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Abstract Simmondsia chinensis (Link) Schneider, a
multipurpose dioecious shrub of arid zones, has emerged as
a cash crop. It is being cultivated for its seeds which store
liquid wax whose properties are similar to spermaceti
(Sperm whale oil), a substitute for petro products and
precious high-priced lubricants. Jojoba is a slow-growing
desert shrub having a male biased (5:1; male:female ratio)
population. Since there is no method available to determine
the sex at the seedling stage, current investigations have
been carried out to generate a sex-specific random ampli-
fied polymorphic DNA (RAPD) marker in jojoba which is
based on the PCR amplification of random locations in the
genome of plant. Of the 72 primers tested, only one random
decamer primer, OPG-5, produced a unique ~ 1,400 base
pairs fragment in male DNA. To validate this observation,
this primer was re-tested with the individuals of male and
female samples of four cultivars. The unique ~ 1,400 bp
fragment was present in male individuals of all the four
cultivars and completely absent in respective female indi-
viduals tested. To the best of our knowledge, this is the first
report to ascertain the sex of jojoba plants at an early stage
of development of the taxon.
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Introduction

In most of the typically dioecious plants, pistil and stamen
develop on separate individuals, which are distinguished as
“pistillate plants” (female plants) and “staminate plants”
(male plants), respectively. Such sex separation (dioecy) is
found in some 15,000 species, in 1,300 genera and 60
families (Parker 1990).

In such plants, gender influences economic values,
breeding schemes and opportunities for commercial har-
vest. The development of molecular strategies for early sex
identification of dioecious taxa has been a priority in
breeding programs for their greater economic potentials.
Moreover, studies on marker technology regarding dioecy
in general would render a better understanding of the
developmental as well as the evolutionary pathways of
dimorphism.

Simmondsia chinensis (jojoba), a dioecious shrub of arid
zones, has emerged as a cash crop in India and abroad. It is
a native of Sonoran deserts of south-western United States
of America, north-western Mexico and Baja California
(Gentry 1958; Benzioni 1992). The plant is important to
commerce as its seeds store liquid wax (40-60% by dry
weight). The jojoba oil is non-toxic, biodegradable and
quite stable. It has promising physical properties, such as
high viscosity index, high flash and fire points, high
dielectric constant, and high stability and freezing point,
and can be used in various industries. It does not get
damaged by repeated heating to temperatures above 285°C.
The viscosity index of jojoba oil is much higher than that of
petroleum oil, and it is therefore being used as a high
temperature and high pressure lubricant in heavy machin-
ery. In addition to this, it is also being used in transformer
oil, detergents, the leather and plastic industries, and in
pharmaceutical as well as cosmetic industries all over the
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globe. Jojoba was introduced in 1978 from Israel and is
being cultivated throughout India to provide a renewable
source of its high quality oil. However, several constraints
have been faced with jojoba cultivation by its growers: (1)
it is a slow growing and has male biased (5:1; male:female
ratio) population, (2) the waiting time from planting to
harvesting is very long, and (3) it does not flower or pro-
duce seeds until 3—4 years after transplantation.

Realising these inherent problems, it is imperative for
the sex of this plant to be identified at the seedling stage,
prior to its transplantation to the field, so that a desired ratio
of male and female plants can be achieved, and resources
like planting space, fertilizers, water and the labor costs can
be devoted to the cultivation of the desired sex (female
plants and male plants). Thus, an increase in the number of
fruit-bearing plants per hectare of land would directly
increase the total yield in the field making its cultivation
more profitable. In the Indian climate, one male plant is
enough to pollinate five female plants (Harsh et al. 1987,
Agrawal et al. 1999, 2000, 2002; Prakash et al. 2003).
Therefore, it is of immense agricultural importance to
identify the sex of this species at the juvenile stage.

In our earlier publications (Agrawal et al. 1999, 2002;
Prakash et al. 2003), we have developed in vitro methods
for characterization of male and female plants using growth
regulators and growth adjuvants. We now, present PCR
based markers, i.e. random amplified polymorphic DNA
(RAPD) to ascertain the sex of S. chinensis at the seedling
stage before the expression of sexual phenotypes which
usually occurs 3—4 years after transplanting.

Materials and methods
Plant materials

Four cultivars of jojoba (Q-104, Clone-64, 17-22, Local)
procured from the Association of the Rajasthan jojoba
plantation and research project (AJORP) Jaipur, were used
for the screening of sex-associated DNA markers by RAPD
analysis. Leaf material was picked from fully developed,
field grown plants after the complete expression of the
sexual phenotypes, and the individual samples were stored
at —80°C prior to use.

DNA isolation

Total genomic DNA was isolated from 5 g of leaf tissues
of female and male individuals separately for the four
cultivars with the modified CTAB method (Saghai-Maroof
et al. 1984). The DNA was RNAse-treated and subse-
quently quantified on agarose gel by comparison with
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standard lambda DNA marker (Amersham Biosciences,
USA).

Bulk segregant analysis (BSA)

Initially, two bulks of DNA samples were made by pooling
an equal amount of DNA from individual plants of four
cultivars, i.e. Q-104, Clone-64, 17-22 and Local, and
amplified with the 100 decamer primers. A DNA marker
present in the corresponding male and female bulk and
absent in the alternate sex bulk was considered as a
potential sex-linked marker. BSA (Michelmore et al. 1991)
was carried out with each individual of known sex inde-
pendently from all the four cultivars to ascertain the sex
specificity of the marker. Only DNA fragments differenti-
ating the male bulk and female bulk, and corresponding
individuals of all the cultivars, were considered as putative
sex-linked marker.

RAPD marker analysis

A total of 72 decamer RAPD primers (sets A, B, D, F and
G; Operon Technologies, Alameda, CA, USA) were
screened on the four cultivars of jojoba (Q-104, Clone-64,
17-22, Local) of known sex to determine their potential of
clear polymorphisms and reproducibility. The PCR reac-
tions were carried out in a 25-pul volume containing one
unit of Tag polymerase (Invitrogen Corporation, USA),
50 ng of genomic DNA, 0.80 uM of RAPD primer,
0.1 mM of each dNTPs, 2.5 pul of 10 X PCR reaction buffer
[500 mM KCI, 200 mM Tris-HCI (pH 8.4)] and 3 mM
MgCl,. DNA amplifications were carried out in a myCy-
cler thermal controller (Bio-Rad). The following steps were
used for RAPD: 1 cycle consisting of 60 s at 94°C, 30 s at
36°C and 60 s at 72°C followed by 45 cycles of 5 s at
94°C, 15 s at 36°C, and 60 s at 72°C, and a final cycle of
7 min at 72°C. The amplification products were resolved
on 1.2% agarose gels in Tris-borate EDTA buffer (45 mM
Tris-borate and 1 mM EDTA) and stained with ethidium
bromide.

Results and discussion

A total of 72 RAPD primers were used to amplify the bulk
DNA of male and female individuals, and 38 primers gave a
reproducible RAPD pattern. However, the number of
amplification products varied from 2 to 9 and the fragment
size ranged from 300 bp to 1,500 bp. Of all the 72 deacamer
primers tested, only one primer, i.e. OPG-5, was found to
have sex specificity in bulk analysis. Random decamer
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primer OPG-5 (5° CTGAGACGGA 3’) produced a unique
~ 1,400 base pairs fragment in male bulk DNA, and this
band was absent in female bulk DNA (Fig. 1). In addition to
this, many other bands were generated in both male and
female samples. To confirm this observation, this primer
was re-tested with the individuals of male and female
samples of the four cultivars. The unique ~ 1,400 bp
fragment was present in male individuals of all the four
cultivars and completely absent in respective female indi-
viduals tested. Thus, OPG-5, 490 could be recognized as a
putative sex-linked marker for four jojoba cultivars.

Sex-specific markers in dioecious taxa which could be
generated through DNA analysis using PCR technology
have been proved to be a reliable strategy, as such markers
for sex prediction can be analyzed at any developmental
stage of growth. The RAPD technique (Williams et al.
1990) is a simple identifier of polymorphism and has been
used to screen markers of sex determination in several
plants, i.e. Salix viminalis L. (Alstrom-Rapaport et al.
1998), Actinidia chinensis (Harvey et al. 1997; Gill et al.
1998), Asparagus (Jiang and Sink 1997), Cannabis sativa
L. (Mandolino et al. 1999), Myristica fragrans Houtt.
(Ganeshaiah et al. 2000), Eucommia ulmoides Oliv. (Xu
et al. 2004), Encephalartos natalensis (Prakash and Van
Staden 2006), Carica papaya (Urasaki et al. 2002; Chaves-
Bedoya and Nunenz 2007).

To the best of our knowledge, this is the first report
describing a method for sex identification of jojoba. Our
findings would be helpful to identify the sex in S. chinensis
at the early seedling stage by its commercial growers and
for further breeding schemes. Further investigations are in
progress to generate a SCAR marker (sequence character-
ized amplified regions), while the sex-specificity of the
marker OPGS5; 409 with the other cultivars of S. chinensis is
yet to be evaluated.
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