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Abstract: This evaluation study was conducted during two successive seasons (2018 and 2019) on eight
females of Jojoba genotypes (Simmondsia Chinensis (Link) Schneider) shrubs about 4 years old planted at
Horticulture Research Institute- Giza governorate — Egypt. The evaluation includes vegetative growth (shoot
length, leaf surface area, growth habit, growth vigor and leaves characters), flowering, seed production/plant,
physical properties and seed oil percentage. Molecular studies of selected jojoba genotypes were conducted
to determine their genetic diversity based on cpDNA techniques. It can be recommended from this study that
F1, F5, F6 and F8 as the strongest genotypes, F7 and F8 as the most productive female as they recorded the
maximum seeds yield. The top seed physical properties were shown with genotype (F7). Meanwhile, female
shrub (F5) proved the superiority in seeds oil content. Total score for yield; oil; seed weight and fruit density
(100 units). Present the general evaluation of different jojoba genotypes, genotypes (F7 and F8) seemed to be
the superior genotypes it attained the uppermost score units (90.92 & 86.32 and 95.49 & 86.64 units) in two
tested seasons, respectively. The trnL-F intergenic spacer and psbA-trnH intergenic region of cpDNA were
amplified from extracted total genomic DNA. The results indicated that these regions served as a powerful tool

for the identification of the tested genotypes of jojoba and their genetic relationships.
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INTRODUCTION

Jojoba (Simmondsia chinensis), is a woody,
evergreen, dioecious and perennial shrub. It is growing in
desert and semi-desert areas, native to the southwestern
United States and northern Mexico. Due to its high
economic value, it has been introduced to Egypt in 1991
and cultivated by imported seeds from USA [1]. Jojoba is
mainly grown for its seed oil, which represents about
(40-60 %), this oil contains a valuable liquid wax that is
very close to whale sperm [2]. The oil is being utilized by
the cosmetic, pharmaceuticals and other industries for
certain formulations [3]. The high demand for wax in the
cosmetics industry is one of the factors that has been
driving efforts to improve yields and hence profitability.
Following a selection program for female cultivars

producing large amounts of seeds, there has been a
marked expansion of planted areas, particularly in dry
lands [4]. Jojoba is considered one of the most practical
and scientific solutions for desert plantation in Egypt.
Hot summers, warm winters, desert soil and minimal water.
Lesser possibilities for infection, lesser need for fertilizers
and generous financial income, are certainly most
encouraging to plant Jojoba in Egypt [5].

Jojoba can reveal some level of phenotypic variation,
which is the ability to develop various phenotypes in
response to environmental conditions [6]. Direct selection
based on the identification of potential promising
genotypes and their testing after vegetative propagation
has made it possible to improve crops more quickly.
The use of molecular markers is being considered an
important step in the use of advanced techniques to
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identify genetic variation or diversity and to evaluate
the relationships between and within populations [7].
Few comparative analysis studies at the molecular genetic
level have been performed to detect genetic distances
between jojoba genotypes occurring in different regions
[8]. Even, to date, there are no studies performed using
chloroplast DNA (cpDNA) characterization of jojoba
genotypes. Chloroplast DNA (cpDNA) variations give
higher resolution at the population level than nuclear
markers, features which make cpDNA appropriate for
comparative genomic studies [9]. The presence of
polymorphisms at inter-and intra-specific levels has been
revealed by the non-coding chloroplast DNA (cpDNA)
region [10]. The trnL-F intergenic spacer and psbA-trnH
intergenic region of cpDNA are non-coding characters
and this region is more variable than the coding regions.
Some research on the non-coding region exhibited high
variations and mutations more frequently than that of
coding regions [10].

In this paper, morphological, physiological and
molecular studies of selected jojoba genotypes were
conducted to determine their genetic diversity based on
cpDNA techniques. The obtained results can be used to
select the best shrubs to yield and the highest amount of
seeds contained higher oil content.

MATERIALS AND METHODS

A field experiment was conducted at the Horticultural
Research Institute, Agriculture Research Center,
Giza- Egypt, during two successive seasons (2018, 2019).
The aim was to evaluate eight females (F1 to F8) jojoba
elite shrubs (4 years old) which were propagated by seeds
and randomly collected from an open grown plantation
located within the Horticultural Research Institute.
The location is characterized by a semiarid Mediterranean
climate of mild-rainy winters and hot-dry summers.
These shrubs were growing in sandy soil at the distance
of 3 x 1.5 meters and irrigated with drip irrigation system,
irrigated twice weekly and received the same amount of
water and subjected to the regularly recommended culture
practices as well as free from pathogens and physiological
disorders.

Soil chemical and physical characteristics and water
chemical composition were determined by Soil, Water and
Environmental Research Institute, Agric. Res. Center,
according to the methods described by Jackson [11]
(Tables 1 and 2).

Morphological characteristics, flowering, fruiting and
yield as well as seed physical proprieties and genetic

diversity based on cpDNA techniques were carried out as
follows:

Vegetative growth characters of the shrubs:

*  Circumference (m’): was calculated from the
measurements of the height of canopy (H) and it's
two cross diameters (Dland D2) [12].

Twelve branches were selected from the mid-level
and around of the plants, branches characters were
calculated for detailed analysis. On each branch the
following data were collected:

*  Shoot length (cm)

*  Growth habit and natural growth which is divided
into: Straight, drooping and spreading according to
Shaheen et al. [13].

*  Growth vigor estimation; it is divided into the
following categories: Strong, medium and weak
according to Shaheen et al. [13].

* Leaves characters: Number of leaves/shoot was
determined by number of leaves on the labeled
branches and calculates per 1 meter. Leaf surface area
(cm?) was estimated from the following equation: Leaf
surface area = (0.717xA) - 0.095, which (A) is the
product of length by width [14].

Flowering Estimation: Start of flowering date: was
recorded when 10% of flowers were opened for each
shrub. Number of flowers/meter was estimated.

Fruit density (%): no. fruits/shoot length * 100
Yield/shrub (seed production kg/tree): at the harvesting
date, the average yield for each selected genotype was
calculated.

Seed physical proprieties and oil %: Seed length,
width (cm) and seed weight (g). Seed oil content was
extracted by Soxcelt apparatus according to the method
described by Ayerza et al., [15].

Numerical Evaluation: Calculated on the basis of 100
units which were divided among the various fruit
properties according to Hamed [16] with simple
modification as 40 unite for the yield (g/shrub), 30 units,
oil %, 15 units for seed weight (g) and 15 units for Fruit
density (%) Each genotype that gave the best results in
any character was given the full mark specified for this
character, while each of the other tested strains took lower
units to their qualities.
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Table 1: Chemical and physical properties of soil

Cations (meq/L) Soluble anions (megq/ L)
pH 2.5:1 E.C. ds/M (1:5) Ca™ Mg*™ Na* K* CO:s- HCOy Cl- SO, CaCo;,
8.2 1.9 29.6 23.5 88.2 2.7 - 2.3 107.4 343 1.30
Carose sand % Fine sand % Silt % Clay %
42 45.10 9.2 3.7
Table 2: The chemical composition of the irrigation water

Soluble cations (meq/L) Soluble anions (meq/ L)

pH 2.5:1 E.C.ds/M (1:5) Ca™ Mg*™ Na* K* CO;- HCO;y Cl- SOy S.AR
7.12 1.406 1.8 0.7 2.5 0.2 - 0.29 451 0.4 2.23

Table 3: Sequences of the chloroplast trnL-trnF region with primer combinations of (C+D) and (E+F), respectively and trnH-psbA primer

Primer Sequence 5°-3’
C CGAAATCGGTAGACGCTACG
D GGGGATAGAGGGACTTGAAC
E GGTTCAAGTCCCTCTATCCC
F ATTTGAACTGGTGACACGAG
trnH-psbA F GTTATGCATGAACGTAATGCTC
trnH-psbA R CGCGCATGGTGGATTCACAATCC

L 3P

-2 <

’ trnL intron | l trnL-trnF- intergenic spacer |
3' 5'

trnL 5’
exon

trnL. 3’
exon

trnF

Fig. 1: Approximate location of ##nL-F primers used in this study

DNA Extraction and Amplification: Total genomic DNA
was extracted from young fresh leaves of eight females
(F1 to F8) of jojoba strains using the DNeasy plant mini kit
(QIAGEN, Germany) according to the manufacturer's
instructions. The universal primer pairs for chloroplast
trnL-F and trnH-psbA regions were amplified as
recommended by Taberlet ef al. [10] and Hamilton [17]
(Table 3 and Fig. 1). PCR reactions were carried out in
25 pl reaction volumes and included 2 pl of genomic
DNA, 3 pl of a 10X reaction buffer, 3 ul of 2 mM MgCl2,
3 ul of 1 mM dNTP solution, 3 pmol of each primer
and 0.25 U RedTaqTM polymerase (Sigma-Aldrich, St.
Louis, USA). The final volume was adjusted with
deionized distilled water. The cycling parameters
included an initial denaturation step at 96°C for 5 min
followed by 35 cycles of 97°C for 45 s, 48°C for 30 s and
72°C for 90 s. A final extension step at 72°C for 5 min
completed the reactions. Amplified products were
observed on 1.5% agarose gel (1XTBE) with ethidium
bromide staining.

Statistical Analysis: The experiment was arranged in a
randomized complete blocks design and the obtained data
were subjected to analysis of variance (ANOVA) and
significant differences among means were determine
according to Snedecor and Cochran [18]. In addition
significant differences among means were distinguished
according to the Duncan multiple test range Duncan [19]
at probability of 5 %.

RESULTS AND DISCUSSION

Our results revealed extensive variability among eight
female genotypes (probably reflecting the variability in
their genetic backgrounds), which we were able to exploit
for the identification of female shrubs with above-average
reproductive traits.

Vegetative Growth Characters: Based on the analysis of
variance of growth analysis characters (Table 4), the
results revealed the presence of significant differences in
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Table 4: Vegetative growth characters of the female Jojoba genotypes during 2018 and 2019 seasons

Circumference (m?) Shoot length (cm)
Gen. 1* season 2" geason 1* season 2" geason Growth habit Growth vigor
F1 2.99¢ 5.10A 23.838 32.56¢ Straight Strong
F2 2.44E 3.50° 18.86" 32.78¢ Dropping Medium
F3 2.72° 3.20% 16.46" 31.33P Dropping Medium
F4 3.358 3.90¢ 24.85" 27.78F Dropping Medium
F5 1.16" 4.508 30.78* 39.56* Spread Strong
F6 3.974 4.608 20.83P 37.338 Spread Strong
F7 2.82¢P 3.90¢ 22.29¢ 32.67¢ Spread Medium
F8 3914 5.004 16.35° 39.56* Straight Strong
Means followed by the same letter(s) within each column are not significantly different at P 0.05 level using Duncan’s Multiple Range Test.
Table 5: Leaves characters of the female Jojoba genotypes during 2018 and 2019 seasons

Leaves density % No. leaves/shoot LSA* (cm?)

Genotypes 1* season 2™ season 1* season 2™ season 1% season 2" season
Fl1 79.26" 77.94¢ 18.338 25.34P 4.671 4.64¢
F2 96.538 94.518 17.83¢ 30.894 4.83¢ 5.408
F3 103.54 96.824 16.94° 30.338 4.997 6.00"
F4 75.23F 71.27° 18.228 19.11F 5.16" 3.77¢
F5 65.134 61.23F 19.004 23.78F 5.33P 4.69¢
F6 90.76¢ 68.05"% 16.50% 25.56° 5.50¢ 3.38F
F7 82.98P 93.368 17.89¢ 30.894 5.678 4.71¢
F8 72.986 72.63° 12.11% 29.22¢ 5.844 4.41°

Means followed by the same letter(s) within each column are not significantly different at P 0.05 level using Duncan’s Multiple Range Test. *Leaf surface area.

F1 F2

N

F3 F4

Fig. 2: Morphological characters of shoots and seeds of eight female jojoba genotypes

circumference (m’) among eight female jojoba genotypes.
Generally, the behavior of the genotypes differed from
one to another grown under the same cultural conditions.
In this concern, circumference ranged from 1.16 and
3.20 m* (F5, F3) to reach 3.97 and 5.10 m’ (F6, F1) at both
seasons, respectively. Regarding shoot length (Table 4
and Fig. 2) it’s quite clear that shrubs (F5 in first season)
and (F5 and F8 in the second season) had the longest
shoot length (30.78, 39.56 and 39.56 cm), respectively.

Conversely, the shortest shoots were observed in F3 and
F8 genotypes in the first season and F4 in second season.
Regarding the growth habit, genotypes F1 and F8 had
a straight growth habit, while genotypes F5, F6 and
F7 had a spread growth habit whereas genotypes F2, F3
and F4 was dropping growth. It’s shown from the
concerned data that genotypes F1, F5, F6 an F8 had
strong growth, whereas genotypes F2, F3, F4 and F7 had
medium growth.
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Table 6: Date of flowering, number of flowers/shoot and fruit density (%) of the female Jojoba genotypes during 2018 and 2019 seasons

Date of flowering No. flowers/shoot Fruit density %

Genotypes 1% season 2™ season 1* season 2™ season 1* season 2" season
F1 72 8/2 3118 4.00* 12.86" 12.444

F2 20/2 18/2 1.69° 3.33¢ 9.69P 10.22¢

F3 18/2 16/2 1.72° 3.56" 10.39¢ 11.348
F4 2/2 12 2.44¢ 2.44° 10.49¢ 9.41°

F5 2/2 12 2.69% 3.22¢P 9.60P 8.09%

F6 72 8/2 2.69% 2.00F 14.674 5.33F

F7 152 14/2 1.78° 3.11° 8.36" 9.57°

F8 2/2 2/2 1.85° 4.114 10.72¢ 10.18¢

Means followed by the same letter(s) within each column are not significantly different at P 0.05 level using Duncan’s Multiple Range Test

Leaves Characters: Data presented in Table 5 and Fig. 2
proved that leaves density (%) of genotype F3 was
the highest (103.5 and 96.82 %) in both seasons.
However, F5 expressed the lowest values. Regards
number of leaves/shoot genotypes F5 (1* season) and
F7 (2™ season) had the largest number of leaves/shoot
(19.00 and 30.89), respectively. Whereas, F8 (1™ season)
and F4 (2™ season) were the lowest. The greatest values
of leaf surface area were detected with genotype F8 in the
first season (5.84 cm?), while in the second one was
obtained in genotype F3 (6 c¢cm’), whereas F1 and F6
produced leaves with the lowest leaf area.

Al-Sogeer [20] stated that, these significant
variations in growth and physiological parameters among
the genotypes might reflect partially their different genetic
background. Variability in different morphological traits
such as plant height, number of branches, number of
internodes, leaf shape and area was demonstrated by
Esmail ef al. [21]. Genetic differences among genotypes in
plant morphological characters have previously been
reported Prat et al. [22]; El-Sayed [23] and Hammad ez al.
[24]. Benzioni ef al. [25] found that, some clones exhibited
excellent vegetative traits related to yield potential, such
as, rapid growth and extensive branching on Jojoba
evaluation. The characterization of growth habit and vigor
can be coinciding with the bases of identification, this
result in high variability in most characteristics between
the different jojoba genotypes [23]. Botti et al. [26] and
Prat et al. [22] asserted that, all leaf parameters showed
differences among genotypes were due to genetic
variations, could be explained by the natural growth
habits and branching of genotypes.

Flowering Estimation: Among the studied 8 female
genotypes (Table 6), the date of starting flowering,
showed that three female shrubs (F4, F5 and F8) bloomed
early (first week of February) and two female genotypes
(F1 and F6) were middle bloomers (second week of
February) and three strains (F2, F3 and F7) were late

bloomed. Presented data also indicated that, number of
flowers/shoot showed high variation between the
selected female jojoba genotypes and ranged from (1.69)
to (4.11) flowers/shoot. F1 in both seasons and F8 in 2™
season recorded the highest number of flowers/shoot.
Regarding fruit density %, the 8 female genotypes studied
in 2018 and 2019 showed wide variability in the number
of fruits / Im branch, genotypes F6 (1* season) and F1
(2™ season) had the greatest values (14.67 and 12.44).
However, F7 (1% season) and F6 (2™ season) had the
lowest records in this regard.

Seed Production and Seed Physical Properties: It can be
noticed in Table (7) that, there were obvious significant
differences in seed production among shrubs. Genotypes
F7 and F8 had the potential to produce the highest seed
yield/shrub (857.7, 1072.2 and 910.0, 1062.0 g/tree).
Meanwhile, Genotype F3 produced the lowest yield
(346.7 and 402.6 g/tree). Table (7) and Fig. (3)
demonstrated the physical characterization of jojoba
seeds of each genotype. It is obvious that genotype F7
surpassed other female genotypes in average seed length,
diameter and weight. Moreover, F3 produced the shortest
seeds. These data was clear in both seasons of study.

These results can be harmony with Botti et al. [26]
on Jojoba. The genotypes were not coincident in the year
of highest or lowest production, suggesting different
responses of the genotype-environment interaction.
Also, the average yield varied greatly between years and
genotypes [27]. Al-Sogeer [28] noted that, jojoba seed
weight ranged from 0.57 to 0.80 g, Ayerza et al. [15]
reported that seed weight (100 seeds) ranged from 48 to
116 g. High-yielding plants with larger seeds appeal to
jojoba plant selectors because larger seeds are easier to
harvest and handle [29]. Plant growth, yield and seed oil
content and demonstrated that yield per unit area showed
high variation between the selected jojoba genotypes and
seasons and stated that seed weight ranged from 0.56 to
1.17 g [30].



Table 7: Seed production and seed physical properties of the female Jojoba genotypes during 2018 and 2019 seasons

Am-Euras. J. Agric. & Environ. Sci., 21 (1): 01-10, 2021

Seed
Production g/tree Length (cm) Diameter (cm) Weight (g)

Genotypes 1* season 2™ season 1* season 2™ season 1* season 2™ season 1* season 2™ season
F1 411.76 500.00F 1.41¢ 1.62° 1.14¢ 1.06¢ 1.30® 1.21¢P
F2 455.0° 558.6° 1.32° 1.38% 1.17¢ 1.1848 1.23¢ 1.26¢
F3 346.7" 402.69 1.30° 1.326 1.17¢ 1.194 1.11° 1.17°F
F4 416.0° 496.09 1.64¢ 1.65¢ 1.15¢ 1.01° 1.298 1.08°
F5 436.7° 541.2% 1.64¢ 1.67¢ 1.15¢ 1.16® 1.28® 1.338
Fo6 520.3¢ 628.0¢ 1.72% 1.73% 1.21® 1.1848 1.338 1.338
F7 857.7% 1072.2* 1.82% 1.774 1.244 1.214 1.414 1.494
F8 910.0* 1062.08 1.63¢ 1.52F 1.02° 1.07¢ 1.13P 1.135F

Means followed by the same letter(s) within each column are not significantly different at P 0.05 level using Duncan’s Multiple Range Test

E1 E2

E3

Fig. 3: Seed physical properties of eight female jojoba genotypes

F

W |si season

Fig. 4: Seed oil % of eight jojoba genotypes

Seed Oil % of Jojoba Genotypes: The results for seed oil
percentage (liquid wax) (Fig. 4) revealed that, significant
differences were seen among jojoba genotypes, the
genotype F5 and F7 recorded the highest oil percent
(43 and 45 %) and (41.5 and 44.5 %) in both seasons,
respectively. On the other hand, F3 gave the lowest
oil percent (29.70 and 30.5 %) in both seasons,
respectively.

These results are in line with this report by Cappillino
et al. [31]. However, there were discrepancies between the
results of the oil content analysis of these genotypes and
the results reported earlier by Ayerza et al. [15] and Botti

3 F.

Seed oil %o

B 2nd season

et al. [26]. These differences in the annual variability in oil
production due to the genetic-environment interaction
have been reported in other arid zone species such as the
olive and the moringa tree (Ayerza, [32] and (Ayerza [33]
on jojoba.

Numerical Evaluation

Total Score for Yield and Fruit Quality (100 Unit): Data
in Table (9) present the general evaluation of different
jojoba genotypes, data cleared that, genotypes (F7 and
F8) seemed to be the superior genotypes in yield (g/tree);
oil %; seed weight (g) and fruit density (%) as it attained
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Table 9: General score evaluation of the eight evaluated jojoba genotypes during 2018 and 2019 seasons

Parameters Yield Oil Seed weight Fruit density Total Units
Units specified 40 30 15 15 100
First season

Fl1 18.10 22.00 13.83 13.15 67.08
F2 20.00 23.33 13.09 9.91 66.33
F3 15.24 20.00 11.81 10.62 57.67
F4 18.29 22.00 13.72 10.73 64.74
F5 19.20 30.00 13.62 9.82 72.63
F6 22.87 21.33 14.15 15.00 73.35
F7 37.70 29.67 15.00 8.55 90.92
F8 40.00 23.33 12.02 10.96 86.32
Second season

Fl1 18.83 25.95 12.18 15.00 71.97
F2 21.04 22.74 12.68 12.32 68.79
F3 15.16 20.72 11.78 12.32 59.99
F4 18.68 22.47 10.87 11.35 63.37
F5 20.38 30.00 13.39 9.75 73.53
F6 23.65 21.98 13.39 6.43 65.45
F7 40.00 28.95 15.00 11.54 95.49
F8 39.62 23.37 11.38 12.27 86.64

the uppermost score units (90.92 & 86.32 and 95.49, 86.64
units) in two tested seasons, respectively. On the other
hand, the genotype (F7 and F8) produced higher yields,
as well as the genotypes (F5 and F7) recorded higher oil
(%) parameter, while the genotype (F7 and F6) surpassed
in seed weight (g). While, the genotypes (F6 and F1) took
the highest units in fruit density (%), in both evaluation
seasons.

The tested genotypes could be arranged descending
based on yield and oil % (70 units) as follows: F7 (67.37
and 68.95 unit), F8 (63.33 and 62.99 unit), F5 (49.20 and
50.38 unit), F6 (44.20 and 45.63 unit), F2 & F1 (43.33 and
44.79 unit), F4 and F2 (40.29 and 43.78 unit), F1 & F4
(40.10 and 41.15 unit) and F3 (35.24 and 35.88 unit) during
two tested seasons, respectively. The present results are
in harmony with those obtained by Hamed [16] and
Ibrahim et al. [34] on date palm cultivars.

Amplification of DNA Coding for trnL-trnF and
psbA-trnH Intergenic Region: The intron of the
chloroplast trnL. (UAA) gene and the trnL-trnF region
were amplified with primer combinations of (C+D) and
(E+F), respectively as recommended by Taberlet et al. [10]
(Table 3 and Fig. 1). The PCR amplification of trnL-trnF
region was successfully obtained for all selected
genotypes; the samples had PCR products ranged from
450 to 500bp. Meanwhile, PCR amplification of the trnL
intron was successfully obtained only for genotypes F1,
F2, F5, F6 and F8 and amplification was not successful for
the genotypes F3, F4 and F7. The length of the amplified
fragments ranged from 700 to 750 bp. among the selected
genotypes (Fig. 5).

The trnL-F intergenic spacer of cpDNA is non-coding
characters and this region is more variable than the
coding regions. The trnL intron and trnL-F spacer have
been considered appropriate for investigations at various
taxonomic levels. Analyses of non-coding chloroplast
DNA sequences have revealed the existence of
polymorphisms at the inter-and intra-specific levels
[10, 35, 36]. According to our PCR experiments, the trnL.
intron was inferred to be present in five genotypes and
absent in other three selected genotypes. The frequent
loss of the intron reported in the parasitic plant Epifagus
virginiana [37, 38]. The exact loss of intron from other
chloroplast genes have been reported from other
chloroplast genes [39, 40]. For instance, three
insertions/deletions and three substitutions were
observed between the trnL (3' exon) - trnF intergenic
spacer region, of Acer pseudoplatanus and Acer
platanoides [10]. One possible mechanism for the loss of
trnL intron might be genomic deletion and in-frame intron
deletion [41].

PCR amplification of psbA-trnH intergenic region
was successfully obtained for five female jojoba strains
(F4, F5, F6, F7 and F8). The samples had PCR products of
about 280bp. Thus, the chloroplast psbA-trnH
intergenic region gene is losing from the chloroplast
genome of jojoba strains F1, F2 and F3. The failure of
psbA-trnH intergenic region amplification in seedling
plants may be due to nucleotide variations as single-
nucleotide replacements that prevent PCR amplification
[42]. The psbA-trnH intergenic region is one of the most
variable regions in the angiosperm chloroplast genome.
It is a common tool for plant population genetics and
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Fig. 5: Agrose gel showing amplified trnL intron (C-D) primer(a), trnL-trnF region (E+F) primer (b) and trnH-psb
intergenic region (c) for selected eight jojoba genotypes., Lane M: 100 bp. Ladder.
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Fig. 6: Dendrogram using average linkage (between groups)

species-level phylogenetics [43]. The psbA gene encodes
the D1 reaction center protein of photosystem II. The role
of chloroplast psbA UTRs in the regulation of gene
expression has been investigated intensively for more
than twenty years [44].

Cluster Analysis: The UPGMA cluster analysis of
genetic distances generated dendrogram (Fig. 6) which
showed the genetic relationship among the selected
genotypes (F1 to F8). The analysis illustrated that
selected jojoba genotypes fell into two main clusters.
The first main cluster was divided into two groups; the
first one contains only F3 genotype. However, the second
group involved F7 and F4 genotypes. Meanwhile, the
second main cluster was divided into two groups: the first
one grouped two females (F1) and (F2) and the second
group involved F5, F8 and F6 genotypes.

The main hypothesis about how several species or
other groups developed from a common ancestor and how
they are related to each other is the analysis of a
phylogenetic tree. The produced pattern indicated that
female strains (F5, F8 and F6) have the same branch and
very related to each other. However, strains (Fland F2)
are related to the same cluster but with a different branch
with the same branch point. The other cluster containing
two branches, the first one grouped strains F4 and F7
which are closely related to each other but less related to
the strain F3 in the second branch. These results are
expected due to the selected jojoba genotypes were clone
plants from the same cultivated area as indicated before.
These results in agreement with Nahla et al. [45], revealed
different relationships among the ten female and two male
of jojoba genotypes using ISSR based dendrogram.

CONCLUSION

It could be concluded that the tested eight female
Jojoba genotypes were significantly different in
morphological characteristics, physiological aspects and
genetic analysis. These variations are valuable in the
breeding program and contribute to the germplasm
collection and management of jojoba plants.
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