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ojoba (Simmondsia chinensis) is a 
dioecious shrub, native to the south-

western United States and northern Mexi-
co, it is a nontraditional crop that can 
grow in arid and semi-arid areas, in addi-
tion, it is naturally adapted to saline soils 
and high-temperature environments (Al-
Ani et al., 1972). Jojoba cultivated mainly 
for its seed oil, which contains liquid wax 
very similar to whale sperm in value. Seed 
oil is highly valued for their use in a wide 
range of pharmaceutical industry, also as 
biodegradable lubricants in the motor in-
dustry and as a biofuel product (Aburjai 
and Natsheh 2003; Baldwin, 1988). The 
use of jojoba in biofuel production has 
many advantages because the plant is non-
edible, unlike corn or sugarcane, and can 
be irrigated with low quality water and 
cultivated in areas with high levels of 
drought, salinity and heat. The nature of 
the environment and weather in Egypt is 
suitable and encouraging for jojoba plant 
(Borlaug, 1985). Indeed, one of the main 
corners of the Egyptian economy is Agri-
culture; therefore, improving agricultural 

systems and irrigation strategies must be 
of great concern. Because of the above-
mentioned reasons, the increase of jojoba 
cultivation is recommended. The identifi-
cation and differentiation of male and fe-
male jojoba plants are very crucial during 
cultivation. Therefore, the use of tradi-
tional methods based on morphological 
criteria as well as the molecular methods 
is very important approaches. DNA bar-
coding is a tool for species identification 
that amplify a specific region of DNA and 
sequencing to create a global database of 
living organisms (Hebert et al., 2003). 
CBOL Plant Working Group (Consortium 
for the Barcode of Life: 
www.barcoding.si.edu) proposed portions 
of two coding regions from chloroplast 
genome (rbcL and matK) as a “core bar-
code” for plants in 2009 and to be sup-
plemented with additional regions as re-
quired. In recent years DNA barcoding 
has been developing rapidly for a wide 
range of applications. Four plant DNA 
barcode markers, rbcL (Ribulose bisphos-
phate carboxylase), matK (MaturaseK), 
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trnH psbA (intergenic spacer region) and 
ITS2 (internal transcribed spacer 2), have 
been developed and used. Most plant 
DNA barcodes are located in the chloro-
plast genome, either within coding se-
quences (such as rbcL and matK) or in 
intergenic regions (such as trnH-psbA) 
(Group, et al., 2009). However, some nu-
clear loci have been used as DNA bar-
codes, such as the internal transcribed 
spacer of the ribosomal DNA (ITS) (Bol-
son et al., 2015). Chase et al., (1993) em-
ployed rbcL as a marker for several early 
plant phylogenetic studies and soon this 
marker became popular in that field. The 
sequence analysis resulted from the stud-
ies of rbcL gene marker produced a large 
sequence database. Therefore, rbcL be-
came an attractive candidate for molecular 
identification of plant species. Our aim 
here is to identify jojoba plants using rbcL 
DNA barcode. 

MATERIALS AND METHODS 

Plant materials 

The analysis involved a number of 
one male and fifteen female plants 
(clones) growing at Go-green for Agricul-
tural Investment and Development Com-
pany farm, Abo-Ghaleb, Giza, Egypt 
(GIADC). 

DNA extraction, amplification and se-
quencing 

Total DNA was extracted from 
fresh leaves using DNeasy Plant Mini Kit 
(QIAGEN, Germany) according to the 
manufacturer's instructions. After purifica-

tion of the DNA, rbcL DNA barcode re-
gion of chloroplast DNA was amplified 
via polymerase chain reactions (PCR). 
Primers used in the amplifications were  

rbcLa-

F:(5’ATGTCACCACAAACAGAGACTAAAGC-

3’) and rbcL724- 

R: (5’-TCGCATGTACCTGCAGTAGC-3’).  

For each PCR reaction, 1 μL (25 
ng) of total DNA was included in a 50 μL 
reaction mixture containing 2 units Taq 
DNA polymerase (GoTaq, Promega), 1X 
buffer, 20 μM each primer, 0.2 mM 
dNTPs and ultra-pure water to a final vol-
ume of 50 μL. Amplification of the target 
region was conducted with a thermal cy-
cler (Applied Biosystems, USA) under the 
following conditions: initial denaturation 
at 95  for 2 min, 35 cycles of 95ºC for 30 
s, 55  for 30 s, and 72ºC for 1 min, fol-
lowed by a final extension at 72ºC for 5 
min. PCR products were examined on a 
1.5% agarose gel in 1× TBE buffer, then 
visualized on UV light and photographed 
using a Gel Documentation System (BIO-
RAD 2000, USA). After that the PCR 
fragments were purified using EZ-10 spin 
column (Biobasic, USA) for the purifica-
tion of PCR products. The purified frag-
ments were sent to Macrogen Europe B.V. 
company (Netherlands) for sequencing. 

Data analysis 

The obtained sequence data were 
adjusted manually as needed for each se-
quence. The sequence data generated in 
this study were analyzed separately in the 
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GenBank (www. https://www.ncbi. 
nlm.nih.gov) for similarity search using 
Nucleotide BLAST database. The rbcL 
sequences were matched with the query 
sequences and available rbcL sequences of 
the examined plant species available in the 
GenBank. After that DNA sequences were 
aligned using multiple sequence alignment 
by MAFFT (https://www.genome.jp/tools-
bin/mafft). All sequences were adjusted 
manually and submitted to GenBank, 
USA. Phylogenetic analyses were con-
ducted with the same database. The phy-
logenetic trees were inferred with the 
maximum likelihood method based on the 
Tamura-Nei model (Tamura and Nei, 
1993). 

RESULTS AND DISCUSSION 

Cultivation of jojoba plants have 
spread in many areas of the world (Ben-
zioni et al., 2005) including the Middle 
East. Few studies have been made on 
comparative analysis at the molecular 
genetic level to detect genetic distances 
among genotypes existing in different 
regions. Therefore, these studies for jojoba 
plants are an important task. This study 
was performed to investigate the possibil-
ity of using rbcL DNA barcode for identi-
fying jojoba plants. The amplification of 
rbcL gene fragment was conducted using 
rbcLa-F and rbcL724-R primers to ampli-
fy approximately 550 bp fragment. As 
shown in Fig. (1), the amplification of 
rbcL yielded PCR products for all the test-
ed samples. Amplification and sequencing 
success rate are the most important criteria 
to evaluate DNA barcoding for plant iden-

tification (CBOL Plant Working Group et 
al., 2009). The success rates of amplifica-
tion and sequencing of rbcL fragment 
were 100%. Our results showed higher 
universality and success rates similar to 
those of Ibrahim et al., (2019) who con-
ducted rbcL barcode for the identification 
of different Quinoa genotypes. While, Pei 
et al., (2015) performed rbcL barcode 
with 90%-100% success rate in the forest 
plants. While other studies showed a suc-
cess rates up to 90% (Kang et al., 2017; 
Huang et al., 2015) for rbcL in the tropical 
forest plants. This study confirms that 
rbcL universality as DNA barcode could 
be obtained with rbcL primers from a 
wide range of plant species (e.g., Lahaye 
et al., 2008; Parmentier et al., 2013). Dif-
ferent candidate gene regions were used as 
potential barcodes for plants including 
rbcL, matK, trnH psbA and ITS2 (Kress & 
Erickson, 2007; Taberlet et al., 2007). 
However, the most used are rbcL and 
matK for plant DNA barcode. In our study 
we have used rbcL because many authors 
indicated that the success rate of identifi-
cation is more than matK (Amandita et al., 
20019; Kang et al., 2017; Khidir and Law-
rence 1999). Also the use of matK as a 
barcode has been less interest mainly be-
cause universal primers are not available 
(Bafeel et al., 2011; Dong et al., 2015). 
Furthermore, Hollingsworth et al., (2011) 
indicated that matK still needs optimiza-
tion in regard to primer combinations and 
needs to be adapted to specific taxonomic 
groups. The obtained sequences of the 16 
jojoba samples were matched with the 
reference sequences in BLASTn (Altschul 
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et al., 1990). The query sequences were 
identified up to species level with 98 or 
100% in either of the algorithms for all 
samples. Table (1) summarize the ob-
tained results. Samples 1-12 and 16 have 
the same identity 99 and 100% with rbcL 
gene from different jojoba plants submit-
ted in GenBank. While samples No. 13 
and 14 produced 99 % and 98-99% simi-
larity, respectively. On the other hand, 
sample No. 15 produced 98-99% similari-
ty. Our results are consistent with those 
obtained by Ghareb et al., (2020) who 
carried out DNA barcoding using rbcL 
and matK genes for Phlomis aurea plant. 
The drawing of a phylogenetic tree repre-
sents the best hypothesis about how a set 
of species or other groups evolved from a 
common ancestor and how they are relat-
ed to each other. Based on multiple se-
quence alignment, a phylogenetic relation-
ship of tested samples using rbcL was 
constructed. As shown in Fig. (2), the pat-
tern of branching in a phylogenetic tree 
reflects how species or other groups 
evolved from a series of common ances-
tors. There are two main branches from 
the common ancestor for all the tested 
clones. The produced pattern indicated 
that samples1-12 and 16 have the same 
cluster with the same branch and very 
related to each other. Also sample 13 is 
related to the same group but with a dif-
ferent branch with the same branch point. 
The other branch containing samples 14 
and 15 which are closely related to each 
other but less related to the other samples. 
These results are expected due to the test-
ed samples were jojoba clone plants from 

the same cultivated area as indicated be-
fore. As shown in Table (2), the obtained 
DNA sequence data for all samples were 
submitted to GenBank for providing the 
accession numbers for the nucleotide se-
quences. Definitely the increase of using 
plant DNA barcode will enrich the data-
base with new sequences which will es-
tablish more the use of this technique in a 
wide range for the identification of differ-
ent plants.  In conclusion, our results sup-
port the claim that DNA barcoding in gen-
eral can provide fast and reliable species 
identification, especially for the economi-
cally important plants. 

SUMMARY 

Precise identification of jojoba 
plant species using DNA barcode is very 
important because of the economic value 
of its seed oil. In this study, we selected 
16 jojoba trees (clones) including one 
male and 15 female trees cultivated in the 
same farm to conduct this experiment. 
DNA samples were extracted from leaf 
tissues and subjected to PCR amplification 
using specific primers for rbcL gene 
fragment. The amplification was success-
ful for all tested samples producing the 
same fragment with a size about 550 bp. 
Sequence analysis was performed for the 
purified products and consequently sub-
jected to GenBank database analysis. The 
data analysis produced by BLASTn data-
base revealed that the similarity search 
was from 98-100% with rbcL gene region 
form available DNA sequence in Gen-
Bank. Multiple sequence alignment was 
performed after confirmation of the DNA 
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sequence. The alignment clearly indicated 
the high similarity between all DNA se-
quences for the tested samples. Further-
more, a phylogenetic tree was produced 
from the alignment process which re-
vealed the close relationship between the 
tested samples. The tree can be divided 
into two main branches one containing 
samples 1-13 and 16 while the other 
branch contains samples 14 and 15. These 
results indicate that the rbcL region is a 
good option for molecular identification of 
jojoba species. Finally, the obtained se-
quence data were submitted to GenBank 
to provide the accession numbers for the 
nucleotide sequences. 
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 Table (1): The homologous sequences best matching the rbcL sequences based on the 
BLASTn analysis. 

Description Accession No. Idententity 
% 

E 
value 

GIADC_1 -12 and 16 
Simmondsia chinensis voucher 14CS9341 (KUN) plastid, 
complete genome NC_040935.1 100.00% 0 

Simmondsia chinensis voucher Yi14353 (KUN) plastid, 
complete genome MK397929.1 100.00% 0 

Simmondsia chinensis voucher 14CS9341 (KUN) plastid, 
complete genome MK397898.1 100.00% 0 

Simmondsia chinensis voucher Hosam00080 ribulose-1,5-
bisphosphate carboxylase/oxygenase large subunit (rbcL) 
gene, partial cds; chloroplast 

JX571893.1 100.00% 0 

Simmondsia chinensis ribulose-1,5-bisphosphate carbox-
ylase oxygenase,  
large subunit (rbcL) gene, partial cds; chloroplast gene for 
chloroplast product 

AF093732.1 99.39% 0 

GIADC_13 
Simmondsia chinensis voucher 14CS9341 (KUN) plastid, 
complete genome NC_040935.1 99.79% 0 

Simmondsia chinensis voucher Yi14353 (KUN) plastid, 
complete genome MK397929.1 99.79% 0 

Simmondsia chinensis voucher 14CS9341 (KUN) plastid, 
complete genome MK397898.1 99.79% 0 

Simmondsia chinensis voucher Hosam00080 ribulose-1,5-
bisphosphate carboxylase/oxygenase large subunit (rbcL) 
gene, partial cds; chloroplast 

JX571893.1 99.79% 0 

Simmondsia chinensis ribulose-1,5-bisphosphate carbox-
ylase oxygenase, large subunit (rbcL) gene, partial cds; 
chloroplast gene for chloroplast product 

AF093732.1 99.58% 0 

GIADC_14 
Simmondsia chinensis voucher 14CS9341 (KUN) plastid, 
complete genome NC_040935.1 99.60% 0 

Simmondsia chinensis voucher Yi14353 (KUN) plastid, 
complete genome MK397929.1 99.60% 0 

Simmondsia chinensis voucher 14CS9341 (KUN) plastid, 
complete genome MK397898.1 99.60% 0 

Simmondsia chinensis voucher Hosam00080 ribulose-1,5-
bisphosphate carboxylase/oxygenase large subunit (rbcL) 
gene, partial cds; chloroplast 

JX571893.1 99.60% 0 

Simmondsia chinensis ribulose-1,5-bisphosphate carbox-
ylase oxygenase, large subunit (rbcL) gene, partial cds; 
chloroplast gene for chloroplast product 

AF093732.1 98.99% 0 
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Table (1): Cont’’ 
GIADC_15 
Simmondsia chinensis voucher 14CS9341 (KUN) plastid, 
complete genome NC_040935.1 99.80% 0 

Simmondsia chinensis voucher Yi14353 (KUN) plastid, 
complete genome MK397929.1 99.80% 0 

Simmondsia chinensis voucher 14CS9341 (KUN) plastid, 
complete genome MK397898.1 99.80% 0 

Simmondsia chinensis voucher Hosam00080 ribulose-1,5-
bisphosphate carboxylase/oxygenase large subunit (rbcL) 
gene, partial cds; chloroplast 

JX571893.1 99.80% 0 

Simmondsia chinensis ribulose-1,5-bisphosphate carbox-
ylase oxygenase, large subunit (rbcL) gene, partial cds; 
chloroplast gene for chloroplast product 

AF093732.1 99.19% 0 

 

 

Table (2): Sample I.D. and Accession 
numbers provided by Gen-
Bank after submission of the 
DNA sequences. 

Sample I.D. Accession No. 
GIADC_1 
GIADC_2 
GIADC_3 
GIADC_4 
GIADC_5 
GIADC_6 
GIADC_7 
GIADC_8 
GIADC_9 

GIADC_10 
GIADC_11 
GIADC_12 
GIADC_13 
GIADC_14 
GIADC_15 
GIADC_16 

MT895755 
MT895758 
MT895757 
MT895756 
MT895746 
MT895747 
MT895749 
MT895745 
MT895754 
MT895751 
MT895753 
MT895752 
MT895759 
MT895744 
MT895748 
MT895750 
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Fig.(1): PCR amplification of rbcL gene fragment for different jojoba plants. M: 1kb 
DNA ladder Marker. Lanes 1-16: Amplified fragments of rbcL gene for the 
tested samples. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Phylogenetic tree constructed by Neighbor joining method of 
the samples representing the selected jojoba plants based on 
rbcL gene sequences. 


