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To detect genetic variations among different Simmondsia chinensis genotypes, two gene targeted markers, start
codon targeted (SCoT) polymorphism and CAAT box-derived polymorphism (CBDP) were employed in terms
of their informativeness and efficiency in analyzing genetic relationships among different genotypes. A total of
15 SCoT and 17 CBDP primers detected genetic polymorphism among 39 Jojoba genotypes (22 females and 17
males). Comparatively, CBDP markers proved to be more effective than SCoT markers in terms of percentage
polymorphism as the former detecting an average of 53.4% and the latter as 49.4%. The Polymorphic information
content (PIC) value and marker index (MI) of CBPD were 0.43 and 1.10, respectively which were higher than
those of SCoT where the respective values of PIC and MI were 0.38 and 1.09. While comparing male and female
genotype populations, the former showed higher variation in respect of polymorphic percentage and PIC, MI and
Rp values over female populations. Nei's diversity (h) and Shannon index (I) were calculated for each genotype
and found that the genotype “MS F” (in both markers) was highly diverse and genotypes “Q104 F” (SCoT) and
“82–18 F” (CBDP) were least diverse among the female genotype populations. Among male genotypes, “32 M”
(CBDP) and “MSM” (SCoT) revealed highest h and I values while “58-5M” (both markers) was the least diverse.
Jaccard's similarity co-efficient of SCoT markers ranged from 0.733 to 0.922 in female genotypes and 0.941 to
0.746 in male genotype population. Likewise, CBDP data analysis also revealed similarity ranging from 0.751 to
0.958 within female genotypes and 0.754 to 0.976 within male genotype populations thereby, indicating genet-
ically diverse Jojoba population. Employing the NTSYS (Numerical taxonomy and multivariate analysis system)
Version 2.1 software, both the markers generated dendrograms which revealed that all the Jojoba genotypes
were clustered into twomajor groups, one group consisting of all female genotypes and another group compris-
ing of all male genotypes. During the present investigation, CBDP markers proved more informative in studying
genetic diversity among Jojoba. Such genetically diverse genotypeswould thus be of great significance for breed-
ing, management and conservation of elite (high yielding) Jojoba germplasm.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Simmondsia chinensis (Link) Schneider is a dioecious desert shrub,
native to South-western USA and Mexico, cultivated mainly for its
seed oil. Its seeds contain a light yellow, odorless wax that makes up
to 45–55% of the seed weight (Gentry, 1958). Jojoba oil's physical and
chemical properties are similar to Spermwhale oil thus it has numerous
applications in various industries such as lubricants, cosmetics, pharma-
ceuticals, paints, varnishes, waxes, detergents, resins, plastics, computer
industries, transformer oil, leather industry and biodiesel (Benzioni and
Forti, 1989;Wisniak, 1994). Because of its valuable seeds, female Jojoba
plants are preferred than the male plants but being dioecious in nature
.

. This is an open access article under
its plantation through seeds is uneconomical due to its high ratio of
males compared to females (5 males:1 female). Moreover, sex of this
plant can only be ascertained when it starts flowering i.e. after
3–4 years of planting. Large scale cultivations of this crop are thusmain-
ly via vegetative propagation from a limited number of elite lines/clones
which are subsequently used in the production of manymore cultivars.
The large-scale cultivation of such genetically uniform cultivars has re-
sulted in an increasingly narrow genetic base for the crops, leading to
genetic vulnerability (Rao and Hodgkin, 2002).

For sustainable production of a crop species, understanding the ex-
tent and organization of genetic variations and its relationship in any
population is extremely necessary. In dioecious plant species, male
and female populations display different levels of genetic variations
(Hilfiker et al., 2004; Vandepitte et al., 2010). These differences in the
levels of genetic diversity between the populations of dioecious plants
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Jojoba genotypes procured from AJORP (Jaipur, Rajasthan).

S.
no.

Genotypes
collected

S.
no.

Genotypes
collected

S.
no.

Genotypes
collected

S.
no.

Genotypes
collected

1 Q106 F 11 96 F 21 CSMCRI F 31 92 M
2 MS F 12 82–18 F 22 CAZRI F 32 Forti M
3 C-64 F 13 58–5 F 23 Q106 M 33 96 M
4 879–154 F 14 85 F 24 MS M 34 82–18 M
5 17–21 F 15 K-11 F 25 C-64 M 35 58–5 M
6 Local F 16 48–25 F 26 879–154 M 36 85 M
7 Q104 F 17 16–10 F 27 17–21 M 37 K-11
8 32 F 18 C8R23 F 28 Local M 38 48–25 M
9 92 F 19 12–18 F 29 Q104 M 39 Male cutting
10 Forti F 20 24–8 F 30 32 M

F = female; M = male.
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might be because of the distribution patterns of individuals across the
populations, sex ratio variation and stochastic events (De Jong and
Klinkhamer, 2005; Engen et al., 2003; Vandepitte et al., 2010). The
amount of genetic variation can have important biological conse-
quences on population fitness and persistence (Reusch et al., 2005).
An assessment of the genetic diversity is crucial for breeders in many
ways: to better understand the evolutionary and genetic relationships
among different genotypes, to select germplasm in a more systemic
and effective fashion and to develop strategies to incorporate useful di-
versity in their breeding programs (Li and Nelson, 2001; Paterson et al.,
1991).

The advent of different molecular techniques led breeders to esti-
mate genetic diversity among the species, genotypes, landraces, varie-
ties, cultivars etc., on the basis of data generated by the markers. In
recent years, many molecular markers which generate polymorphism
from gene regions of the genome have been developed such as se-
quence related amplified polymorphism (SRAP; Li and Quiros, 2001),
target region amplification polymorphism (TRAP; Hu and Vick, 2003),
conserved region amplification polymorphism (CoRAP; Wang et al.,
2009), start codon targeted polymorphism (SCoT; Collard and Mackill,
2009) and CAAT box derived polymorphism (CBDP; Singh et al.,
2014). The start codon targeted (SCoT) polymorphism is a simple and
reliable gene targeted marker technique based on the conserved region
surrounding the translation codon ATG (Collard and Mackill, 2009).
They are dominant like RAPDs and could be used for genetic analysis,
quantitative trait loci (QTL), mapping and bulk segregation analysis
(Collard and Mackill, 2009). The SCoT molecular markers have been
successfully used in a diverse set of plant species for genetic diversity
analysis: potato, mango, Dendrobium nobile, tomato, Cicer and peanut
(Amirmoradi et al., 2012; Bhattacharyya et al., 2013; Gorji et al., 2011;
Luo et al., 2011; Shahlaei et al., 2014; Xiong et al., 2011). Another gene
targeted marker, CAAT box-derived polymorphism (CBDP) exploits
CAAT box region of promoters in plant genes (Singh et al., 2014).
CAAT box has a distinct pattern of nucleotides with a consensus se-
quence GGCCAATCT located ~80 bp upstream of the start codon of eu-
karyote genes and plays an important role during transcription
(Benoist et al., 1980). This marker has been validated through studies
on jute cultivars, cotton (Gossypium species) and linseed (Linum
usitatissimum) cultivars (Singh et al., 2014).

In the past few years, several publications have appeared pertaining
to sex linkedmarker in Jojoba (Agarwal et al., 2011; Agrawal et al., 2007;
Heikrujam et al., 2014a, 2014b; Hosseini et al., 2011; Ince et al., 2010,
2011 and Sharma et al., 2008) however, there are scant information re-
gardingmolecular diversity amongdifferent genotypes (Bhardwaj et al.,
2010; Sharma et al., 2009). The present investigation has been carried
out to evaluate the genetic diversity among different Jojoba genotypes
using two gene targeted molecular markers (SCoT and CBDP) for the
first time in these genotypes.

Materials and methods

Plant materials and DNA extraction

The experimentalmaterials used in the present study consisted of 39
Jojoba genotypes (22 females and 17males), individually collected from
the Association of Rajasthan Jojoba Plantation and Research Project
(AJORP) (Table 1). Total genomic DNA was isolated from the leaves of
each genotype separately using the modified CTAB method (Saghai-
Maroof et al., 1984). DNA concentrations were estimated by both spec-
trophotometry (260/280) and gel electrophoresis (0.8% agarose gel).
The final concentration of DNA for PCR analysis was made to 50 ng/μL.

SCoT-PCR amplification

A total of 15 SCoT primers (Integrated DNA Technologies, Inc., USA)
were used for genetic diversity analysis. PCR amplification was carried
out in 20 μL volumes containing 50 ng of template DNA, 2.5 μL of 10×
PCR buffer, 0.8 μM SCoT primers, 200 mM dNTPs and 1 U Taq DNA po-
lymerase (Bangalore Genei, India). DNA amplifications were carried
out in a 2720 thermal cycler (Applied Biosystems, USA). SCoT-PCR am-
plifications were carried out with a preliminary cycle of 2 min at 94 °C,
followed by 35 cycles of 1min at 94 °C, 1min at 50 °C, 2min at 72 °C and
a final extension of 5 min at 72 °C. The amplification products were re-
solved on 1.2% agarose gels in 0.5× Tris–borate EDTA buffer (45 mM
Tris–borate and 1 mM EDTA) and stained with ethidium bromide
(0.5 μg/mL).

CBDP-PCR analysis

A total of 20 CBDP primers (Integrated DNA Technology, Inc., USA)
were used for the study. PCR amplificationswere carried out in 20 μL vol-
umes containing 50 ng of template DNA, 2.5 μL 10× PCR buffer, 0.8 μM
CBDP primers, 200 mM dNTPs and 1 U Taq DNA polymerase (Bangalore
Genei, India). DNA amplifications were carried out in a 2720 thermal
cycler (Applied Biosystems, USA). CBDP-PCR amplifications were carried
out with a preliminary cycle of initial DNA denaturation at 95 °C for
4min, followed by 5 cycles of 1min denaturation at 94 °C, 1min anneal-
ing at 36 °C and 2min of extension at 72 °C. In the following 30 cycles, the
annealing temperature was increased to 50 °C with a final extension of
72 °C for 7 min. The amplification products were resolved on 1.2% aga-
rose gels in 0.5× Tris–borate EDTA buffer (45 mM Tris–borate and
1 mM EDTA) and stained with ethidium bromide (0.5 μg/mL).

Data scoring and statistical analysis

PCR products of SCoT and CBDP primers were scored visually. Only
clearly distinguishable bands in both cases were considered for final
scoring and data analysis. The presence of a band was recorded as “1”
and the absence of a band as “0”. All amplifications were repeated at
least thrice and only reproducible bands were considered for analysis.
A binary matrix of the presence/absence was obtained from gels for
each marker. Separate binary matrices for male genotype population,
female genotype population and combined male and female genotype
populations were generated.

Discriminatory power of the primers was evaluated by means of
three parameters; Polymorphic information content (PIC), marker
index (MI) and resolving power (Rp). PIC value was calculated follow-
ing Roldan-Ruiz et al. (2000) as: PIC = 2fi(1 − fi) where fi is the
frequency of the amplified allele (band present) and (1− fi) is the fre-
quency of the null allele (band absent) of marker i. MI, a measure of
overall efficient of a molecular marker technique, was obtained by mul-
tiplying the average PIC with the Effective multiplex ratio (Powell et al.,
1996). Effective multiplex ratio (EMR) is the product of the number of
polymorphic loci per primer (n) and the fraction of polymorphic frag-
ments (β). Rp of each primer was calculated according to Prevost and
Wilkinson (1999): Rp = ∑ bI where bI = band informativeness. The
BI index (Band informativeness) was calculated for each primer using
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the formula BI = 1 − [2 (0.5− p)] where p is the proportion of occur-
rence of bands in the genotypes out of the total number of genotypes. Rp
is based on the distribution of alleles within the genotypes. Rp of
primers is a very useful parameter for molecular diagnosis of any spe-
cies from amixed population. The basic parameters for genetic diversity
were calculated in the POPGENE application (Yeh et al., 1999). The data
for the number of observed alleles (na), the mean number of effective
alleles (ne), the mean Nei's gene diversity index (h) and the Shannon
index (I) were determined.

NTSYS (Numerical taxonomy andmultivariate analysis system) Ver-
sion 2.1 software (Rohlf, 2000)wasused to performdistancematrix and
cluster analysis of the dataset. Genetic association among the Jojoba ge-
notypeswasmeasured by Jaccard's similarity coefficient (Jaccard, 1908)
with SIMQUAL (Similarity for qualitative data program in NTSYS) mod-
ule. A dendrogram was generated using UPGMA (Unweighted Pair
Group Method with Arithmetic Mean) with Sequential agglomerative
hierarchical and nested clustering method program in NTSYS (SAHN)
to show a phenetic representation of genetic relationships as revealed
by similarity coefficient.
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Results

SCoT diversity analysis

Fifteen SCoT primers were screened to study genetic diversity
among Jojoba genotypes; all the primers produced reproducible poly-
morphic bands in all the 39 Jojoba genotypes as shown in the Table 2.
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Females SCoT analysis
A total of 151 amplification products were generated, out of which

75 bands were polymorphic across 22 female Jojoba genotypes. The
size of the fragments ranged from 200 to 2500 bp. The highest and low-
est number of polymorphic bandswas 10with SCoT 13 and 2with SCoT
11 and SCoT 36, on an average of 5 polymorphic bands per primer. The
percentage of polymorphism varied from 20% (SCoT 36) to 76.9% (SCoT
13). PIC of the 15 primers ranged from 0.22 (SCoT 36) to 0.48 (SCoT 28)
with an average of 0.40 per primer. MI of the primers ranged frommax-
imum 3.63 (SCoT 13) to minimum 0.08 (SCoT 36). Rp of the SCoT
primers ranged from 10 (SCoT 16) to 20.1 (SCoT 15) with an average
of 14.3 per primer (Table 2). The primers with high Rp values were con-
sidered to be more informative in distinguishing the genotypes but
none of the polymorphic primers could discriminate all the female ge-
notypes independently.

The genetic parameters were calculated for all the female geno-
types amplified with SCoT primers. Nei's gene diversity (h) ranged
from 0.386 (Q104 F) to 0.488 (MS F), with a mean of 0.440. A similar
pattern was observed for the Shannon's information index (I), with
the highest value of 0.680 observed in genotype MS F population
and the lowest value of 0.551 observed in population Q104 F, with a
mean of 0.625. The observed number of alleles (na) ranged from
1.866 to 2.000. The effective number of alleles (ne) ranged from
1.955 (MS F) to 1.706 (Q104 F) which shows similar pattern for values
of h and I (Table 3).

The Jaccard's genetic similarity values of the female genotypes based
on SCoT markers varied from 0.733 (between CSMCRI F and MS F) to
0.922 (between 879–154 F and Clone 64 F). Such a range in genetic dis-
tances suggested genetically diverse female genotype population.
UPGMA cluster analysis of the SCoT dataset grouped female Jojoba ge-
notypes into four distinct clusters in the dendrogram. Cluster I consisted
of genotypes Q104 F, Q106 F, MS F, Clone-64 F, 879–154 F, Local F, 32 F,
17–21 F, 82–18 F and 58–5 F; Cluster II consisting of 92 F, 48–25 F,
C8R23 F, 16–10 F, CAZRI F, 28–8 F, Forti F, K-11 F and 85 F. Cluster III
consisted of only one genotype (96 F). The genotype CSMCRI F forms
an outgroup from the other genotypes forming the cluster IV.



Table 3
Genetic diversity within populations of male and female Jojoba genotypes revealed by
SCoT markers.

Genotypes na ne h I

Q104 F 1.867 1.706 0.386 0.551
Q106 F 2.000 1.831 0.451 0.643
17–21 F 2.000 1.888 0.467 0.659
Clone-64 F 1.933 1.862 0.445 0.625
82–18 F 2.000 1.892 0.469 0.662
58–5 F 2.000 1.907 0.474 0.667
879–154 F 2.000 1.919 0.477 0.670
MS F 2.000 1.955 0.488 0.680
Local F 1.933 1.862 0.447 0.627
32 F 2.000 1.917 0.477 0.670
92 F 1.866 1.825 0.422 0.589
Forti F 1.933 1.851 0.444 0.623
96 F 1.866 1.721 0.390 0.556
K-11 F 1.933 1.789 0.424 0.603
85 F 1.933 1.801 0.425 0.603
48–25 F 1.933 1.841 0.441 0.620
16–10 F 1.933 1.797 0.428 0.607
C8R23 F 1.933 1.884 0.453 0.634
12–18 F 1.933 1.830 0.437 0.616
CSMCRI F 1.933 1.838 0.438 0.617
CAZRI F 1.933 1.825 0.434 0.613
24–8 F 1.933 1.844 0.442 0.622
Q104 M 2.000 1.873 0.461 0.653
Q106 M 1.933 1.858 0.446 0.626
MS M 2.000 1.947 0.485 0.678
Clone 64 M 2.000 1.933 0.481 0.674
82–18 M 2.000 1.916 0.476 0.669
58–5 M 1.800 1.745 0.384 0.539
879–154 M 1.866 1.807 0.417 0.584
17–21 M 1.933 1.849 0.443 0.623
Local M 1.933 1.840 0.441 0.621
32 M 2.000 1.894 0.470 0.663
92 M 2.000 1.906 0.474 0.666
Forti M 1.933 1.8770 0.452 0.632
96 M 2.000 1.9230 0.479 0.672
K-11 M 2.000 1.8834 0.467 0.660
85 M 2.000 1.8645 0.461 0.653
48–25 M 2.000 1.8711 0.463 0.655
Male cutting 1.8667 1.7751 0.408 0.575
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Males SCoT analysis
A total of 148 bands were produced by 15 SCoT primers among 17

genotypes. Out of the bands, 76 were found to be polymorphic. The ex-
tent of polymorphism per primer ranged from 75% (SCoT 13) to 20%
(SCoT 36) with a mean of 50.2% (Table 2). The average PIC value was
0.35 per primer; maximum being 0.49 with SCoT 11 and minimum
being 0.26 with SCoT 28. MI with maximum value was 2.88 (SCoT 13)
andminimumwas 0.11 (SCoT 36). Primer SCoT 24 revealed the highest
Rp (21.2) value while primer SCoT 16 revealed the lowest Rp (10.4)
(Table 2). None of the polymorphic primers could discriminate all the
male genotypes independently.

Nei's gene diversity (h) ranged from0.485 (MSM) to 0.384 (58–5M),
with amean of 0.45. A similar patternwas observed for the Shannon's in-
formation index (I), with the highest value observed in genotype MS M
(0.678) and the lowest value observed in genotype 58–5 M (0.539).
The observed number of alleles (na) ranged from 1.800 to 2.000.
The effective number of alleles (ne) ranged from 1.947 (MS M) to
1.745 (58–5 M), with a mean of 1.868 which also shows similar pat-
tern observed for h and I (Table 3).

Pair wise comparison of the 17 male genotypes based on Jaccard
similarity indicated relative genetic similarity between the male
genotypes ranging from maximum of 0.941 (32 M and Local M) to a
minimumof 0.746 (K-11Mand 85M). The similarity co-efficient gener-
ated from the SCoT data were used to construct UPGMA dendrogram.
The dendrogram grouped the 17 male genotypes into four clusters;
Cluster I consisted of eleven genotypes (Q104 M, Q106 M, MS M, 879–
154 M, 17–21 M, Clone-64 M, 82–18 M, Local M, 32 M, 96 M, K-11
M); Cluster II consisted of genotypes 92 M and Forti M; Cluster III
consisted of three genotypes (85 M, 48–25 M and Male cutting) and
Cluster IV was distinct as it consisted of only one genotype ‘58–25 M’.

CBDP diversity analysis

Out of 20 CBDP primers tried, 17 primers produced polymorphic
bands in all the 39 genotypes while the remaining 3 primers produced
monomorphic bands and were not included in the further study.

Females CBDP analysis
The selected 17 primers amplified 126 bands with 66 bands being

polymorphic (Table 4). The maximum and minimum numbers of poly-
morphic amplified bands were 7 (CBDP 6; CBDP 11 and CBDP 18) and 1
(CBDP 25), respectively. The values of polymorphism were between
87.5% (CBDP 6) and 28.6% (CBDP 4) with an average of 3.9 bands per
primer. The maximum and minimum PIC values were 0.50 (CBDP 10)
and 0.32 (CBDP 25), respectively with an average of 0.42. The range of
MI was from 3.00 (CBDP 6) to 0.11 (CBDP 25) with an average of 1.03.
The resolving power of CBDP ranged from 15.50 to 4.60. None of the
polymorphic primers could discriminate all the female genotypes
independently.

The Nei's gene diversity measure for each genotype was highest in
genotypes 92 F and MS F (h = 0.46) while the genotype 82–18 F had
the least diversity (h = 0.39) with an average value of 0.419. The
Shannon's information index ranged from 0.65 (92 F and MS F) to
0.55 (82–18 F) with an average value of 0.62. The value of observed
number of alleles (na) ranged from 2.000 to 1.88. The effective number
of alleles (ne) ranged from 1.88 (92 F) to 1.71 (82–18 F) (Table 5).

Jaccard similarity index from the CBDP marker data ranged from
0.751 (between CSMCRI F and 82–18 F) to 0.958 (between 92 F and
Local F). The UPGMA clustering algorithm from CBDP marker analysis
grouped the female genotypes into four clusters. Cluster I consisted of
fifteen genotypes (Q104 F, Clone-64 F, 58–5 F, 879–154 F, 17–21 F,
Q106 F, MS F, Local F, 92 F, 32 F, 96 F, Forti F, 48–25 F, 16–10 F, C8R23

F, 12–18 F). Cluster II consisted of genotypes CSMCRI F and CAZRI F;
Cluster III consisted of three genotypes (K-11 F, 85 F and 24–8 F). Cluster
IV consisted of only one genotype “82–18 F”which was quite divergent
from the remaining genotypes.

Males CBDP analysis
A total of 133 amplification products were scored, out of which 72

were polymorphic, exhibiting an average of 54.94% polymorphism.
The polymorphic amplification products using 17 primers ranged from
83.3% (CBDP 8) to 18.2% (CBDP 17) (Table 4). The PIC value for the
CBDP primers ranged from 0.50 (CBDP 9 to 0.33 (CBDP 17) with an av-
erage of 0.44. The maximum MI value was 3.313 (CBDP 18) and mini-
mum was 0.12 (CBDP 17) with an average of 1.16. The Rp value of the
CBDP primers ranged from 22.6 (CBDP 17) to 7.88 (CBDP 8)with an av-
erage of 12.9. None of the polymorphic primers could discriminate all
the male genotypes independently.

The Nei's gene diversity ranged from 0.48 (32M) to 0.36 (58–5M,
Local M and 17–21 M) with an average value of 0.40. The Shannon's
information index ranged from 0.67 (32 M) to 0.51 (58–5 M and 17–
21 M) with an average value of 0.575. The highest na and ne were
2.00 and 1.93, respectively (Table 5).

The genetic distance recorded using Jaccard's coefficients of similar-
ity ranged from 0.754 (32 M and K-11 M) to 0.976 (17–21 M and Local
M). The genetic similarity matrix was applied for cluster analysis
through the UPGMA method and generated a dendrogram which
grouped the 17 male genotypes into four clusters. Cluster I formed a
major group inwhich thirteen genotypeswere clustered together; Clus-
ter II consisted of only one genotype 96 M; Cluster III consisted of two
genotypes 48–25 M and Male cutting while Cluster IV consisted of
only one genotype ‘K-11 M’ distant from the other genotypes.
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Comparison between the male and female genotypes

The male and female genotypes showed high polymorphism with
both the markers (SCoT and CBDP) but comparatively, male genotypes
showed slightly higher polymorphism than female genotypes. In SCoT
analysis, male genotypes showed higher polymorphism (50.2%) than
the female genotypes (48.54%). The average values of Rp (15.2) were
also higher in the case of males than the Rp (14.3) of females whereas
the average PIC value and MI was higher in females (0.4 and 1.16,
respectively) than in males (0.35 and 1.02, respectively). Similarly,
CBDP markers also generated high polymorphism in male genotypes
than female genotypes. In terms of average percentage polymorphism
between the male and female genotypes, there were no major differ-
ences but male genotypes showed slightly higher polymorphism
(54.94%) than the female genotypes (51.9%). The average values of
PIC, MI and Rp of male genotypes were 0.44, 1.16 and 12.9, respectively
whichwere also higher than PIC (0.42), MI (1.03) and Rp (10.80) values
of female genotypes. Among females, SCoT markers detected highest h
and I values in genotype “MS F” while genotype MS F and 92 F had
highest h and I values in CBDP analysis. Genotype Q104 F has the lowest
h and I values in SCoT analysis and 82–18 F in CBDP analysis. Among
males, MS M (SCoT analysis) and 32 M (CBDP analysis) had highest h
and I values while 58–5M had lowest h and I values in both the marker
analysis.

UPGMA clustering algorithm based on Jaccard's similarity matrix of
the female and male genotype data, independently generated dendro-
grams. Female genotypes were grouped in 4 clusters in both the SCoT
and CBDP data generated dendrograms. The two markers generated a
similar pattern of clustering with slight differences. One similarity
Table 5
Genetic diversity parameters of Jojoba genotypes revealed by CBDP marker.

Genotypes na ne h I

Q104 F 1.94 1.80 0.43 0.61
Q106 F 1.94 1.81 0.43 0.61
879–154 F 2.00 1.84 0.45 0.64
Clone-64 F 2.00 1.86 0.45 0.64
82–18 F 1.88 1.71 0.39 0.55
58–5 F 2.00 1.80 0.43 0.62
MSF 2.00 1.87 0.46 0.65
17–21 F 2.00 1.83 0.44 0.64
Local F 2.00 1.85 0.45 0.64
32 F 2.00 1.84 0.45 0.64
92 F 2.00 1.88 0.46 0.65
Forti F 2.00 1.77 0.41 0.61
96 F 1.94 1.77 0.41 0.59
K-11 F 1.94 1.75 0.41 0.58
85 F 2.00 1.76 0.41 0.60
48–25 F 2.00 1.83 0.44 0.63
16–10 F 2.00 1.81 0.43 0.62
C8R23 F 2.00 1.85 0.45 0.64
12–18 F 1.94 1.74 0.40 0.58
CSMCRI F 2.00 1.75 0.41 0.60
CAZRI F 2.00 1.77 0.42 0.60
24–8 F 1.94 1.79 0.42 0.60
Q104 M 1.88 1.79 0.41 0.58
Q106 M 1.88 1.76 0.39 0.56
MS M 1.88 1.77 0.40 0.57
Clone 64 M 1.94 1.82 0.43 0.61
82–18 M 1.82 1.73 0.38 0.54
32 M 2.00 1.93 0.48 0.67
879–154 M 1.94 1.82 0.43 0.61
17–21 M 1.76 1.69 0.36 0.51
Local M 1.82 1.68 0.36 0.52
58–5 M 1.82 1.66 0.36 0.51
92 M 1.82 1.70 0.37 0.53
Forti M 1.94 1.80 0.43 0.61
96 M 1.88 1.76 0.40 0.57
K-11 M 1.94 1.80 0.42 0.61
85 M 1.94 1.78 0.42 0.60
48–25 M 1.94 1.82 0.43 0.61
Male cutting 1.88 1.74 0.40 0.57
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pattern was observed in both the dendrograms, i.e. genotypes Local F
and 32 F were always grouped together, similarly genotypes K-11 F
and 85 F were also grouped together in both the marker analysis. In
SCoT analysis, genotype CSMCRI F forms an out-group to other groups
while in CBDP analysis 82–18 F was out-group to other groups.

Male genotypes were clustered into four clusters in both themarker
analysis. The grouping of the genotypes varied in both the markers but
two genotypes 48–25 M and Male-cutting were found to be always
grouped together.

Comparison between the two marker systems (SCoT and CBDP markers)

Both the markers were found to be effective in studying genetic di-
versity as evident from the high polymorphic percentage, PIC, MI and
Rp values. When compared, CBDP marker generated higher values in
all the genetic parameters studied as compared to the SCoT marker.
The combined average percent polymorphism, PIC and MI values were
53.4%, 0.43, and 1.10 respectively for CBDP while % polymorphism, PIC
and MI values were 49.4, 0.38 and 1.09, respectively for SCoT analysis.

Both the markers generated dendrograms (combined male and fe-
male genotype data) in which all the Jojoba genotypes were clustered
into twomajor groups distinguishing the genotypes on the basis of gen-
der: one group consisting of all the female genotypes and another group
consisting of all themale genotypes. (Figs. 1, 2). In SCoTmarker analysis,
though majority of the genotypes were clusters in their respective sex
groups but two genotypes, Q104 M and 96 F were not grouped in
Fig. 1. Dendrogram generated using UPGMA analysis of the SCoT dataset of 39 genotypes
their respective sex groups as compared to CBDP markers. The reason
might be the incompetency of SCoT marker to separate the genotypes
on the basis of sex or may be these genotypes were genetically more
distant from the rest of the genotypes.

Discussion

Jojoba is an important oil yielding crop having immense industrial
applications. The reduction of genetic variation in Jojoba through
domestication and breeding has resulted in the need of conservation,
characterization and utilization of genetic resources. During present in-
vestigation, two gene targeted molecular markers i.e. SCoT and CBDP
were adopted to study the genetic diversity among different male and
female Jojoba genotypes. A comparative account of the two markers in
detecting genetic variations was also studied. Application of gene
targeted markers has advantages over the use of random type of
markers (such as RAPD, ISSR) as they measure genetic diversity from
the genic regions, i.e. functional diversity present in any species
(Paliwal et al., 2013). The existing variations in the nature of genotype
or group of genotypes can be identified using a specific statistical meth-
od or combination of methods (Kubik et al., 2009). PIC, EMR, MI values
of a primer help in determining its effectiveness in genetic diversity
analysis. Sivaprakash et al. (2004) suggested that the ability of a marker
system to resolve genetic variation may be more directly related to the
degree of polymorphism. In our study, both the markers (SCoT and
CBDP) revealed independent results and were found to be effective in
(22 females and 17 males) showing genetic relationships among Jojoba genotypes.



Fig. 2. Dendrogram generated using UPGMA analysis of the CBDP dataset of the 39 genotypes (17 males and 22 females) showing genetic relationships across the Jojoba genotypes.
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the estimation of genetic diversity in different genotypes of Jojoba. Their
efficiency was evident from high values of polymorphism percent, PIC,
Multiplex ratio and average number of polymorphic bands per primer.
A diverse level of polymorphism in Jojoba had been reported earlier
by Sharma et al. (2009) and Bhardwaj et al. (2010). They compared
ISSR and RAPD markers for its efficiency in detecting genetic variability
among the genotypes. High genetic variation within the Jojoba popula-
tion is expected because dioecious plant species in nature tends to have
high genetic diversity within populations and low genetic differentia-
tion among populations due to obligate outcrossing (Hamrick and
Godt, 1996).

In our study, CBDP markers were found to be more effective than
SCoT markers with regard to average percentage polymorphism
which was higher (53.4%) compared to 49.4% in SCoT markers. The av-
erage PIC value of CBPD marker (0.43) was also higher than the SCoT
marker (0.38). Average MI of CBDP marker (1.10) was also higher
than the SCoT marker (1.09). However, the average Rp of SCoT markers
(14.8) was more than that of CBDP markers (11.85). The two marker
techniques were found to resolve differently, which could be due to dif-
ferences in the resolution of targeted different regions of the genome as
suggested by Souframanien and Gopalakrishna (2004) and Gajera et al.
(2010), reinforcing the importance of the number of loci and their cov-
erage of the whole genome for obtaining estimates of genetic relation-
ship among cultivars (Souframanien and Gopalakrishna, 2004).

CBDP marker utility has been reported only in Jute, cotton and lin-
seed (Singh et al., 2014) while SCoT has been proved effective in analy-
sis genetic diversity in diverse plant species (Amirmoradi et al., 2012;
Bhattacharyya et al., 2013; Gorji et al., 2011; Guo et al., 2012; Luo
et al., 2011; Paliwal et al., 2013; Que et al., 2014; Shahlaei et al., 2014;
Xiong et al., 2011).

The genetic diversity index (h) reflects diversity and differentiation
among the germplasm collectionswhile Shannon's index (I) reflects ge-
netic diversity within and between the populations (Que et al., 2014).
The higher the indices, the greater the genetic diversity. The extent of
variability among na, ne, h and I indices in both the SCoT and CBDP
markers indicated a high level of genetic diversity among the 22 female
and 17 male Jojoba genotypes. Genotype “MS F” had the highest genetic
diversity parameters among female genotypes in both analyses while
Genotype “Q104 F” in SCoT and “82–18 F” in CBDP analysis had the
least values. Among male genotypes, MSM genotype in SCoT and 32 M
in CBDP analysis showed maximum genetic diversity while 58–5 M ge-
notype and 17–21M showed least genetic values. Though the genetic di-
versity parameters for the two markers revealed different values, the
overall values for all the genotypes are almost same or have nearby
values. Dje et al. (2000) reported that higher the genetic distance be-
tween parents, the higher the heterosis in the developed progenies. So,
most diverse set of parents can be considered for further breeding pro-
grams. Thus, in Jojoba the genotypes showing diverse values can be
used as parental combinations for breeding purposes. The more diverse
the parents, the more chances of getting new genetic combination.

Comparison of the genetic polymorphism between male genotype
population and female genotype population by SCoT and CBDPmarkers
revealed that the male genotype populations in both cases yielded
higher polymorphism and PIC, MI, Rp values than the female popula-
tions. This is in agreement with the reports on Pistacia atlantica
(Nosrati et al., 2012) and S. chinensis (Sharma et al., 2009). Nosrati
et al. (2012) concluded from their study that higher levels of genetic
variation in male populations resulted due to the higher number of
male plants and even distribution of males than females. Similar
interpretation could be drawn for Jojoba because of itsmale biased pop-
ulation (5:1;male:female ratio) in nature. Sex ratio in dioecious popula-
tions in general deviates from 1:1 ratio because of the more resource
allocation of the female plants to reproduction leading them to be vul-
nerable (Stehlik and Barrett, 2005). Vandepitte et al. (2010) also sug-
gested that in most cases male populations have higher individual
numbers as compared to female populations.

It is expected that the identified variations would form a pattern of
genetic relationship useable in grouping of genotypes. The recorded
variations are primarily because of the differences in the nature of ge-
netic materials. On the basis of these data, dendrograms were created

Image of Fig. 2
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and both themarkers showeddifferent clustering patterns revealing ge-
netic variation pattern among the Jojoba genotypes. The differences in
the pattern of dendrograms when two markers were used had also
been reported in Shisham (Arif et al., 2009) and potato (Gorji et al.,
2011). The dendrograms were mainly clustered into two major groups,
one representing all the female genotypes and another showing all the
male genotypes, indicating an apparent gender-based distinction
among the Jojoba genotypes. Similar clustering of themales and females
separately in a dendrogram had also been reported earlier in dioecious
taxa such as Actinidia deliciosa (Shirkot et al., 2002); Piper betle (Verma
et al., 2004), S. chinensis (Sharma et al., 2009), Pandanus tectorius (Panda
et al., 2010) and P. atlantica (Nosrati et al., 2012). Based on the aforesaid
findings, it is concluded that Jojoba genotypes collected from AJORP are
genetically diverse and the breeders can choose the most diverse par-
ents for breeding programs and for its germplasm collection and
management.
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