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Abstract: Nigella sativa is one of the important commercial medicinal herbs. It is extensively used in the Middle East and
the Indian subcontinent. It is used in various medicinal, food and cosmetic preparations. It is proved to be anti-diabetic, anti-
allergic, anti-cancer, antibacterial, antioxidant (free radical scavenger), anti-inflammatory, and immunomodulatory agent. The
medicinal value of Nigella sativa seed is linked to its rich chemical contents, which is significantly influenced by geographical
location, environmental conditions, and genetic makeup. In this study, the genetic diversity of Nigella sativa plant using RAPD
markers was investigated. The samples were collected from various geographies like India, Pakistan, Saudi Arabia, Egypt,
Oman, Syria, Tunisia, and Turkey. Plant DNA was extracted using Norgen's Plant/Fungi DNA Isolation Kit. 20 different
Random amplified polymorphic DNA (RAPD) primers were used to study the polymorphism in amplified bands among the 8
DNA samples of Nigella sativa from different geographies. Out of 20 RAPD primer used, 8 RAPD primers had provided
amplification during PCR and scorable bands on 1.5 % agarose gel electrophoresis. Common DNA bands or fragments present
in all accessions were not included in data as they are of a non-informative type. Only unambiguous and scorable polymorphic
fragments were taken into consideration for analysis. The polymorphic bands were scored as 1 (as present) and 0 (as absent).
Using UPGMA (unweighted pair group method with arithmetic averages) and similarity coefficients, the relationships among
the accessions were established. Based on the UPGMA method, the dendrogram divided the eight accessions into 4 clusters.
Cluster 1 consisted of accessions S1 (India) and S2 (Pakistan) with a minute diversity of 0.101. Cluster 2 consisted of
accessions S4 (Saudi Arabia), S6 (Syria) and S8 (Tunisia) along with S7 (Turkey) accession with minute genetic deviation.
Cluster 3 consisted of accession S3 (Egypt). Cluster 4 consisted of accession S5 (Oman). Accession S3 (Egypt) and S5 (Oman)
shown high genetic variations from other accession under study. The dendrogram indicated that there is significant impact of
geographies on genetic diversity of Nigella sativa accession tested. This genetic diversity enables the Nigella sativa to adapt
itself to varied environmental conditions in these geographies. The information on genetic diversity can further be linked to
active medicinal compounds of the Nigella sativa seed. This could be very useful for the selection of germplasm resource for
breeding and commercial sourcing.
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Barakah Shooneez, Habb al-barka, Habba Sauda, Krishana —
Jiraka, Upakunchika and Kalonji. Nigella sativa is an annual
flowering plant and belongs to family Ranunculaceae
(buttercup family). Nigella sativa is a native to South and
Southwest Asia but also domesticated in Europe.

Prophet Mohammed has mentioned Black seed as the seed

1. Introduction

Nigella sativa seed is widely used medicinal herb. It is one
of the popular spices in the Middle East and Asia and Eastern
Europe. It is known as Black Seed, Love-in-a-mist, Fennel
Flower Black cumin, Roman Coriander, Nutmeg flower, a
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of blessings, which can cure all the ailments except death
[1]. This message had triggered much research in
medicinal property of black seed. It is proven to be an
anti-diabetic, anti-allergic, anti-cancer, antibacterial,
antioxidant (free radical scavenger), anti-inflammatory. It
acts as an immunomodulatory agent, improves a
respiratory, gastrointestinal, immune, and nervous system
[2]. As there is no mention of any plant species by Prophet
Mohammed as black seed plant, Nigella sativa seed had
been considered as cited seed looking at significant
therapeutic utility. Nigella sativa seed is now one of the
extensively studied herbal medicinal material and reported
to have antimicrobial, antioxidant, anti-aging, hair growth
promoter, sun  protection, anti-cancer  activity,
Immunomodulatory, Cardiovascular, anti-oxytocic, wound
healing and anti-inflammatory activity [3, 4]. Nigella
sativa 1s used in its raw and other forms like seed oil, seed
paste and extracts. The various researchers studied the
comparative chemical composition of extracts and oils
obtained from Nigella sativa from different geographies
and reported wide variation [5, 6]. As Nigella sativa seed
has tremendous commercial value and hence it is proven
for commercial adulteration and substitution [7]. In few
geographies, it is mistaken with morphologically similar
but biologically different seeds [8]. Looking at different
sourcing points of Nigella sativa seeds it is necessary to
standardize the source, basis its composition of active
compounds. This study brings the significant information
about the genetic diversity of Nigella sativa, which further
can be linked with its chemical composition to standardize
the source of Nigella sativa.

Recently there are many research studies which tried to
understand the genetic diversity and its linkages with the
yield of produce, adaptation to diverse environmental
conditions, breeding and conservation strategies. There
are various genetic markers are being used to study
genetic diversity and linkages to various aspects like ISSR
(Inter-simple sequence repeats (ISSRs) ) marker with
morphological study used to estimate the genetic variation
in 117 Trachyspermum ammi accessions belonging to 25
populations collected from different geographical regions
in Iran [9], Capsicum (Pepper ) is quite important
agriculture product in China. Genetic diversity in
Capsicum spp. germplasm from China was studied using
simple sequence repeat (SSR). Results of the study
indicated that genetic diversity in Capsicum spp. were
structured by migration of genotypes followed by human
selection for cultivar types in agreement with consumption
modes and adaptation to the highly diversified agro-
climatic conditions [10]. Genetic diversity in 30 Ginkgo
biloba half-sib families was analyzed using an AFLP
(amplified fragment length polymorphism) marker, this
study led to a strategy for the selection of improved
varieties of Ginko biloba half-sib families and the zoning
of the improved varieties on a national scale [11]. Paeonia
Jishanensis is an endangered ornamental and medicinal
plant from China. Genetic diversity and population

structure of this plant was studied using 21 EST-SSR
markers in China. The study indicated limited gene flow
hindered by geographical, physical barriers and its
breeding system (facultative vegetative reproduction).
This is a significant observation for the conservation and
utilization of this endangered species [12]. Ulmus
lamellose is an endangered and primarily distributed in
North China was studied for its genetic diversity. 16
natural populations of Ulmus lamellosa was evaluated by
morphological traits and sequence-related amplified
polymorphism  (SRAP) markers. Molecular and
morphological markers indicate that Ulums lamellosa has
high genetic diversity from different region, and this is
probably due to the biological characteristics, distribution
and modes of reproduction [13]. In a study genetic
diversity among the 32 accession of Nigella sativa from
various region of Pakistan was studied using 58 primers.
15 primers generated 66% polymorphic bands, revealing a
high level of polymorphism among these genotypes.
Further UPGMA cluster analysis divided the 32 accessions
into 7 distinct clusters, indicating genetic diversity
amongst this accession. The grouping pattern of clusters
was related well with principal component analysis [22].
Although there are studies which focus on genetic
diversity of Nigella sativa in specific countries or region
are available, the study focusing on genetic diversity
among the Nigella sativa from different countries are not
reported till date. Present study targets at determining the
genetic diversity amongst 8 Nigella sativa genotypes
using RAPD markers and establishing the genetic
relationships amongst these genotypes. This knowledge of
variations in genetic makeup and their relationship among
different genotypes would prove quite useful for selection
of germplasm resource for breeding and commercial
sourcing.

2. Material and Methods

a) Plant material

Total eight samples of Nigella sativa from geographies like
India, Pakistan, Saudi Arabia, Syria, Turkey, Oman, Tunisia,
and Egypt were used for study. All samples are labeled with
their details and kept in Herbarium of Department of Life
Science, Jaipur National University, and Jaipur.

Table 1. Details of Samples.

Description of Samples Identification of Sample

Nigella sativa Seeds - India JNUJ/SPS/NS/S1
Nigella sativa Seeds - Pakistan JNUIJ/SPS/NS/S2
Nigella sativa Seeds - Egypt JNUJ/SPS/NS/S3
Nigella sativa Seeds - Saudi Arabia JNUJ/SPS/NS/S4
Nigella sativa Seeds - Oman JNUJ/SPS/NS/S5
Nigella sativa Seeds - Syria JNUJ/SPS/NS/S6
Nigella sativa Seeds - Turkey IJNUJ/SPS/NS/S7
Nigella sativa Seeds - Tunisia JNUJ/SPS/NS/S8

Samples were collected from eight countries which are
major producer of this herb.
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Figure 1. Locations of samples collected.

b) DNA extraction

Plant DNA was separated from Seed coat cells using
plant/fungi DNA isolation kit from Norgen Biotek, Canada
(DNA Isolation Kit Product # 26200) [14] following
manufacturer’s protocol. Purified DNA was preserved at -20°
C till further use. Further, extracted DNA was examined
using 0.8% gel electrophoresis stained with ethidium
bromide.

¢) RAPD Primer and PCR procedure

20 RAPD primers (decamer oligonucleotides of arbitrary
sequence) were used for PCR amplification.

Table 2. Details of Primer (Decamer) used and their properties.

S.No.  Primers Sequence (5’ to 3°) PCR response
1 OPSO1 5’-CTACTGCGCT-3’ -
2 OPS02 5’-CCTCTGACTG-3’ -
3 OPS03 5’-CAGAGGTCCC-3’ 3
4 OPS04 5’-CACCCCCTTG-3’ 4
5 OPS05 5’-TTTGGGGCCT-3’ 4
6 OPS06 5’-GATACCTCGG-3’ -
7 OPS07 5’-TCCGATGCTG-3’ -
8 OPZ10 5’-CCGACAAACC-3’ -
9 OPAO0S 5’-AGGGGTCTTG-3’ -
10 OPAOQ7 5’-GAAACGGGTG-3’ -
11 OPA18 5’-AGGTGACCGT-3’ -
12 OPAG13 5’-GGCTTGGCGA-3’ 3
13 OPE04 5’-GTGACATGCC-3’ 4
14 OPE18 5’-GGACTGCAGA-3’ 4
15 OPFO1 5’-ACGGATCCTG-3’ 3
16 OPF10 5’-GGAAGCTTGG-3’ 4
17 OPNO3 5’-GGTACTCCCC-3’ -
18 OPNO04 5’-GACCGACCCA-3’ -
19 OPNO5 5’-ACTGAACGCC-3’ -
20 OPNO06 5’-GAGACGCACA-3’ -

(+ indicates amplification — indicates no amplification or low response)

2.1. Optimization of RAPD Protocol

PCR technology is quite sensitive to variations in
experimental parameters like pH values, template DNA
Concentration, effects of magnesium and length of the
denaturation. Applied Biosystems, USA) Model 2720 were
used to carry out DNA amplification. Total 20 primers were
initially screened against eight samples of DNA extracted
from Nigella sativa seed. Annealing temperature was

optimized for running reactions at various temperatures. Out
of 20 RAPD primers eight primers provided amplifications,
and they were further selected for experimentation.
Programming of PCR thermocycler was done basis
optimization, denaturation step one cycle (94°C for 3 min),
35 cycles (94°C for 1 min, 55°C for 1 min, 72°C for 1 min)
and one cycle 72°C for 7 min and then held at 4 °C until the
tubes were removed.

2.2. PCR Reaction

Selected RAPD primers (Table 2) were used to perform
PCR reaction with plant DNA extracted from seed coat cell
of Nigella sativa from different geographies. PCR was
performed using a reaction mixture of a total volume of 20 pl
and contained 10 pl of Tag PCR Master Mix (Norgen Biotek,
Canada), 7 pl distilled water, 2 pl primer (20uM) and 1ul of
the DNA template (50-80 ng/ pl). The PCR conditions
maintained were as follows, one cycle (94°C for 3 min), 35
cycles (94°C for 1 min, 36°C for 1 min, 72°C for 2 min) and
one cycle 72°C for 10 min. Amplified PCR products were
checked on 1.5% agarose gel electrophoresis for different
bands patterns, and the results were used for further analysis

2.3. Gel Electrophoresis

All visible and unambiguously scorable bands or
fragments were studied. The bands present in one sample and
absent in the other samples were considered as polymorphic
bands. These Polymorphic bands or fragments were used to
investigate the linkage with the trait. RAPD bands were
separated electrophoretically on 1.5% agarose gels, stained
with ethidium bromide, and photographed on a UV
transilluminator using a digital camera.

2.4. Data Analysis

RAPDs are dominant markers [15]. Hence they can be
scored simple scoring system like present-absent. Ethidium
bromide stained polyacrylamide gels were photographed and
used to score the data for RAPD analysis. Individual DNA
band or fragment amplified was treated as a unit character.
Such RAPD fragments were scored as 1 for present or 0 for
absent for each of the primer-accession combinations.
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Presence or absence of specific fragment indicates the
representation of that particular sequence in the amplified
plant DNA samples. In this case presence or absence of
particular band or fragment basis their mobility is more

important than their intensity. The presence and absence of
the bands was scored in a binary data matrix. Common DNA
bands or fragments present in all accessions were not
included in data as they are of non-informative type.

Table 3. Details of amplified fragments and polymorphic fragments.

Primers Sequence (5’ to 3°) ;Z:‘;S;ggﬁ:ezi:mphﬁed g:::ll;g:;fgl::: g::;orp hic % Polymorphic loci
OPS03 5’-CAGAGGTCCC-3’ 16 14 87.5%

OPS04 5’-CACCCCCTTG-3’ 16 11 68.75%

OPS05 5’-TTTGGGGCCT-3’ 16 9 56.25%

OPAGI13 5’-GGCTTGGCGA-3’ 16 14 87.5%

OPE04 5’-GTGACATGCC-3’ 16 11 68.75

OPEI18 5’-GGACTGCAGA-3’ 18 11 61.11%

OPFO1 5’-ACGGATCCTG-3’ 24 19 79.16%

OPF10 5’-GGAAGCTTGG-3’ 16 9 56.25%

Total 138 bands were observed, out of which 86 were
designated as polymorphic bands, which is of 71% band
observed. Highest number of amplified bands was observed
in OPF01 primer, followed by OPE18 and OPS03, OPS04,
OPS05, OPAGI13, OPE04, OPF10. Average number of

amplified bands per primer observed were 17 in number.

Further UPGMA software
(http://genomes.urv.es/UPGMA/) was used to draw
dendrogram. Similarity Matrix was prepared with Jaccard
Coefficient.

Table 4. Similarity Matrix computed with Jaccard coefficient.

S1 S2 S3 S4 S5 S6 S7 S8
S1 1 0.769 0.154 0.533 0.5 0.533 0.4 0.533
S2 1 0.385 0.733 0.4 0.733 0.6 0.733
S3 1 0.385 0 0.385 0.455 0.385
S4 1 0.615 1 0.846 1
S5 1 0.615 0.462 0.615
S6 1 0.846 1
S7 1 0.846
S8 1
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Figure 2. Dendrogram in Newick Format.

A similarity matrix based on the proportion of shared
RAPD fragments was used to establish the level of
relatedness among the accessions of Nigella sativa from
different geographies. The pairwise Jaccard’s coefficients
for the genetic similarities among the 8 Nigella sativa
accessions are presented in Table 4. In case of S8
(Tunisia), S6 (Syria) and S4 (Saudi Arabia) Nigella sativa

accession, there is very high similarity index of 1, while
S7 (Turkey) has similarity index of 0.846 when compared
with S8 (Tunisia), S6 (Syria) and S4 (Saudi Arabia).
Similarity indices of S3 (Egypt) is quite low and range
from 0.154 to 0.455, this makes accession S3 (Egypt)
quite different from other accession. Similarity Index for
S5 (Oman) with other accessions are as little as 0 to 0.615.
Accession S1 (India) and S2 (Pakistan) found to be very
close in term of genetic diversity and having similarity
index of 1 and 0.769.

Genetic similarity was calculated from the Jaccard
similarity index value from RAPD Bands for all the &
accessions of Nigella sativa for RAPD. These values were
used to construct a dendrogram using Unweighted Pair
Group Method with Arithmetic averages (UPGMA). Eight
accessions of Nigella sativa were found to be grouped into 4
clusters. Basis the UPGMA method, the dendrogram divided
the eight accessions into 4 clusters. Cluster 1 includes
accession S1 (India) and S2 (Pakistan) with a minute
diversity of 0.069. Cluster 2 includes accession S4 (Saudi
Arabia), S6 (Syria), S8 (Tunisia) with 0.077 genetic diversity
and accession S7 (Turkey) with genetic diversity of 0.064.
Accession S3 (Egypt) and S5 (Oman) seems to have high
genetic variations with the genetic diversity of 0.18. The
dendrogram indicated that there is a significant genetic
variation and grouping among the Nigella sativa from
different geographies.
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3. Results

The current study indicated the genetic variation and
relatedness among the eight Nigella sativa germplasm from
different geographies. The use of RAPD (Random amplified
polymorphic DNA) markers in genetic diversity analysis
supported the grouping of various genotypes. Basis the
UPGMA method, the dendrogram divided the -eight
accessions from different geographies into 4 clusters. Nigella
sativa accession from India and Pakistan found to be very
close from genetic diversity point of view. While Nigella
sativa accession from Egypt and Oman are far different from
accessions from India, Pakistan, Saudi Arabia, Syria and
Tunisia in terms of genetic diversity.

4. Discussion and Conclusion

Genetic diversity plays quite an important role in the
continuity of a species as it offers the necessary adaptation to
the prevailing biotic and abiotic environmental conditions
[16], and enables change in the genetic composition to cope
with variations in the environment. The absence of genetic
diversity makes plants or crops extremely susceptible to
widespread disease. Genetic diversity study is of prime
important in conservation of endangered species and
utilization of appropriate plant resources from diverse
germplasm. RAPD is quite an important marker for genetic
diversity. Recently genetic diversity in plant was studied
using RAPD in quite many endangered plant species like
Glehnia littoralis [16], Ulmus lamellose [13], where
researchers found the factor responsible for their endangered
status. In most cases, researchers found that there is good
amount of genetic diversity which makes species fit to
survive but over consumption of particular plant species
found to the reason of endangered status.

Genetic diversity also helps in active management
strategies and crop improvement program like genetic
diversity study of Zingiber officinale Rosc [17] which
showed that ginger undergoes genetic variation under full
range of ecological conditions. In case of genetic diversity
study by RAPD markers of Triticum aestivum L (wheat
bread) [18] varieties originating from Mediterranean region
(Egypt and Greece) has shown a quite notable genetic
diversion related to geographical divergence. 14 Withania
accessions showed morphological and chemical constituent
variation in line with genetic diversity with RAPD (Rapid
Amplification of Polymorphic DNA) markers [19].
Estimation of levels of genetic diversity and structure among
twelve East African Tall (EAT) coconut (Cocos nucifera L.)
accessions were studied using RAPD marker. Study showed
that RAPD marker could discriminate between the different
provenances and provide evidence of the different origins for
the coconut palms in the northern and southern parts of
coastal coconut-growing belt. The two major clusters concur
well with the history and distribution of coconuts in the
coastal belt of Tanzania [20].

RAPD method can distinguish taxa and hence quite

useful identification and botanical quality analysis of plant
material [21]. Molecular markers like RAPD act as a
complementary tool to morphological, histological,
biochemical and ecological information about plants, their
species and varieties. RAPD Molecular markers support
the use of genetic diversity through the descriptive
information they provide on the structure of gene pools
and accessions [22].

In the present study, RAPD markers were used to
determine genetic diversity in Nigella sativa amongst the
germplasms from different geographies and their genetic
relationships. It was concluded that RAPD technique was
a useful tool in identifying Nigella sativa germplasm and
determining genetic relationships among the accession
from different geographies. Genetic diversity is quite
important for any plant or crop to adapt different
environmental and ecological conditions in various
geographic.

Although RAPD markers meet all requirements of
important molecular markers, it has few serious
drawbacks like it is the dominant nature of markers,
pattern of non-reproducibility nature, and difficulty in
establishing homology of amplification products with
similar molecular weights. These drawbacks sometimes
decrease the quality of information obtained [23]. In
practical RAPD method is still in use extensively mainly
due to the cost, speed and efficiency of the technique to
generate large numbers of markers in a short period
compared with other methods.
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