MS medium containing 3%
sucrose and mannitol in different concentrations
(−435.007 [0.5g/L] to −435.054 MPa [4g/L]), four
new polypeptides were detected (135.3, 124.6, 85,
and 77kDa), while two polypeptides disappeared
(90 and 80kDa).
Growth parameters (Table 8) and SDS-PAGE
data (Fig. 9) indicate that callus fresh weight
showed no negative effects when cultured on Ψ of
MS medium containing 3% sucrose and relatively
low concentrations of NaCl up to −435.214 MPa
(3g/L NaCl). Further, these conditions resulted
in an increase in staining intensity of some
polypeptide bands (Fig. 9, Lanes 5 and 6) and
the new appearance of others (58, 43.8, 16.8,
12.5, and 10kDa). Protein expression stability
was demonstrated under used concentrations of
mannitol in MS medium containing 3% sucrose
(−435.007 to −435.054MPa). Under these
conditions, expression of two new polypeptides
of 73 and 138kD were detected (data not shown).
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In general, esterase or SDS-PAGE patterns of calli
were more expressive than those of plant shoots

regarding the effect of reduced medium Ψ on in
vitro cultured tissues.

TABLE 5. Effect of basal medium strength on shoot multiplication and growth of in vitro grown shoots, media
were supplemented with 3mg/L BAP + 0.1mg/L NAA for four weeks
No. of shoot/
explant
3*
8
3*
3*

MS strength
Half
Full
One and half full
Double full

Length of
shoot (cm)
3.2*
5.5
5
7.8*

No. of leaves/
shoot
7.3
8
8
8

No. of nodes/
shoot
5*
4
5*
5*

Shoot fresh
weight (g)
0.1*
0.2
0.2
0.24

* Means significantly different (t-test) from jojoba shoots cultured on full MS medium supplemented with 3mg/L BAP + 0.1mg/L NAA
at P< 0.05.

TABLE 6. Effect of various concentrations of NaCl on in vitro shoot multiplication and shoot growth. Shoots were
subcultured on MS medium supplemented with 3mg/L BAP + 0.1mg/L NAA and several concentrations
of NaCl for three weeks
NaCl conc.
(g/L)

No. of shoots/
explant

Length of shoot (cm)

No. of leaves/
shoot

No. of nods/
shoot

shoot fresh
weight (g)

8

4.8

8

5

0.11

8

5.8*

12.3*

6*

0.14

4*
1.66*
2.66*
2*

6.6*
6*
5
5.3

8
9*
8
8.6*

6*
6.6*
5
6*

0.14
0.12
0.12
0.1

0
0.5
1
2
3
4

* Means significantly different (t-test) from jojoba shoots cultured on MS medium supplemented with 3mg/L BAP +0.1mg/L NAA
without NaCl for three weeks at 29±1ºC at P< 0.05.

TABLE 7. Effect of various concentrations of mannitol on in vitro shoot multiplication on MS medium supplemented
with 3mg/L BAP + 0.1mg/L NAA for three weeks
Conc. of mannitol
(g/L)
0
0.5
1
2
3
4

No. of shoots/ explant
8
9
3*
2*
1*
1*

Shoot
length (cm)
4.8
6*
5
5
3.5*
3*

No. of
leaves/ shoot
8
12*
10*
10*
8
8

No. of node/
shoot
5
6*
5
5
4*
4*

Shoot fresh
weight (g)
0.18
0.18
0.18
0.17
0.16
0.18

* Means significantly different (t-test) from jojoba shoots cultured on MS medium supplemented with 3mg/L BAP + 0.1mg/L NAA
without mannitol under tissue culture condition at P< 0.05.

TABLE 8. Callus fresh weight/leaf explant under the influence of different concentrations of NaCl or mannitol.
Leaf explants were cultured on MS medium with 0.14mg/L BAP + 1mg/L NAA and 0.11mg/L 2, 4-D
Conc. NaCl or mannitol (g/L)

NaCl

0.0 Conrol
0.5
1
2
3
4

Manniol
0.63

0.63
0.64
0.54
0.61
0.49*

0.66
0.64
0.72*
0.72*
0.70*

* Means significantly differed (t-test) from callus placed on MS medium without NaCl or mannitol at P<0.05.
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EST-10

EST-9
EST-8

EST-7
EST-6

Fig. 4. Native gel electrophoresis of esterase

EST-5
EST-4
EST-3
EST-2
EST-1

Fig. 6. Native gel electrophoresis of esterase isoenzyme

Fig. 4. Native gel electrophoresis
of esterase
isoenzyme
pattern of jojoba microshoots
isoenzyme pattern
of jojoba
microshoots
pattern of jojoba calli grown for ten days on
6. Native
electrophoresis
of esterase isoenzyme pattern of jojoba calli grown
grown for three weeks on
MS for
medium
3 mg/lgel
BAP
+ 0.1mg/l NAA
grown
three supplemented
weeks on Fig.
MS with
medium
MS medium supplemented with 0.56mg/L
medium supplemented with 0.56 mg/l BAP + 1 mg/l NAA + 0.11 mg/l 2, 4 D
and 0, 0.5, 1, 2, 3 and 4 supplemented
g/l NaCl, lanes
1, 3mg/L
2, 3, 4,BAP
5 on
and
6, respectively.
with
+MS
0.1mg/L
BAP + 1mg/L NAA + 0.11mg/L 2, 4 D and
NAA and 0, 0.5, 1, 2, 3 and 4g/L
NaCl, lanes
concentrations
of NaCl: 0.0, 0.5, 1, 2, 3, and 4 g/l NaCl, lanes: 1, 2, 3, 4, 5 and 6, resp
1, 2, 3, 4, 5 and 6, respectively

different concentrations of NaCl: 0.0, 0.5, 1,
2, 3, and 4g/L NaCl, lanes: 1, 2, 3, 4, 5 and 6,
respectively

Fig. 5. NativeFig.
gel5. electrophoresis
of EST
isoenzyme
shoots
grown for
Native gel electrophoresis
of EST
isoenzymepattern of
Fig.jojoba
7. Native
gel electrophoresis
of esterase isoenzyme
pattern
of
jojoba
shoots
grown
for
three
three weeks on MS medium supplemented with
+ 0.1mg/l
and
0.0,
patternNAA
of esterase
jojoba
calli
grown in
dark for
ten calli grown in dark
Fig.37.mg/l
NativeBAP
gel electrophoresis
of
isoenzyme
pattern
of jojoba
on MS lanes
medium
with
on6,MS
medium supplemented
withmedium
0.56 mg/lsupplemented
BAP + 1 mg/l
NAA + 0.11 mg/l 2, 4
0.5, 1, 2, 3 and 4 g/lweeks
mannitol,
1,supplemented
2, 3, 4, 5days
and
respectively.
days on MS
with

3mg/L BAP + 0.1mg/L NAA and 0.0,
0.5, 1, concentrations mannitol:
different
0.0,
0.5,+ 1,
2, 3, NAA
and 4+g/l
; lanes 1,
0.56mg/L
BAP
1mg/L
0.11mg/L
2, 2,
4 3, 4, 5 and 6, respect
2, 3 and 4g/L mannitol, lanes 1, 2, 3, 4, 5 and
D and different concentrations mannitol: 0.0,
6, respectively
0.5, 1, 2, 3, and 4g/L ; lanes 1, 2, 3, 4, 5 and 6,
respectively
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Discussion
Genetic variation stimulation is desirable
when exploring selection of specific mutants
(Govindaraj et al., 2014), but it should be avoided
if true-to-type clones are needed. Jojoba seed
propagation results in high genetic variation
(Hassanein et al., 2015a) for dioecious plant
species. Kumar et al. (2012) confirmed that a
low percentage of seed-originating jojoba shrubs
can produce high and desirable quality of jojoba
liquid wax. DNA-based genetic markers, such as
RAPD, were used in this study and others to detect
genetic variation in jojoba (Amarger & Mercier
1996). The obtained dendrogram of seven RAPD
markers revealed large variation among jojoba
shrubs grown from seeds, as previously reported
(Amarger & Mercier, 1996). Consequently, safe
methods to clone elite jojoba shrub are needed,
a method that can be used to avoid genetic
variations of sexual-propagated shrubs and their
negative
effects on commercial production. Here,
Fig. 8. SDS-PAGE
of jojoba ofshoots
for four
weeks on MS
medium
Fig. 8. SDS-PAGE
jojoba grown
shoots grown
for four
propagation (Kumar et al., 2011) or
supplemented with 3 mg/l
+ 0.1mg/l
and 0.0,with
0.5, 1 , 2, vegetative
3 and 4 g/l
weeksBAP
on MS
medium NAA
supplemented
micropropagation (Hassanein et al., 2015a,b) can
mannitol, lanes 1, 2, 3, 3mg/L
4, 5 and
6, respectively.
BAP
+ 0.1mg/L NAA and 0.0, 0.5, 1 ,
be used.
2, 3 and 4g/L mannitol, lanes 1, 2, 3, 4, 5 and
6, respectively

Application of in vitro cloning is recommended
in jojoba (Hassanein et al., 2015b; Hassan et al.,
2019) and other plant species (Salem, 2020).
Application of 3–5mg/L BAP resulted in shoot
formation on nodal cuttings of soil grown
jojoba plants. The capacity of BAP to induce
shoot formation in in vitro cultured explants and
growth of formed shoots may be attributed to
the ability for plant tissues to metabolize BAP
and produce natural hormones, such as zeatin,
within cultured tissue (Malik et al., 2005; Rai et
al., 2010). When low BAP concentrations (1 or
2mg/L) were applied, shoot formation on cultured
jojoba explant was not detected, which may be
due to insufficient synthesis of natural hormones.
Conversely, these concentrations (1 or 2mg/L)
used in combination with 0.1 or 0.2mg/L NAA
stimulated shoot formation. Under short- or
long-term culture, the highest shoot cloning was
obtained when MS medium with 3mg/L BAP +
0.1mg/L NAA was used. The number of shoots/
explants and nodes/shoots were the essential
prerequisite for shoot multiplication during in
Fig. 9. SDS-PAGE of jojoba calli grown for ten
vitro propagation of jojoba and other plant species
days on MS medium supplemented with
Fig. 9. SDS-PAGE of jojoba calli grown for ten days on MS medium supplemented
(Hassanein et al., 2015b; Salem 2016, 2020).
0.56mg/L BAP + 1mg/L NAA + 0.11mg/L 2,

with 0.56 mg/l BAP + 1 mg/l NAA + 0.11 mg/l 2, 4 D and different concentrations of
4 D and different concentrations of NaCl:
NaCl: 0.0, 0.5, 1, 2, 3, and 4 g/l NaCl, lanes: 1, 2, 3, 4, 5 and 6, respectively.Induced shoot formation on cultured jojoba
0.0, 0.5, 1, 2, 3, and 4g/L NaCl, lanes: 1, 2, 3,
4, 5 and 6, respectively
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by MS (−435MPa), SH (−376MPa), or B5
(−366MPa) medium, each of them containing
3% sucrose (Thorpe et al., 2008; El-Sheekh et
al., 2020). The best result was obtained using
the lowest Ψ medium (MS). In addition, induced
shoot formation and growth of obtained shoots
were influenced by lowering the Ψ of medium
following addition of different NaCl or mannitol
concentrations, as previously reported (Neto et al.,
2004; Thorpe et al., 2008; El-Sheekh et al., 2020).
Cultured jojoba shoots can multiply and grow
when water Ψ of cultured tissues was lower than
the surrounding medium. A specific Ψ is needed to
establish within cells of cultured tissue and reveal
cell division and morphogenesis (Cleland, 1977).
In this study, the water Ψ outside cultured plant
materials was caused by a medium component,
sucrose, and NaCl or mannitol concentrations.
When Ψ of MS medium was lower than −435MPa
after adding mannitol or NaCl, the medium
became more suitable for jojoba callus growth,
especially when established by mannitol up to
−435.054MPa (4g/L). Incompatible Ψ of the MS
medium was more effective on shoot formation
than shoot growth. While reduced medium Ψ
due to the addition of 1gm or more of NaCL or
mannitol retarded shoot formation, it enhanced
shoot growth, especially when mannitol was
used. Stress tolerant plants, such as jojoba, are
characterized by low water potential and require
medium with relatively low water potential,
such as MS for shoot multiplication and growth
(Lassocinski, 1985).
We studied esterase patterns of cultured plant
shoots and calli. Multiple forms of esterases
and their differential expression under applied
conditions indicate their important role in several
physiological-biochemical mechanisms (Coppens
& Dewitte, 1990), including cell wall elasticity
(Tamás et al., 2005) and acclimatization to abiotic
or biotic stresses (Sasidharan et al., 2011). In
jojoba, the number of esterase isoenzyme forms
due to reduced medium Ψ (following addition
of NaCl or mannitol) in plant shoots was higher
than that of calli. Each level of Ψ lower than the
MS medium after adding certain concentrations
of mannitol or NaCl showed a specific esterase
pattern. It was clear that under different
concentrations of mannitol or NaCl in culture
medium, callus was better than in vitro cultured
shoot to study esterase expression in jojoba.
Compared with the esterase isoenzyme
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pattern of MS medium containing 3 g/L sucrose
(−435MPa), reducing its Ψ following addition of
0.5–3.0g/L NaCl resulted in expression of two
additional isoenzyme forms (EST-1 and EST8), but six new isoenzyme forms (EST-1, EST2, EST-9, EST-10, EST-11, and EST-12) were
detected under applied mannitol concentrations
on jojoba calli. Consequently, the growth of
jojoba calli on mannitol-containing medium was
better than that of NaCl, which may be due to the
supportive role of six esterase isoenzyme forms
on mannitol-containing medium. In addition,
NaCl concentrations expressed lower Ψ than
corresponding mannitol concentrations. Further,
toxicity of Na+ ions in NaCl containing medium
negatively affected callus growth. An increase in
the number of isoenzyme forms and/or increase
in staining intensity of specific isoenzyme
bands can indicate increasing enzyme activity
(Hassanein, 1999, 2004). Detecting new esterase
isoenzyme forms under abiotic conditions have
also been reported (Hasssanein, 1999; Bekheet
et al., 2006), which are related to the genotype
and morphogenic phase (Martinelli & Gianazza,
1996) and used as a biochemical marker (Coppens
& Dewitte, 1990). In jojoba, esterase is involved
in lipid catabolism serving as a carbon source
for synthesis of new molecules (Flowers et al.,
2010; Radic & Pevaler-Kozlina, 2010). The role
of esterases (Radic & Pevaler-Kozlina, 2010) and
“includer” phenomenon (Mills & Benzioni, 1992;
Mills et al., 2001) may help jojoba plant absorb
water and use it efficiently under non extreme Ψ
of the surrounding medium, whereby MS is the
ideal environment for jojoba in vitro culture. In
plants, esterases combined with other enzymes are
involved in salinity defense mechanisms (Lima et
al., 2012; Reyes-Pérez et al., 2019; Akbari et al.,
2020).
In jojoba, stability in protein patterns
was the primary texture phenomenon for an
increasing number of polypeptide bands under
stress conditions. SDS-PAGE patterns changed
following reduced Ψ when incorporating
mannitol or NaCl in the culture media, resulting
in expression of specific polypeptides (Hassanein
1999; Win & Oo, 2017). These changes in protein
patterns may be an important part of biochemical
processes that make a plant species, such as jojoba,
more fit for the harsh environment (Singh et al.,
1985; Wang et al., 2019). The appearance of new
polypeptide bands and disappearances of others
were detected in jojoba and other plants (Amini
Egypt. J. Bot. 62, No. 1 (2022)
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et al., 2006). The relationship between reduced
Ψ levels and expression of new polypeptide
bands suggests that modulating gene expression
may be involved in the ability for plant cells to
survive, multiply, and grow under more negative
Ψ caused by abiotic stress in harsh environments
(Hassanein, 1999; Bekheet et al., 2006; Hassanein
et al., 2015b).
In conclusion, high salt medium (MS) with
an Ψ value of −435MPa is recommended for
in vitro culture of jojoba explants. Jojoba shoot
formation was more sensitive to changes in Ψ of
the culture medium than growth of formed shoots.
Callus was a better indicator than shoot culture
for investigating the molecular effects of abiotic
stresses on in vitro cultured jojoba explants.
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تأثير التغيرات الطفيفة لجهد الماء في األوساط الغذائية على االكثار الدقيق ،أشكال التعبير
الجيني النزيم االستيريز والبروتينات لنبات الجوجوبا
أحمد محمد حسانين ،عبد الناصر جالل ،غادة سعد ،ضياء محمد سلطان
المعمل المركزي للهندسة الوراثية -قسم النبات والميكروبيولوجي -كلية العلوم -جامعة سوهاج 82524 -سوهاج-
سوهاج -مصر.
تكبير الحامض النووي الديؤكسي ريبوز لعشر شجيرات من نبات الجوجوبا باستخدام سبعة بادئات تكبير عشوائية
(رابد) أوضح أن هناك اختالفات جينية كبيرة في نباتات الجوجوبا الناتجة باالكثار العادي باستخدام البذور.
للحصول على نسخ صحيحة جينيًا مماثلة النبات األم تما ًما ،استخدمنا تقنية االكثار الدقيق .الوسط المغذي
موراشيجي وسكوج المضاف إليه تركيزات منخفضة نسبيًا ( 1أو  2مجم/لتر) من البنزيل أمينو بيورين لم يحفز
تكوين األفرع على القطع العقدية للجوجوبا .أما الوسط المغذي موراشيجي وسكوج المزود بتركيز  3مجم/
لتر من البنزيل أمينوبيورين و  0.1مجم/لتر من نفثالين حمض الخليك ،كان هو األفضل إلعطاء نسخ أفرع
خضرية على المستقطعات العقدية لنبات الجوجوبا .تقليل الجهد المائي للوسط المغذي بعد إضافة  0.5مجم/لتر
من المانيتول أسفر عن زيادة بعض الشئ (بسيطة) في عدد األفرع المتكونة ،كما أن تقليل الجهد المائي إلى حد
أبعد بزيادة تركيز ملح كلوريد الصوديوم أو المانيتول ،كان نتيجته إعاقة وتأخر تكوين األفرع الخضرية .أشارت
النتائج التي تم الحصول عليها في هذه الدراسة أن تكوين األفرع الخضرية كان أكثر حساسية للتغيرات في الجهد
المائي للوسط المغذي المنماه عليه من نمو تلك األفرع .انخفض وزن الكاالس بتقليل الجهد المائي للوسط المغذي
إلى أقل من  - 435.014 MPaباستخدام  1جم/لتر من كلوريد الصوديوم ،بينما استخدام المانيتول لتقليل الجهد
المائي بنفس القيمة السابقة وهي  4( 435.054 MPaجم/لتر) للوسط المغذي ،زود الوزن الطازج للكاالس بشكل
معنوي .كاالسات الجوجوبا عبرت بشكل واضح عن تأثيرات الجهد المائي للوسط المغذي موراشيجي وسكوج
على التعبير الجيني وأشكال إنزيم االستيريز والبروتين.
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