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The present study aimed to induce mutation in jojoba Simmondsia chinensis L. in order to increase 
salinity tolerance using the chemical mutagen ethyl methane sulfonate (EMS). Micro cuttings of jojoba 
(Simmondsia chinensis L.) were treated with EMS at 0.0, 1%, 2%, 3% and 4% concentrations. 
Afterwards, to evaluate the reaction of the resulting mutagenized tissues to salinity stress; Regenerated 
shoots were treated with sea salt concentrations at 0.0, 15%, 25%, 50% and 100.0% during two 
successive seasons of 2016 and 2018. Results showed that treated shoots from both 3% and 4% EMS 
concentrations had high survival percentage of (80.0% and 73.30% respectively) when treated with 25% 
of sea salt. Moreover, jojoba shoots treated with EMS concentrations 3% and 4% gave a high survival 
percentage when treated with sea salt concentration 50% (73.30 % and 66.6%, respectively). Shoot 
length and number of leaves were affected by salinity stress compare to control. But there was 
significant increase in number of shoots in all salinity treatments compare to control.  Random amplified 
polymorphic DNA (RAPD) analysis was performed to determine whether EMS treatments could induce 
genetic variability. RAPD analysis had successfully generated identifiable polymorphic products. Five 
random 8-mer primers were used to amplify genomic DNA of two EMS treated jojoba plants samples 
that exhibited high salinity tolerance compared to control. Which produced 142 detectable bands, of 
which 50 (35.2%) was polymorphic. In conclusion, treatment with 3% and 4% EMS mutagen 
concentrations under 25% and 50% sea salt concentration gave high survival percentage in jojoba 
shoots. 
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INTRODUCTION 

Jojoba, Simmondsia chinensis (Link) 
Schneider belongs to the family Simmondsiaceae. 
It is a perennial shrub that is native to the Sonoran 
desert, arid and semi-arid areas (Kumar et al., 
2012; Benzioni, A. 1995). Which makes it 
naturally adapted to soil salinity, high temperature 
and tolerates hard environmental conditions 

therefore can grow easily in Egypt. Jojoba is a 
non-traditional crop that developed its importance 
over the past years at international level due to its 
dry seeds that contain 40 – 60% lipids in the form 
of a wax, which is unique in the plant kingdom. 
This wax consists of chain esters of mono 
unsaturated fatty acids and alcohols of 20-24 
carbons (Reddy and Chikara, 2010; Zaher et al., 
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2004). The unique jojoba wax known as jojoba oil 
and its derivatives are widely used in cosmetics 
(Ayerza, R. 2001), lubricants, pharmaceuticals, 
gear additives, anti-foaming agent and in polish 
industries (Kumar et al., 2012; Agrawal et al., 
2002). The seed-oil can also be used as an 
alternate fuel oil with fewer pollutants [lower CO2 
and CO emission] and exhaust is free of harmful 
SO2 (Kumar et al., 2009). Conventionally, Jojoba 
S. chinensis is propagated through seeds, 
seedlings and stem cuttings (Bala et al., 2015). 
Successful regeneration of jojoba plants from 
tissue culture offers excellent opportunities for 
improvement.  (Bekheet, et al., 2015; Sunil, et al., 
2009; Singh, et al., 2008; Bashir, et al., 2007a; 
Singh, et al., 2004; Jacoboni, A. and Standardi, A. 
1987). Tissue culture techniques have been used 
to induce genetic variability to improve crop plants 
(Larkin and Scowcroft, 1981). Now, in vitro 
mutagenesis is a better and efficient technique 
that combines advantages of both tissue culture 
techniques and induced mutation strategy (Xu, et 
al., 2012). Induced mutation technique provides 
genetic variation in plants by improving a specific 
character without altering the original genetic 
makeup of the plant. Not to mention, it is a simple, 
efficient, rapid and cheap method to obtain 
desired genotypes from otherwise well-adapted 
genotypes (Colomba, et al., 2011; Toker, 2007; 
Gottaschalk, 1986). In addition, this technique has 
been extensively used to induce point mutations 
through the use of EMS. EMS Ethyle Methane 
Sulfonate is a chemical mutagen of the alkylating 
group that has been widely utilized in plant 
mutation breeding including some fruit crops 
(Predieri, 2001). EMS generates point mutations 
in DNA by transforming guanine to adenine. 
(Reiner and Zamenhof, 1957). “Point mutations 
generated by EMS may lead to a wide range of 
reactions to gene function, including complete 
loss of gene function, partially reduced function, 
qualitative altered function and constitutive 
function”. (Weigel and Glazebrook, 2002). 
Moreover, it can cause high frequency of gene 
mutations and low frequency of chromosome 
aberrations (Rocha Latado et al., 2004; Jain, 
2005; Luan et al., 2007 and Van Harten, 1998). 
These mutations have been useful in breeding for 
abiotic stresses. Among abiotic stresses, soil 
salinity which is a major environmental factor 
constraining crop plant productivity worldwide 
(Munns and Tester, 2008). Almost 20% of the 
world’s irrigated land is saline; in Egypt this 
percentage escalates to more than 30%. 
(Ghassemi et al., 1995) which make it imperative 

to cultivate plants that is salt-tolerant. 
Furthermore, breeding of salt-tolerant crops is 
crucial for optimal agriculture (Chauhan and 
Kumar 2014; Luan et al., 2007; Chinnusamy et al., 
2006). A large population of mutants was 
developed by EMS mutagenesis (Hutcheon et al., 
2010). It was successfully used to create genetic 
variation in different species; such as, salinity 
tolerance in Jatropha curcas (Elsayeh, 2015), 
herbicide resistance in Arabidopsis (Jander et al., 
2003), fatty acid changes in Flax (Rowland, 1991), 
and early flowering in Spring Rape (Thurling and 
Depittayana, 1992). Therefore, the objective of 
this study is to investigate the effect of different 
EMS mutagen concentrations and sea salt 
concentrations on improving salinity resistance of 
jojoba Simmondsia chinensis shoots under salt 
stress. 
 
MATERIALS AND METHODS 

The present study was carried out through the 
years 2016 to 2018 at the Agricultural Systems 
Development Project (Egypt/California project), 
tissue culture laboratory Faculty of Agriculture, 
Cairo University; to investigate the effect of 
different EMS mutagen concentrations on the 
survival percentage and growth of in vitro jojoba 
shoots using different sea salt concentrations. A 
12 year old jojoba female plant from seed was 
used in the present study.  

Sterilizations of explants:  
Micro cuttings of jojoba Simmondsia chinensis 

L. were used as an explant. Actively growing 
shoots were collected and washed in running tap 
water for 30 minutes to remove superficial dust 
particles, and then leaves were removed. Shoots 
were dissected into micro cuttings (2.5-3.0 cm). 
These explants were washed again using 10 g/l 
commercial detergent solution followed by rinse in 
running tap water for 60 minutes. Surface 
sterilization of explants was conducted in laminar 
air flow hood by using commercial (Clorox, 5.25% 
w/v Sodium hypochlorite, NaOCl). Explants were 
dipped in 20% Clorox and stirred for 20 minutes 
followed by thoroughly washing 3 times with 
sterilized distilled water. Then explants were 
dipped in 70% Ethanol and stirred for one minute 
then rinsed three times with sterilized distilled 
water. 
Culture conditions: 

 Explants were cultured on ¾ MS medium 
(Murashige and Skoog, 1962) containing 35g/l 
Sugar, 8 g/l agar, hormone free medium. pH of 
media was adjusted to 5.7 ± 0.1 using either .01 N 
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NaOH or 0.1 N HCl prior to adding agar. Then 
media were dispensed 30 cm3 in jars (200 ml) 
enclosed with polypropylene caps. And media 
were autoclaved at 121º C and 1.05 kg cm-2 for 20 
minutes before using.  

In vitro shoot formation: 
For shoot formation, all cultures were 

incubated at 25±1º C under white fluorescent light 
with a photo period of 16h light (intensity of 2000 
Lux) and 8h of darkness. Survival percentage, 
shoot number and length were measured after 
four weeks of culturing. 

EMS mutation treatment 
In vitro shoots were derived from explants 

grown on multiplication medium supplemented 
with BA 3.0 mg/l + Kinetin 1.0 mg/l for best 
multiplication. Four different concentrations of 
EMS were used in this experiment 0.0, 1, 2, 3 and 
4% to be investigated. Each treatment contained 
3 jars with 15 explants. The experiment re-
cultured three times every four weeks. Data were 
recorded as survival percentage, number of 
shoots, number of leaves and shoot length. 

Salinity treatment 
Shoots from previous experiment which was 

applied with EMS were treated with different 
concentrations of sea salt 0.0, 15%, 25%, 50% 
and 100% to be investigated. Then shoots from 
each treatment were cultured on the best 
multiplication medium which consists of  ¾ MS 
supplemented with BA 3.0 mg/l + Kinetin 1.0 mg/l. 
after four weeks data were recorded as survival 
percentage, number of shoots, number of leaves 
and shoot length. 

Rooting and acclimatization 
In vitro developed shoots from previous 

treatments were transferred for root induction on 
¾ MS medium supplemented with IBA at 4.0 mg/l 
for best root induction. For hardening and 
acclimatization well rooted plantlets were rinsed 
with sterilized distilled water to remove residual 
nutrient from plant. Then plantlets were 
transferred to plastic cups containing sterile peat 
moss, sand and perlite (1:1:1) and cover the cups 
with polyethylene and maintain in tissue culture 
conditions. Then well-developed plantlets were 
transferred to a bigger pot and kept in greenhouse 
then finally transferred to the open field. 

Randomly amplified polymorphic DNA (RAPD-
PCR) 

DNA extraction 
RAPD-PCR reactions were conducted using 

five random 8-mer primers. Their codes and 
sequences are shown in (Table 1). Total genomic 
DNA was extracted from young green leaves of 
jojoba Simmondsia chinensis tested genotypes by 
using Qiagen DNeasy Plant Minikit following the 
protocol of the manufacturer (Qiagen Inc, 
Valencia, CA). The quality of the extracted DNA 
was assessed on agarose gel electrophoresis. 

DNA amplification 
PCR was performed using five preselected 

ISSR primers based on their ability to generate 
reproducible and informative amplification 
patterns. Their codes and sequences are shown 
in (Table 1). Amplification was performed for 35 
cycles in 25 μl reaction mix. Amplification 
reactions were carried out in Biometra TOne 
Thermal Cycler (Analytik Jena, Jena, Germany) 
programmed as follows: initial denaturation step at 
94ºC for 5 minutes, followed by 35 cycles of 30 
seconds at 94ºC, 1 minute 50ºC and 1 minute at 
72ºC; Followed by 7 minutes incubation period at 
72ºC. The amplification products were stored at 
4ºC before analysis. 
Table(1): Sequence of the five arbitrary 
primers assayed in RAPD-PCR 

DNA electrophoresis 
ISSR amplification products were analyzed by 

gel electrophoresis in 1.8% agarose in 1x SB 
buffer (2.25 g/L Boric acid + 0.4 g/L NaOH), 
stained with ethidium bromide (0.5 μg/ml) and 
digitally photographed under Ultraviolet light at 
300 nm. 

Statistical analysis 
Experiments were designed in randomized 

complete design. Each treatment was performed 
in 3jars containing five explants and each 
experiment was replicated three times. Data were 
subjected to analysis of variance by MSTAT 
(1990) computer statistical analysis program. 
Duncan’s multiple range test at 5% level of 
significance (p=0.05) was used for means 

No. Primer code Sequence (5'→3') 

1 SR-11 AGAGAGAGAGAGAGAGT 

2 SR-12* AGAGAGAGAGAGAGAGYA 

3 SR-13* AGAGAGAGAGAGAGAGYC 

4 SR-35 GACAGACAGACAGACAAT 

5 SR-47* HVHCACACACACACACAT 

* H (non-G) = A, C, or T; V (non-T) = A, C, or G: Y= C or T 
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comparisons according to (Snedecor and 
Cochran, 1972). 
 
RESULTS  

Effect of EMS mutation and salinity treatments 
on jojoba shoots growth:  

Data in table (2) show significant differences 
of the growth of in vitro jojoba shoots resulted 
from treatment with EMS mutagen using 1%, 2%, 
3% and 4% concentrations under four different 
levels of sea salt concentrations 15%, 25%, 50% 
and 100% compared to control. A significant 
decrease in survival percentage among all 
treatments was detected. Data presented in table 
(2) indicate that, treatment with EMS mutagen 1% 
and sea salt 15%, 25%, 50% and 100% 
concentrations; survival percentage was 73.22%, 
66.61%, 33.30% and 0.00%, respectively 
compared to 86.66% in control. While, treatment 
with EMS mutagen 2% and sea salt 15%, 25%, 
50% and 100% concentrations had resulted in 
survival percentage of 80%, 60%, 40% and 
0.00%, respectively compared to 93.33% in 
control. Also, survival percentage was 86.44%, 
80%, 73% and 0.00% respectively compared to 
93.33% in control with shoots treated with EMS 
mutagen 3% and sea salt 15%, 25%, 50% and 
100% concentrations. Moreover, survival 
percentage was 93.33%, 73.30%, 66.66% and 
0.00% respectively compared to 93.53% in control 
with shoots treated with EMS mutagen 4% and 
sea salt 15%, 25%, 50% and 100% 
concentrations. It is well documented that, Plant 
mutation provides a substitute for the induction of 
genetic variability, so as to increase the capacity 
of the gene pool available for improvement in 
order to develop new plant varieties (Suprasanna 
et al., 2015). Furthermore, available genetic 
variability could be developed through Plant tissue 
culture and mutagenesis techniques and 
significantly cut down the time needed for 
development of new plant varieties (Serrat et al., 
2014). EMS mainly induces C to T substitutions, 
resulting in C/G to T/A transitions, and 
infrequently, it generates G/C to C/G or G/C to 
T/A transversions (Serrat et al., 2014). Such 
transitions generate multiple alleles within a given 
gene, giving rise to several classes of mutations, 
including nonsense, missense, and splicing 
mutants (Acanda et al., 2014). Data also revealed 
that, all treated jojoba shoots with EMS treatments 
concentrations 1%, 2%, 3% and 4% had died by 
increasing sea salt concentrations to 100%. This 
may be due to the need of higher EMS mutagen 

concentration, this point need further 
investigation. Chemical mutagens, such as ethyl 
methane sulfonate (EMS), have been used in crop 
breeding for developing mutants (Appels et al., 
1998; Leitão 2012; Wannajindaporn et al., 2014). 
Moreover, EMS became one of the most 
frequently used chemical mutagens in plants as it 
is effective, reliable and powerful (Brockman et 
al., 1984). Data in table (2) indicate significant 
differences among control and sea salt treatments 
in number of shoots. There was significant 
increase in both EMS concentrations treatments 
3% and 4% with sea salt 50% number of shoots 
were 1.78 and 2.61, respectively compared to 
1.13 and 1.20 in control, respectively. In addition, 
there was an overall significant increase in 
number of shoots among all sea salt treatments. 
In regards to shoot length, data presented in table 
(2) showed an overall significant decrease of 
shoot length in all sea salt treatments compared 
to control. Shoots treated with EMS mutagen 3% 
under 50% sea salt concentration showed 
decreased shoot length 3.02cm compared to 
control 3.93cm. While, results were 3.71cm, 
3.52cm, respectively under sea salt 
concentrations 15% and 25%, respectively. Also, 
Shoots treated with EMS mutagen 4% under 50% 
sea salt concentration showed decreased shoot 
length 2.98cm compared to control 4.04cm. These 
results are in agreement with Shiyab et al., (2003) 
who studied the growth and nutrient uptake by 
sour orange under salt stress in vitro. And found 
that, growth (shoot length, leaf number and dry 
weight) had decreased with elevated salinity 
levels. Moreover, growth parameters reduction 
may be attributed to NaCl which suppresses both 
cell division and cell expansion (Munns and 
Tester 2008). Data presented in table (2) 
indicated that Shoots treated with EMS mutagen 
3% and 4% concentrations under 25% and 50% 
sea salt concentration showed significant decline 
in number of leaves 5.55 and 5.49, respectively 
compared to control 6.92. Also, 5.53 and 5.61 
respectively compared to control 7.03. According 
to (Hasegawa et al., 2000) reactive oxygen 
species-ROS production is increased under saline 
conditions. And their higher concentrations in the 
absence of any protective mechanism seriously 
could disrupt normal metabolism of plants through 
oxidation of membrane lipids, proteins and nucleic 
acids (Noctor and Foyer, 1998; Ferreira and Lima-
Costa 2006). 
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Table (2): Effect of different concentrations of EMS and sea salt on the survival percentage, 
number of shoots, Shoot length and number of leaves of jojoba Simmondsia chinensis L. during 
2016 and 2018.

RAPD-PCR molecular analysis: 
Data of the Polymerase chain reaction using 

five random primers (8-mer) for the three jojoba 
Simmondsia chinensis samples revealed success 
in amplifying DNA fragments. Polymorphism 
levels differed from one primer to the other. The 
number of total amplified fragments (TAF) and 
polymorphic bands (PB) for each primer, amplified 
fragments (AF) for each jojoba sample are shown 
in (Table 3). Primers (SR-11, SR-12, SR-13, SR-
35 and SR-47) were used to generate RAPD 
profiles from jojoba Simmondsia chinensis (Fig. 
4). Amplification results of the jojoba Simmondsia 
chinensis obtained by the examined primers are 
shown in (Table 3). Analysis using agarose gel 
electrophoresis allowed the observation of 142 
fragments. And the number of amplified DNA 
fragment by each primer ranged from 22 to 37 
fragments. SR-12 amplified the highest number of 
fragments (37) while SR-47 produced the lowest 
number of bands (22). The size of these 
fragments ranged from 100 to 3000 bp. All the 
used primers produced polymorphic bands (Table 
3). Of the 142 bands, 50 bands (35.2%) exhibited 
polymorphisms, whereas the remaining 92 bands 

(64.8%) were monomorphic (Table 3). The total 
number of Polymorphic bands was (50). The 
highest number of polymorphic bands (20) was 
obtained by SR-35 primer and the lowest was (4) 
obtained by SR-13 and SR-47 primers. Therefore, 
the polymorphism percentage revealed by the 
different primers ranged from 16.66% to 62.50% 
detecting genetic variation. 

Genetic similarity based on RAPD markers: 
The polymorphic bands were used to 

construct a dendrogram based on cluster analysis 
using the weighted pair group method with 
arithmetic mean (UPGMA; Fig. 5) and table (4).  
EMS treated jojoba samples and control 
dendrogram indicated the genetic distance of the 
studied genotypes, since they were placed in 
different clusters/groups. The dendrogram 
grouped the EMS treated jojoba, and control 
samples into two clusters at a genetic similarity 
level of 69-46%. One subgroup has grouped the 
samples exposed to EMS E1 with control and the 
second subgroup included only samples exposed 
to EMS E2 (Fig. 5). 
 
 

EMS 
concentration 

Sea salt 
concentration 

Survival  
% 

Number of 
shoots 

Shoot length 
(cm) 

Number of  
leaves 

1% 

Control 86.66 A 1.05 D 3.63  A 6.17  A 

15 % 73.22 B 1.50 A 3.21  B 4.21  B 

25 % 66.00  C 1.33  B 3.03  C 2.71  C 

50 % 33.30  D 1.25  C 2.51  D 2.62  D 

100 % 0.00  E 0.00  E 0.00  E 0.00 E 

LSD (0.05) 0.74 0.03 0.06 0.03 

2% 

Control 93.33  A 1.12  D 3.44  A 6.02  A 

15 % 80.00  B 2.31  A 2.91  B 5.80  B 

25 % 60.00  C 1.93  B 2.35  C 4.53  C 

50 % 40.00  D 1.50  C 1.91  D 3.05  D 

100 % 0.00   E 0.00  E 0.00  E 0.00  E 

LSD (0.05) 0.25 0.03 0.02 0.04 

3% 

Control 93.33  A 1.13  C 3.93  A 6.92  A 

15 % 86.44  B 1.91  A 3.71  B 6.11  B 

25 % 80.00  C 1.85  AB 3.52  C 5.55  C 

50 % 73.30  D 1.78  B 3.02  D 5.49  D 

100 % 0.00   E 0.00  D 0.00  E 0.00  E 

LSD (0.05) 0.60 0.07 0.04 0.06 

4% 

Control 99.53  A 1.20  C 4.04  A 7.03  A 

15 % 93.33  B 2.93  A 3.12  B 6.11  B 

25 % 73.30  C 2.91  A 2.71  D 5.53  D 

50 % 66.66  D 2.61  B 2.98  C 5.61  C 

100 % 0.00  E 0.00  D 0.00  E 0.00  E 

LSD (0.05) 0.21 0.02 0.03 0.04 
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Table (3): Polymorphism and its percentage as detected using five RAPD primers 
 

 
 
 
 
 
 
 
 

 
Table (4): Genetic similarity as detected RAPD 

 
 
 
 
 

 
 

Fig. (1): Effect of different EMS concentrations on shoot formation of jojoba 

Primer name 
Total number 

 of bands 
Monomorphic 

 bands 
Polymorphic 

 bands 
Unique 
 bands 

Polymorphism 
(%) 

SR-11 27 15 12 0 44.44% 

SR-12 37 18 10 9 27.027% 

SR-13 24 18 4 2 16.66% 

SR-35 32 6 20 6 62.50% 

SR-47 22 18 4 0 18.18% 

Total 142 75 50 17  

Average 28.4 15 10 3.4  

EMS control E1 E2 

control 100 
  

E1 69 100 
 

E2 46 46 100 
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Fig. (2): Effect of different concentrations of sea salt on jojoba shoots treated with EMS mutagen.  

(Ctrl) control Shoots.                        
(A) Shoots treated with 3% EMS+ 25% sea salt.  
 (B) Shoots treated with 3% EMS+ 50% sea salt.   
(C) Shoots treated with 4% EMS+ 25% sea salt. 
(D) Shoots treated with 4% EMS+ 50% sea salt.   
(E) Shoots treated with 100% sea salt.     
 
 
 

 
Fig. (3): Rooting and acclimatization stages of jojoba. 
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Fig. 4. Agarose-gel electrophoresis of RAPD-PCR  products generated using five primers (SR-11, 
SR-12, SR-13, SR-35 and SR-47) in two EMS treated samples of jojoba (Simmondsia chinensis) 

and the control sample. 
 

 
Fig. (5): Dendrogram of genetic similarity using average linkage (Between Groups) among the 

different jojoba Simmondsia chinensis based on RAPD-PCR results. 
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CONCLUSION 
EMS mutagen with 3% concentration and 

under 25% and 50% sea salt salinity stress 
resulted in survival percentage of 80% and 
73.30% respectively compared to 93.33% control. 
Furthermore, EMS mutagen with 4% 
concentration and under 25% and 50% sea salt 
salinity stress resulted in survival percentage of 
73.30% and 66.66% respectively compared to 
control of 99.53%.  Based on these results, it can 
be concluded that using EMS mutagen through in 
vitro procedure has been very successful in 
inducing new genetic variability that made jojoba 
shoots tolerate salinity up to 25% and 50% of sea 
salt concentrations. It is recommended to use the 
new mutant plants in plantations that are irrigated 
with quarter or half sea water concentrations. This 
will lead to the increase of the horizontal 
expansion of the production of jojoba plants in 
saline areas that could not be otherwise 
cultivated. And make use of a very important cash 
crop. 
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