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Abstract

Current investigation was accomplished at biology
department/faculty of science/kufa university during 2021-
2022 to asses genetic variation among five Ocimum
basilicum L. cultivars 1-Iranian (green) 2- Iranian (red) 3-
Eygptian (green) 4-Local (green) 5-Turkish (red) with
diverse geographical origin using ten ISSR markers. Results

showed that ISSR markers were effective in generating
polymorphism in basile germplasm reached to 100% by
primers UBC812 and UBC852 and givingunique fingerprint
to three cultivars by eight primers. Phyllogenetic tree and
genetic distance for studied cultivars are not strongly related
to cultivar origin or morphology.
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Introduction

Ocimum is one of the most important genera of the family Lamiaceae commonly known as basil or sweet basil (Bravo et al.,
2021) 1. The name basil is derived from the Greek word “Basileus” meaning “Royal” or “King” (Bilal et al., 2012).

This species posses nutritional importance by their content of protein, carbohydrate, fats and oils, minerals, vitamins, water
(Carbohydrates, lipid, fibre contents, protein, calcium, lron, phosphorus and Sodium (Shuaib et al., 2015) °, in addition,
secondary metabolites including polyphenols, flavonoids, essential oil, terpenic compounds, monoterpene, sesquiterpenes,
(Kisa et al., 2021) 61,

Study of genetic diversity (variation in genes and genotypes) using molecular markers offer numerous advantages
overconventional phenotype based alternativesas they are stable and detectable in all tissues regardless of growth,
differentiation, development, or defense status of the cell. (Rao and Hodgkin., 2002; Dhutmal et al., 2018) 22 9,

ISSRs (Inter Simple Sequence Repeat) and RAPDs (Randomly Amplified Polymorphic DNA) are both used to evaluate
genetic diversity in Ocimum germplasm (Khatun and Ray, 2021) (51,

Both are simple, inexpensive, need no knowledge of the target sequence, and are easy to apply and in data analysis (Bahadur et
al. 2015) 5,

The selection of genotypes with a high genetic distance in terms of the molecular marker, along with desirable agronomic
traits, can be effective in future breeding programs to produce new superior hybrids (Zafar-Pashanezhad et al., 2020) 4, it’s a
critical step in plant breeding programes for determining superior hybrid, thus this study aimed to evaluate genetic diversity
among O.basilicum L. cultivars, examining their antibacterial, antifungal and antioxidant activity and finally determination of
seed oil constitnuents.

Materials and Methods

Seeds of five Ocimum basilicum Linn L. cultivars (1-lranian (green) 2-lranian (red) 3-Eygptian (green) 4-Local (green) 5-
Turkish (red) were provided from local market, seeds sowing was conducted at the orchid of agriculture division at the
University of Kufa using plastic pots filled with beatmoss to get fresh leaves for DNA extraction and molecular markers
application of RAPD markers. Seeds and leaves illustrate in Fig 1.
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Fig 1: Leaves and seeds of Ocimum basilicum L. cultivars (1-Iranian (green) 2- Iranian (red) 3-Eygptian (green) 4-Local (green) 5-Turkish

DNA Extraction

Fresh seedling leaves were used to take apical fresh leaves
for genomic DNA extraction using Genomic DNA Mini Kit
provided from Geneaid Biotech.

Primers

The Primers were provided by Bioneer Corporation in
lyophilized form, dissolved in TE buffer to obtain 100
pmol/ul as a final concentration (stock solutions). Working
solutions 10 pmole/ul were prepared from stock solutions,
ten primers were used in application of ISSR markers
(Sofalian et al., 2008, Abou-Deif et al., 2013; Singh and
Sengar, 2015 and Muhammad et al., 2017) 7. 1. 26 18] jn
Tables 1 with their nucleotide sequences and names of each
primer.

Table 1: Primers used as ISSRs markers

Primer name 5§eque.nce3. Temperature

844A CTCTCT CTCTCT CTC TGC 48 C°
UBC820 GTGTGTGTGTGTGTGTC 45 C°
UBC816 CAC ACACAC ACACACAT 52C°
HBS10 GAG AGA GAG AGA CC 48 C°
UBC811 GAGAGAGAGAGAGAGAAC 52C°
UBC817 CAC ACACAC ACACACAA 52C°
UBC812 GAG AGA GAG AGA GAG AA 52C°
UBC852 GATAGATAGACAGACA 49 C°
17889A CAC ACACACACAAC 48 C°

HB12 CAG CAG CAG GC 48 C°

PCR Content and Amplification Programe

PCR Pre Mix master mix. Bioneer Corporation USA, (0.2
ml) thin-wall 8-strip tubes with attached cup/96 tubes were
used, (Top DNA polymerase (1U), (dATP, dCTP, dGTP,
dTTP) (Each 250 uM), Reaction Buffer with 1.5 mM Mgcl2
(1X) and Stabilizer and tracking dye, 100 bp DNA ladder
used.

According to the Experimental Protocol of AccuPower®
TLA PCR PreMix (at volume of 5 pl), the PCR reaction
mixture was prepared as follows: 5ul template DNA and 5
pul - of primer (10 pmole/ul), were added to each
AccuPower® TLA PCR Pre Mix tube. Sterilized deionized
distilled water was added to AccuPower® TLA PCR
PreMix tubes to the final volume of 20 pl.

Performing PCR of samples: The amplified of each primer
were done according to annealing temperatures and
following programe of initial temperature at 94C* for 3 min,
40 Cycles of (denaturation at 94C° for 1 min, annealing:

(red)

variable, extension at 72 C° for 1 min and final extension at
72 C° for 5 min.

Agarose Gel Electrophoresis

The gel electrophoresis methods were done according to
Sambrook and Russel (2001) 2 using 1.2% agarose at
70volt for two hours.

Statistical Analysis

The photographs resulted from agarose gel electrophoresis
was used to score data, presence of a product was identified
as (1) and absence was identified as (0), data then entered
into PAST statistic vital program, Version 62.1 (Hammer et
al., 2001) 2 and analyzed using SIMQUAL (Similarity for
Qualitative Data) routine to generate genetic similarity index
(Nei and Li, 1979) °l: GS =2Nij (Ni+Nj).

Nij is the number of bands in common between genotypes |
and j, and Ni and Nj are the total number of bands observed
for genotypes | and j, a dendrogram was constructed based
on genetic distance (GD=1-GS) using the Unweighted Pair-
Group Method with Arithmetical Average (UPGMA).
Polymorphism, primer efficiency, and discriminatory value
were calculated for each primer using the following three
equations as described by Hunter and Gaston (1988) [*3 and
by Graham and McNicol (1995) (11,

Results and Discussion

Genomic DNA Agarose Gel Electrophoresis

Results in Fig 2 show agarose gel electrophoresis of
Ocimum basilium cultivar in which of concentration of
isolated DNA was was 80.61pg/ml with purity 1.9, this
accompanied by the locations of bands near wells and their
intensity which shows their good quality and high molecular
size. (Sambrook and Russell, 2001) %31,

Fig 2: Genomic DNA agarose gel electrophoresis for Ocimum
basilicum L. cultivars (1-Iranian (green) 2- Iranian (red) 3-
Eygptian (green) 4-Local (green) 5-Turkish (red)
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DNA Fingerprint Detected by ISSR Markers

Results in Table 2 show that primers UBC820, UBC816,
HBS10, UBC811, UBC817, UBC812 and UBC852 success
in giving three cultivars a unique fingerprint, while primers
844A, 17889A and HB12 gave only one cultivar a unique
fingerprint.

As primer gave high value for polymorphism, this increased
generally with increasing number of polymorphic bands
(Hunter and Gaston, 1988 and Graham and McNichol,
1995) [3 11 and increases chance of producing unique
fingerprint. Primer which produces high polymorphic bands
can be further used as polymorphic marker which will prove
promising in identification and genetic purity testing of
crops (Pal and Singh, 2013) (291,

Polymorphic and unique alleles inside genotypes increase

chance for producing unique fingerprint (ldris, et al., 2012)
[14]

Table 2: Ocimum basilicum cultivars 1-Iranian (green) 2- Iranian
(red) 3-Eygptian (green) 4-Local (green) 5-Turkish (red)
fingerprinting (DNA profile) using ISSR markers

Primer Cultivars No. of fingerprint

844A 1 1
UBCB820 1,25 3
UBCB816 1,2,5, 3
HBS10 1,23 3
UBCB811 1,45 3
UBC817 1,45 3
UBC812 1,45 3
UBCB852 1,45 3
17889A 1 1
HB12 5 1

Total ISSR Marker Analysis

In Table 3, highest value for molecular size 2447 bp in
primer UBC852,while lowest value for molecular size was
130 bp in primer UBC811.

The higher molecular size and lower molecular size of
primers related to primer sequence annealed with DNA
template. Insertions and deletions could change the size of
the amplified product by changing distance between
annealing sites of primers (Powell et al., 1996) ?11, Highest
value for main bands (17), amplified bands (42),
polymorphic bands (13) and discriminatory value (17.567)
in primer UBC811.

The higher number of main bands and amplified are mainly
due to primer structure and that some primers recognize a
high number of annealing site, which is more useful than
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primers recognizing lower number of annealing sites. In this
case the number of amplified bands will be higher, thus
giving a better chance for detecting DNA polymorphisms
among individuals (Tahir, 2014) 281,

Discriminatory value of primer concerned with its ability to
give uniquefingerprint (Al Ghufaili and Al-Tamimi, 2017)
21 this was clearly observed in primers UBC820, UBC816,
HBS10, UBC811, UBC812, UBC817 and UBC852.

Highest number of monomorphic bands was six in primer
UBC816. Monomorphic bands are type of these sequences,
which reveal that genotypes that belong to one species share
some genome sequences and differ in others (Al-Judy, 2004)
[3]

Other lowest value for studied criteria were main, amplified
and polymorphic bands, efficiency and discriminatory value
in primers UBC816 and 17889A. Monomorphic bands in
primers 844A and UBC817 and polymorphism in primer
844A.

Primer UBC812 produced highest value for polymorphism
100%, while primer UBC852 gave highest value for both
polymorphism 100% and efficiency 0.687.

It is noteworthy that di-nucleotide repeats, anchored either at
3’ or 5’ end, usually reveal high polymorphism and the
primers anchored at 3’ end give clearer banding pattern
compared to those anchored at 5’ end. Since the primer is a
SSR motif, the frequency and distribution of the
microsatellite repeat motifs vary in different species and
influence the generation of bands as well. In general,
primers with (AG), (GA), (CT), (TC), (AC), (CA) repeats
show higher polymorphism than primers with other di-, tri-
or tetra-nucleotide repeats, primer efficiency usually affect
posotively with primer polymorphism (Tarinejad et al.,
2015) 29,

The polymorphism level of the DNA marker is the
production power of the DNA band from the PCR reaction
results using a particular marker/primer. The degree of
polymorphism is influenced by the variety of genotypes
used and it is highly dependent on how primers recognize
their complementary DNA sequence in the DNA template
used. Markers used for PCR reactions and electrophoresis
results show the same banding pattern between each DNA
sample of different genetic monomorphic markers whereas
if the electrophoresis results show different banding patterns
between each DNA sample is a polymorphic marker
(Dalimunthe et al., 2020) ¥l PCR amplification illustrated in
Fig (3, 4, 5).

Table 3: Summarized results of ISSR amplification product include: Amplified bands molecular size range in bp; No. of: main, amplified,
monomorphic, polymorphic and unique bands; primer polymorphism (%), efficiency and discriminatory value (%)

. Molecular Main Amplified | Monomorphic .| Polymorphism .- Discriminatory
Primers size bands bands band Polyt;ra\‘(r)]:jphlc (%) Efficiency Value (%)
844A 887-268 9 32 2 7 77.77 0.218 9.45
UBC820 1619-280 11 40 5 6 54.54 0.15 8.108
UBC816 649-206 11 40 6 5 45.45 0.125 6.756
HBS10 1533-188 14 39 4 10 71.42 0.256 13.513
UBC811 1720-130 17 42 4 13 76.47 0.309 17.567
UBC817 848-192 6 17 2 4 66.66 0.235 5.405
UBC812 1587-239 12 29 0 12 100 0.413 16.216
UBC852 2447-263 11 16 0 11 100 0.687 14.864
17889A 745-160 7 29 5 2 28.571 0.068 2.702
HB12 677-209 8 28 4 4 50 5.405 14.2
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Fig 3: Amplification product of primers 844A, UBC820, UBC816
and HBS10, M: DNA ladder, Ocimum basilicum cultivars (1-
Iranian (green) 2- Iranian (red) 3-Eygptian (green) 4-Local (green)
5-Turkish (red)
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Fig 4: Amplification product of primers UBC811 and UBC817, M:
DNA ladder, Ocimum basilicum L. cultivars (1-Iranian (green) 2-
Iranian (red) 3-Eygptian (green) 4-Local (green) 5-Turkish (red)

M12 345 12345 1234512324S5S

R

bl b 4

W«
=1 SH'HE'_-E

UBC812 UBC852 17889A HB12

Fig 5: Amplification product of primers UBC812, UBC852,
17889A and HB12, M: DNA ladder, Ocimum basilicum cultivars
(1-Iranian (green) 2- Iranian (red) 3-Eygptian (green) 4-Local
(green) 5-Turkish (red)

Genetic Relationships

Results in Table 4 showed that highest genetic distance was
0.74667 Iranian (green) and Turkish (red) cultivars, while
lowest genetic distance was 0.16705between Local (green)
and Turkish (red) cultivars.

In compatiblity of genetic relationships with the pattern of
geographical distribution, refer to that cultivars cultivated in
various geographical regions were situated in an identical
group, different studies have reported the incompatibility of
genetic diversity with geographical diversity (Tarinejad et
al., 2013; Tarinejad et al., 2015) 3% 291 and also inspite of
their variation or similarity in morphological characters
(AL-Tamimi, 2014) &1,

El Saied et al. (2012) [% interpretate high and low genetic
distance is associated with number of amplified bands, thus
high number of common bands (monomorphic bands)
decrease genetic distance because it refers to high genetic
similarity, while, low number of these common bands
increase genetic distance because it refer to low genetic
similarity, these bands may distributed in coding or non
coding region.

www.multiresearchjournal.com

Table 4: The genetic distance values among Ocimum basilicum cultivars 1-
Iranian (green) 2- Iranian (red) 3-Eygptian (green) 4-Local (green) 5-
Turkish (red) using ISSR markers

Cultivars 1-lranian |2-iranian|3-Eygptian| 4-Local |5-Turkish
(green) (red) (green) (green) (red)
1-Iranian
0
(green)
2- Iranian(red)| 0.60256 0
SEyoptian | 5001 | 03 0
(green) ' '
Lol | 65038 | 0.60218 | 030449 | 0
(green)
5-Turkish (red)| 0.74667 | 0.60923 | 0.31077 | 0.16705 0

Phylogenetic Tree

Genetic relationship among cultivars in Fig 6 illustrates that
Ocimum basilicum cultivars arranged among two major
custers, the first small one included only Iranian (green)
cultivar, the other large one included the rest four
cultivarswhich divided between twosubcluster each of them
contain two cultivar. The first contain Iranian (red) and
Eygptian (green) cultivars and the other contain Local
(green) and Turkish (red) cultivars.

Lack of clustering according to phyto-geographical areas
indicates that accessions from different geographical areas
were not significantly different genetically. This may be due
to spread of seed and/or high rates of gene flow between the
adjacent populations (Malav et al., 2015) [7],

Pattern of genetic diversity is not compatible with the
pattern of geographical distribution, so that the cultivars
cultivated in various geographical regions were situated in
an identical group, different studies have reported the
incompatibility of genetic diversity with geographical

diversity (Tarinejad et al., 2013; Tarinejad et al., 2015) %
29]_

2-Tramian 3-Evgptian 4-Local 5-Turkish 1-Iranian
(red) (green) (green) L) (green)

Fig 6: UPGMA dendrogram illustrating the trees of genetic
relationship between Ocimum basilicum cultivars 1-Iranian (green)
2- Iranian(red) 3-Eygptian (green) 4-Local (green) 5-Turkish (red)

using ISSR markers

References

1. Abou-Deif MH, Rashed MA, Sallam MAA, Mostafa
EAH, Ramadan WA. Characterization of Twenty
Wheat Varieties by ISSR Markers. Middle-East Journal
of Scientific Research. 2013; 15(2):168-175.

2. AL-Ghufaili  MF, Al-Tamimi AJT. Genetic

Relationship among some Wheat Genotypes Using Ten

ISSR  Markers. IOSR Journal of Pharmacy and

Biological Sciences (IOSR-JPBS). 2017; 12(3):30-36.

AL-Judy NJ. Detecting of DNA Fingerprints and

Genetic Relationship Analysis in Local and Improved

637

w


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

Rice (Oryza sativa L.) Varieties in Irag Using RAPD
Markers. Ph.D. thesis, College of Science, Baghdad
University, 2004, p166.

AL-Tamimi AJT. Genetic Diversity of Some Tomato
Genotypes Using RAPD and SSR markers in Iraq. PhD
thesis. Faculty of science. University of kufa, 2014,
p183.

Bahadur B, Rajam MV, Sahijram L, Krishnamurthy
KV. Plant Biology and Biotechnology. Plant Genomics
and Biotechnology. 2015; 2.
https://www.springer.com/gp/book

Boligon AA, Athayde ML. Importance of HPLC in
Analysis of Plants Extracts, Austin Chromatography.
2014; 1(3):1-2.

Bravo HC, Céspedes NV, Zura-Bravo L, Munoz LA.
Basil Seeds as a Novel Food, Source of Nutrients and
Functional Ingredients with Beneficial Properties: A
Review, Food. 2021; 10(7):p1467.

Dalimunthe SR, Siregar LAM, Putri LAP, Chairunnisa
T, Hairmansis A. Polymorphism levels of some SSR
markers (Simple Sequence Repeat) for parental line
identification on low temperature tolerance, IOP Conf.
Series: Earth and Environmental Science 454, 2020.
Dhutmal RR, Mundhe AG, More AW. Molecular
Marker Techniques: A Review Int. J. Curr. Microbiol.
2018; 6:816-825.

El Saied SH, Hegazi A, Tawfik AA, Sayed HA.
Molecular Characterization of Local and Imported
Olive Cultivars Grown in Egypt Using ISSR Technique.
J. Hortic. Sci. Ornamen. Plant. 2012; 4(2):148-154.
Graham J, McNicol RJ. An examination of the ability
of RAPD markers to determine the relationships within
and between Rubus spp. Theo. Appl. Gene. J. 1995;
90:1128-1132.

Hammer O, Harper DAT, Ryan PD. Past:
Palaeontological Statistics software package for
education and data analysis. Paleontologia Eletronica.
2001; 4(1):1-9.

Hunter PR, Gaston MA. Numerical index of
discriminatory ability of simpson's index of diversity. J.
Clin. Mic. 1988; 26:2465-2466.

Idris AE, Hamza NB, Yagoub SO, Ibrahim AIA, EI-
Amin HKA. Maize (Zea mays L.) Genotypes Diversity
Study by Utilization of Inter-Simple Sequence Repeat
(ISSR) Markers. Australian Journal of Basic and
Applied Sciences. 2012; 6(10):42-47.

Khatun N, Ray S. Molecular markers assisted
characterization of the genus Ocimum, Heritage. 2021;
8:15-28.

Kisa D, Imamo glu R, Geng N, Sahin S, Qayyum MA,
Elmasta SM. The interactive effect of aromatic amino
acid composition on the accumulation of phenolic
compounds and the expression of biosynthesis-related
genes in Ocimum basilicum. Physiol. Mol. Biol. Plants.
2021; 27:2057-2069.

Malav P, Singh R, Pandey A, Bhatt KC. Molecular
diversity study within holy basil species (Ocimum
tenuiflorum L.) using ISSR and RAPD markers, Indian
J. Hort. 2015; 72(4):528-534.

Muhammad RW, Qayyum A, Ahmad MQ, Hamza A,
Yousaf M, Ahmad B, et al. Characterization of maize
genotypes for genetic diversity on the basis of inter
simple sequence repeats. Genetics and Molecular
Research J. 2017; 16(1):gmr16019438.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

www.multiresearchjournal.com

Nei M, Li WH. Mathematical modern for studying
genetic variation in terms of restriction endonuclease.
Pro. Nat. Acad. Sci. 1979; 74:5269-5273.

Pal D, Singh M. Molecular profiling and RAPD
analysis of Commercial Hybrid Parental Lines in
Tomato and Chili. IJIRSET. 2013; 2(9):4288-4292.
Powell W, Morgante M, Andre C, Hanafey M, Vogel J,
Tingey S, et al. The comparison of RFLP, RAPD,
AFLP and SSR (microsatellite) markers for germplasm
analysis. Molecular breeding. 1996; 2(3):225-238.

Rao VR, Hodgkin T. Genetic diversity and conservation
and utilization of plant genetic resources, Plant Cell,
Tissue and Organ Culture. 2002; 68:1-19.

Sambrook J, Russell DW. In vitro application of DNA
by the polymerase chain Reaction, in molecular
cloning. A laboratory manual. 3" ed., Cold Spring
Harbor Laboratory Press, New York. 2001; Chapter
8:691-733.

Zafar-Pashanezhad M, Shahbazi E, Golkar P, Shiran B.
Genetic variation of Eruca sativa L. genotypes revealed
by agro-morphological traits and ISSR molecular
markers, Industrial Crops and Products. 2020;
145:p111992.

Shuaib OR, Adeniran OI, Musah M, Yerima H, Sani H,
Amusat K. Comparative Nutritional and Anti-
Nutritional Analysis of Ocimum grattissimum and
Ocimum basilicum, Academia Arena. 2015; 7(7):77-81.
Singh A, Sengar RS. DNA Fingerprinting Based
Decoding of Indica Rice (Oryza sativa L) Via
Molecular Marker (SSR, ISSR, & RAPD) in Aerobic
Condition. Adv. Crop. Sci. Tech. 2015; 3(2):1-8.
Sofalian O, Chaparzadeh N, Dolati M. Genetic diversity
in spring wheat landraces from northwest of Iran
assessed by ISSR markers. Notul. Bot. Hort. Agric.
Cluj-Napoca. 2008; 37:252-256.

Tahir NA. Genetic Variability Evaluation among Iragi
Rice (Oryza sativa L) Varieties using RAPD Markers
and Protein Profiling. Jordan Journal of Biological
Sciences. 2014; 7(1):13-18.

Tarinejad A, Sofalian O, Valizadeh R, Shams K.
Efficiency of anchored and non-anchored ISSR markers
to estimate genetic diversity among bread wheat
cultivars, Ranian Journal of Genetics and Plant
Breeding. 2015; 4(2).

Tarinejad A. Classification of closely related wheat
cultivars with ISSR marker. Technical Journal of
Engineering and Applied Sciences. 2013; 3:1331-1337.

638


http://www.multiresearchjournal.com/
https://www.springer.com/gp/book
https://pubmed.ncbi.nlm.nih.gov/?term=Calder%C3%B3n+Bravo+H&cauthor_id=34202798
https://pubmed.ncbi.nlm.nih.gov/?term=Vera+C%C3%A9spedes+N&cauthor_id=34202798
https://pubmed.ncbi.nlm.nih.gov/?term=Zura-Bravo+L&cauthor_id=34202798
https://pubmed.ncbi.nlm.nih.gov/?term=Mu%C3%B1oz+LA&cauthor_id=34202798

