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Abstract: Basil is used as culinary herb and assigned as medicine and spice plant. In order to evaluate some
morphological variability and RAPD analysis for herb growth and oil yield characters among three varieties
(French, Purple and Lemon basils), an experiment was conducted in two seasons (2010-2011) over two cuts in
complete randomized blocks design. The analysis of variance showed highly significant differences among
varieties and cuts in studied characters. Ranges of herb dry yield were (68.40-86.30g), oil percent (2.30-2.90 ml.)
and oil yield (1.22-2.24 ml.). The highest values of genotypic coefficients of variation (G.C.V %), genetic
advance (GA) and broad sense heritability (h b) were obtained for stem dry weight, linear growth, herb dry2

weight and leaf dry weight. The study reflected the importance of herb dry yield and essential oil percent as
selection criteria for improvement oil yield in sweet basil. Varieties were analyzed through RAPD markers with
five random primers to determine the extent of molecular characterization. The results showed 58 amplified
fragments which ranged from 2010 to 80 bp., 26 of them were polymorphic (44.83 %) and the other 32 amplified
were monomorphic. Our observations suggested that morphological variability and RAPD analysis could help
in identifying genetic variations among different varieties of basil, help in plant improvement and develop a
well-organized way to conserve the genetic wealth of basil varieties.
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INTRODUCTION value [3]. Lemon basil is grown as culinary herb, used

Basil has been used as a medicinal and aromatic plant drug, perfume and in cosmetic industry [4].
for centuries. Nowadays it is used in many fields of In modern field of crop improvement programme,
human activity, especially in the food industry and in genetic studies have attained significant importance in
gastronomy. Basil is also important for the pharmaceutical evolving varieties studied to various environmental
industry and is still used in traditional medicines in many conditions. In such studies heritability estimates of
parts of the world. It is appreciated for its essential oil, quantitative characters play an important role in
which gives it a unique flavor. Medicinally, it is useful in expressing the reliability of variance value as a selection
a variety of human and animal diseases treatment such as guideline to the plant breeder during the succeeding
malaria, colic, vomiting, common cold, cough and skin generations. The measures of transmission of characters
diseases [1]. The genus Ocimum is characterized by great from generation to generation are termed as heritability.
variability among its constituent species, including Heritability along with genetic advance should be jointly
morphology, growth habit, the color of flowers, leaves, considered to arrive at a more reliable conclusion [5].
stems and chemical composition [2]. More than 60 Therefore, it becomes necessary to partition the observed
varieties of basil are identified with green leaves, red and variability into its heritable, non heritable components and
violet. French basil is green, sweetest flavor that is very to have an understanding of parameters such as genetic
valuable. American is high quality sweet basil, leaf color coefficient of variation, heritability and genetic advance
and uniform size. Egyptian and African Basil is known by [6, 7]. Among the polymerase chain reaction (PCR)-based
the name, the taste is different in between and has a lower molecular techniques, random amplified polymorphic

fresh and dried in floral arrangements. Also is used as
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DNA (RAPD) is convenient in performance and does not was dried with anhydrous sodium sulphate and stored at
require any information about the DNA sequence to be 20°C in a sealed amber bottle. Essential oil content in air
amplified [8]. Due to its procedural simplicity, the use of dried herb was extracted and determined on basis of
RAPD as molecular markers for taxonomic and systematic volume/weight x 100 according to Guenther [14]. Oil yield
analyses of plants [9], as well as in plant breeding and the was calculated  from  multiplication of leaves dry weight
study of genetic relationships have considerably in g/plant x essential oil %.
increased [10]. Harisaranraj et al. [11] and Ibtisam [12]
utilized RAPD-PCR for the identification and Molecular Analysis
characterization of some basil cultivars. Vieira et al. [13] DNA Isolation: Young leaves of the three basil varieties
investigated the relationship between seven species of were collected and soaked in liquid nitrogen for DNA
basil using 15 RAPD primers. They found close relation extraction using the 2% CTAB method modified by
between O. basilicum and O. tenuiflorum. Agrawal et al. [15].

The objectives of this study were to determine
genetic variability and molecular characterization using RAPD-PCR Analysis: A total of five primers were used
RAPD analysis for ten quantitative characters among to amplify DNA [16] (manufactured by Bioneer, New
three varieties of sweet basil (Ocimum basilicum L.) Technology Certification from ATS Korea). The total
grown in Egypt. reaction  mixture  was  15 µl  contained  10 x  PCR  buffer,

MATERIALS AND METHODS Taq polymerase and about 150 ng genomic DNA. DNA

Agronomic and Morphological Analysis: The present thermal cycler. The temperature profile was as follow:
study was carried out during two successive growing initial denaturetion step at temperature 94°C for 5 min
seasons of 2010 and 2011 at the farm of South Tahrir (94°C for 30 sec., annealing temperature 45°C for 1 min.
Agricultural  Company,  Beheira Governorate, Egypt. and extension temperature 72°C for 1 min) then final
Three varieties seeds of (French, Purple and Lemon extension at 72°C for 5 min.
basils) were selected and sown in bed on the 25  Marchth

in both seasons. Thirty five (35) days later from planting, Amplification  Product  Analysis:  The  amplified  DNA
seedlings  were  transplanted  into  field  in the 1  May (15 µl) for all samples was electrophoresed on 1% agarosest

2010 and 2011, respectively. All plants were fertilized at containing ethedium bromide (0.5 µg/ml) in 1X TBE buffer
rate of 35 m /feddan (one feddan = 0.42 ha) by organic (89 mM Tris-HCl, 89 mM Boric acid, 2.5 mM EDTA, pH3

manure without any chemical nutrient addition. The plants 8.3) at 75 constant volt and determine with UV trans
were harvested 2 times (cuts) during July and September illuminator. The size of each fragment was estimated with
in both seasons. Data recorded on of the three varieties reference to a size marker of 100 bp DNA ladder (BioRoN,
from each replicate in both cuts for ten growth herb Germany).
characters included: 

Linear growth (cm). (UVI gel Tec version 12.4, 1999-2005, USA).
Number of primary branches.
Leaves fresh weight (g). Data  Analysis: A  matrix for RAPD-PCR was generated
Leaves dry weight (g). by  scoring  reproducible  bands as 1 for their presence
Stem fresh weight (g). and as 0 for their absence across the lines. Genetic
Stem dry weight (g). similarity coefficients were computed according to Nei
Herb fresh weight (g). and  Li [17]. The data were subsequently used to
Herb dry weight (g). construct  a  dendrogram  using  the unweighted pair
Essential oil percent %. group method of arithmetic averages (UPGMA) [18]
Essential oil yield (g). employing  sequential,  agglomerative   hierarchic  and

Essential Oil Extraction Procedure: The oil was obtained were  carried  out using the software NTSYS-PC
by hydro distillation over 3h by using a Clevenger-type (Numerical Taxonomy and Multivariate Analysis System),
apparatus with 30 g of fresh leaves cut into pieces. The oil version 2.1 [19].

2 mM MgCl , 0.2 mM dNTPs mixed, 10 pmol primer, 1.25 U2

amplification was obtained through 35 cycles in a DNA

Gel Analysis: The gel analysis was applied by programme

non-overlapping clustering (SAHN). All the computations
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Statistical Analysis: A complete randomized block design observed  in essential   oil   percent,   (0.75-1.23)  and
with three replications was used in the experiment, the (0.75-1.22)with the mean of (0.96±0.018) and (0.92±0.018),
general statistical procedures was practiced according to respectively. The highest range of variation was recorded
Steel and Torrie [20]. Analysis of variance (ANOVA) and in number of primary branches (10.4-22.6 ) followed by leaf
broad sense heritability (h b) were generally assigned for dry  weight  (43.16 -  91.2),  stem dry weight (39.78-80.2)2

the  data of each season according to Robinson et al. [21]. and herb fresh weight (425.18-545.15) with the means of
The phenotypic and genotypic coefficients of variation (16.18±0.408),(67.81±1.82),(60.13±1.79)and (479.91±4.19),
(PCV  %  and  GCV  %) were computed according to respectively among the characters in the first season
Burton and Dorane [22]. The expected genetic advance (Table 3). On the other hand, oil yield, herb dry weight,
from selection ( GA %) was computed according to leaf dry weight and number of primary branches showed
Johanson et al. [5]. the  highest  range  of  variation  in the second season.

RESULTS range of variation among the studied varieties

Genetic Variability as Revealed by Morphological Traits: in case of herb fresh weight and leaf dry weight in the
Combined analysis of variance for three basil varieties second season. The values of CV ranged from 5.09 for
across   two  cuts and over two seasons are shown in herb fresh weight in the second season to 9.88 for stem
Table 1. The results of the analysis revealed highly fresh  weight  in  the first  season. All the C.V values for
significant differences among varieties and cuts for all five  metrical  attributes  were  below  the  value  of  10.
studied traits in both seasons. The interaction between The remaining C.V values were medium to high in both
varieties and cuts (v x c) showed highly significant seasons.
variations in the linear growth and leaf dry weight in the The genotypic and phenotypic coefficients of
first season and in herb fresh weight in the second. Leaf variation (GCV and PCV) are the measures of variability
fresh weight, stem dry weight, oil percent and oil yield among the varieties under study. Little difference between
showed  significant  interaction  in   the   first  season. GCV and PCV were recorded for all the herbage growth
Stem dry weight was significant only among the characters except number of primary branches and oil
interaction (v x c). Mean performances of three varieties percent. The PCV and GCV for number of primary
(French, Purple and Lemon basils) across two cuts and branches and oil percent were (6.120, 2.991) and (10.825,
over two seasons for ten studied characters are presented 5.715) in the second season, respectively. Oil percent
in Table 2. The results indicated that Lemon variety showed also higher PCV (11.148) than GCV (4.775) in the
produced the highest mean values for herb dry weight, first season. The PCV was generally higher than the GCV
herb fresh weight, leaf dry weight, leaf fresh weight, for all the characters, but in many cases, the values of
number of primary branches and linear growth with the PCV and GCV differed only slightly. PCV and GCV ranged
values 167.45, 529.08, 108.80, 262.24, 20.13 and 148.86, from (30.665 - 3.334) and (25.983 - 2.719) in both seasons
respectively. The estimates of the highest mean values of for studied characters. PCV/GCV of the oil yield had the
Lemon and French varieties for the traits, stem dry weight, highest values in both seasons (30.665/25.983) and
herb  fresh weight, number of primary branches and linear (26.318/20.111), respectively. While, the lowest values
growth were close to each other in the second cut of the (3.334/2.719) and (5.044/4.725) were recorded for herb
first season  (Table  2).  The  maximum  oil yield (0.970) fresh weight in both seasons, respectively. The highest
was obtained by French variety at second cut in the first GCV  and  PCV  were found for oil yield (25.983, 30.665)
season. On the other hand, purple variety had the lowest and  (20.111,  26.318)  followed  by  leaf  dry  weight
values in all studied characters except oil percent among (25.055, 27.025) and (18.693, 19.132) and number of primary
varieties in the first seasons. branches (10.249, 12.549) and (2.991, 6.120), in both

The extent of genetic parameters for two seasons in seasons, respectively.
respect to ten characters in different varieties, measured The heritability in broad sense estimates ranged from
in terms of mean, range (R), coefficient of variation (C.V), 18.34% to 89.59% for oil percent and linear growth at the
phenotypic coefficient of variation (PCV), genotypic first season. While in the second season it is ranged from
coefficient of variation (GCV), broad sense heritability 23.88  to  93.76%  for number of primary branches and
(HB) and expected genetic advance (GA) are given in linear growth. The highest estimates of heritability in
Table 3. In both seasons similar narrow range was broad  sense  were observed for stem dry weight (95.16 %)

The remaining characters in both seasons had moderate

Coefficients of variation (C.V %) ranged from 5.09-25.78 %
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Table 1: Mean squares of combined analysis of three basil varieties for ten characters studied in the two successive seasons (2010 /2011) within two cuts
SOV d.f Seasons LG NPB LFW LDW SFW SDW HFW HDW OP OY
Varieties (v) 2 I 3633.53** 49.41** 4921.24** 5195.88** 2310.53** 423.86** 3066.77** 4369.44** 0.0347* 0.505**

II 3668.12** 4.317** 4673.37** 4007.50** 2484.28** 4069.86** 9793.58** 5279..06** 0.0542** 0.419**
Cuts (c) 1 I 12457.01** 406.73** 20674.92** 8871.18** 10234.42** 10199.73** 22527.35** 10773.56** 0.327** 0.229**

II 892.88** 441.47** 6692.47** 1139.61** 8344.75** 473.48** 25214.98** 1627.02** 0.4338** 0.0642**
(v) x (c) 2 I 230.178** 1.295 532.97* 441.88** 107.442 106.90* 99.730 296.47 0.0288* 0.038*

II 10.935 0.338 34.754 1.795 54.479 58.531* 1450.59** 8.574 0.0165 0.0108
Replicates 2 I 7.662 0.361 91.324 64.316 76.83 10.511 42.710 28.824 0.0284 0.01547

II 21.166 0.430 35.972 17.989 45.434 23.431 17.825 78.745 0.01007 0.0117
Error 46 I 23. 45 1.3780 168.43 47.169 62.575 17.758 85.688 103.778 0.0086 0.0110

II 13.533 0.764 41.198 10.586 45.010 11.502 75.746 31.954 0.0078 0.0167
Total 53 -- -- -- -- -- -- -- -- -- -- --
P < 0.05; **P < 0.01; Linear growth (LG), Number of primary branches (NPB), Leaves fresh weight (LFW ) Leaves dry weight (LDW), Stem fresh weight
(SFW ), stem dry weight (SDW), Herb fresh weight (HFW ) Herb dry weight (HDW), Essential oil percent % (EOP) and Essential oil yield (EOY).

Table 2: Mean performances of three varieties of basil in the two seasons within two cuts for ten studied characters.
Variety Seasons Cuts LG NPB LFW LDW SFW SDW HFW HDW OP OY
French 1 I 94.86 11.47 184.75 51.38 158.81 51.90 458.25 104.10 1.09 0.558st

II 123.72 17.46 234.12 69.06 180.74 74.43 499.56 132.00 0.84 0.585
2 I 103.08 13.23 193.19 46.49 150.28 41.73 442.04 95.29 0.92 0.479nd

II 112.78 19.27 213.28 56.39 171.16 44.98 466.03 105.80 0.80 0.464
Purple 1 I 110.00 14.84 216.54 77.55 176.47 52.39 475.27 122.28 1.05 0.812st

II 148.20 19.77 244.23 100.04 206.25 86.40 520.58 142.59 0.97 0.970
2 I 122.78 12.87 218.58 66.87 163.83 59.69 463.34 119.24 1.03 0.734nd

II 130.86 18.46 239.89 75.83 190.19 69.72 509.47 131.77 0.86 0.654
Lemon 1 I 124.76 14.58 221.90 72.07 171.10 59.76 485.94 130.92 0.99 0.713st

II 148.86 20.13 262.24 108.80 201.99 85.69 521.86 167.45 0.84 0.919
2 I 132.61 13.87 220.03 76.30 169.86 70.13 469.55 128.39 1.07 0.820nd

II 139.23 19.40 245.43 84.99 197.20 74.61 529.08 138.28 0.83 0.709
Linear growth (LG), Number of primary branches (NPB), Leaves fresh weight (LFW ) Leaves dry weight (LDW), Stem fresh weight (SFW ), stem dry weight
(SDW), Herb fresh weight (HFW ) Herb dry weight (HDW), Essential oil percent % (EOP) and Essential oil yield (EOY).

Table 3: Mean, range, coefficient of variation, phenotypic coefficient of variation, genotypic coefficient of variation, broad sense heritability and expected genetic
advance for ten characters in two cuts, of three basil varieties in the two seasons (2010 /2011)

Coefficient of Phenotypic of Genotypic of Heritability Genetic
Characters Seasons Mean ±S.E. Range (R) variation C.V% variation P.C.V% variation G.C.V% h b % advance GA%2

Linear growth I 123.55± 1.75 92.4-160.12 10.49 12.149 11.449 89.592 27.703
II 125.00±2.69 98.38-145.14 15.94 11.793 11.420 93.769 28.476

Number of primary branches I 16.18±0.408 10.4-22.6 18.71 12.549 10.249 66.699 2.789
II 16.37±0.443 12.2-21.5 20.07 6.120 2.991 23.889 0.4930

Leaf fresh weight I 221.73±2.49 175.6-296.14 8.33 9.479 7.457 61.879 26.794
II 227.30±1.79 185.6-255.2 12.01 7.631 7.088 86.304 30.836

Leaf dry weight I 67.81±1.82 43.16-91.2 19.93 27.025 25.055 85.954 32.448
II 79.82±2.77 44.66-119.5 25.78 19.132 18.693 95.463 30.032

Stem fresh weight I 173.75±2.33 142.32-215.2 9.88 22.082 18.105 67.225 19.135
II 182.56±2.49 146.33-217.7 10.12 7.410 6.435 75.408 21.015

Stem dry weight I 60.13±1.79 39.78-80.2 22.07 10.688 8.070 57.008 7.597
II 68.43±2.05 46.18-95.16 22.17 22.526 21.973 95.155 30.215

Herb fresh weight I 479.91±4.19 425.18-545.15 6.48 3.334 2.719 66.539 21.933
II 493.58±3.36 440.64-538.2 5.09 5.044 4.725 87.780 45..019

Herb dry weight I 119.80±2.21 90.18-147.25 13.71 15.538 13.005 70.053 26.863
II 133.23±2.92 92.86-190.3 16.28 13.536 12.854 90.173 33.500

Oil percent I 0.92±0.018 0.75-1.22 14.35 11.148 4.775 18.346 0.0387
II 0.96±0.018 0.75-1.23 13.56 10.825 5.715 27.870 0.0596

Oil yield I 0.644±0.192 0.432-0.837 22.08 30.665 25.983 71.795 0.2920
II 0.759±0.025 0.479-1.177 24.64 26.318 20.111 58.395 0.2403
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Table 4: Polymorphisms revealed by the five primers used for identification of the basil varieties.
Primer code Sequence Fragment (bp) Total bands Monomorphic bands Polymorphic bands Polymorphic (%)
OPB-01 5´ CTTTCGCTCC 3` 2010-80 20 11 9 45.00
OPB-02 5´ AACGCGCAA 3` 1500-80 16 11 5 31.25
WEO-13 5´ CCCGTCAGCA 3` 910-150 8 4 4 50.00
OPB-18 5´ CCACAGCAGT 3` 1500-135 6 3 3 50.00
OPJ-10 5´ AAGCCCGAGG 3` 1600-185 8 3 5 62.50
Al l primer -- -- 58 32 26 44.83

Table 5: Similarity index (Pair wise comparison) among the three basil varieties, based on RAPD data
Varieties French Purple Lemon
French 100 -- --
Purple 76.6 100 --
Lemon 90.7 75.6 100

Fig. 1: DNA  amplified  fragments  using  five  random  primers  for  three basil varieties (1-French 2- Purple 3 - Lemon
M = marker)

Fig. 2: Dendrogram represented the genetic relationships among three basil varieties (French, Purple and Lemon) based
on RAPD markers

followed by linear growth (93.76 %), herb dry weight per stem dry  weight  (30.21),  leaf  dry weight (30.02) and
plant (90.17%) and leaf fresh weight (86.30%) in the linear  growth  (28.47)  in  the  second  season. On the
second season. The highest heritability was recorded in other hand, genetic advance  values  were  nearly  similar
linear growth (89.90%) followed by leaf dry weight and  ranged  from  19.13 to 26.79 in case of leaf fresh
(85.95%) in the first season. Moderate heritability weight, herb fresh weight and stem fresh weight in the
estimates were recorded for herb dry weight (70.05%), oil first  season  (Table  3).  High heritability estimates
yield (71.79%), stem fresh weight (67.22%), no. of primary coupled with high genetic advance were observed for
branches (66.69%) and leaf fresh weight (61.81%) in the herb fresh weight (87.78% and 45.01), leaf dry weight
first season. (95.46 % and 30.03), herb dry weight  (90.17%  and  33.50)

Low heritability estimates were observed on leaf  fresh  weight (86.304% and  30.836)  and  linear
remaining characters in both seasons. The highest values growth (93.769% and 28.476). High values of heritability
of  genetic  advance  were  obtained  for  herb  fresh coupled with moderate to low degree of genetic advance
weight  per plant  (45.19)  followed  by  herb dry weight were recorded for the remaining characters in both
per  plant  (33.50),  leaf  fresh  weight per plant (30.84.), seasons.
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Molecular  Characterization  Using  RAPD  Markers: three varieties Purple, French and Lemon basils of
Polymorphism Among Three Basil Varieties as Revealed (Ocimum basilicum) were studied across two cuts and
by RAPD Analysis: In the present study, the genetic over two seasons by comparing mean values of some
diversity among the basil varieties was investigated using morphological traits. The combined analysis of variance
five RAPD primers, generating discernible reproducible regarding the herbage and essential oil yield characters
banding profiles (Fig. 1). As illustrated in Table 4 the showed highly significant differences among varieties and
RAPD profiles amplified by the different primers cuts in all studied traits, suggesting the presence of wide
comprised multiple bands ranging from (6) to (20) variations among genotypes and indicating that these
amplicons. The total number of DNA fragments amplified traits were governed by additive genes with low
by the five primers was (58). The number of polymorphic environmental effects. Similar results were obtained by
amplicons ranged from (3) to (9). The monomorphic Aboud et al. [28] and Ibrahim et al. [29].
amplicons ranged from (3) to (11). Primer OPB-01 amplified The results showed highly significant differences
the highest number of amplicons (20) and showed recorded  in  interaction  among varieties and cuts (v x c)
polymorphism percentage of (45%). While, the lowest in case of linear growth, herb fresh weight and leaf dry
number of amplicons was revealed by the primer OPB-18. weight characters indicating that environments are
Therefore, the different primers expressed different levels responded in different manner from cut to cut, referring
of polymorphism, ranging from 31.25% with the primer that the varieties must be tested for more years in different
OPB-02 to 62.5% with the primer OPJ-10 with an average conditions. Lemon variety gave the higher herbage yield,
of 44.83%. The size of amplified fragments varied with the while the purple and French varieties gave the higher
different primers, ranging from 2010 to 80 bp (Fig. 1). essential oil yield, determining that cultivating either

Genetic Relationships and Cluster Analysis of Three of  agriculture  (herbage  production  or  oil  production).
Basil Varieties as Revealed by RAPD Markers: To In general, the highest mean values of herbage and
determine the genetic relationships among the three basil essential oil characters were observed in lemon followed
varieties, the scoring data (1 for presence and 0 for the by French and Purple varieties basils, confirming the
absence) resulting from the five tested primers were used finding of Pamplona-Roger [30], Kothari et al. [31] and
to compute the similarity matrices according to Nei & Li’s Raseetha-Vani et al.[32], who reported that basil plants
coefficient. These similarity matrices were used to were affected by various factors such as seasonal
generate a dendrogram using UPGMA method (Table 5 variation,  method  of harvest, climate and soil type.
and Fig. 2). As shown in Table 5, the genetic similarity Aboud et al. [28] and Ibrahim et al. [29] reported that the
ranged from 75.6% to 90.7%. The highest genetic variation between means of essential oil yield and other
similarity revealed by the RAPD analysis (90.7%) was characters were different in both seasons and cuts
between Lemon and French. While, the lowest (75.6%) suggesting that performance of cultivars changes from
was between Purple and Lemon varieties .The Nei & Li’s year to another and across cuts, which affect significantly
RAPD–based coefficient of genetic similarity among the on the herbage and essential oil characters.
three varieties was employed to develop a dendrogram The results of ranges for studied characters in both
using the UPGMA method (Fig. 2). The dendrogram seasons showed that similar narrow range was observed
grouped the three basil varieties into two main clusters. in essential oil percent. While, wide ranges between
The first cluster included the Purple basil variety and the means of varieties are observed in both seasons and cuts
second was divided into two subclusters. The first was in case of number of primary branches, leaf dry weight,
for the Lemon basil variety and the second was for the stem dry weight and herb dry weight. The wide range of
French variety. these traits could be due to the large sample size of

DISCUSSION variance observed for them [33]. The (PCV) was generally

Genetic variations in the genus Ocimum were (PCV) and (GCV) differed slightly. The highest values of
previously investigated using morphological and (P.C.V) and (GCV) were obtained by oil yield, leave dry
molecular traits [6, 23, 24, 25]. Morphological studies of weight and stem dry weight in both seasons. Genotypic
Ocimum species showed a high level of variability in coefficient of variation indicates that the genetic
recorded  traits  [26,  27]. Morphological characters of variability  with  heritability   estimates   would   give  best

lemon  or  French  basil  should  be  based   on the  goal

population, therefore, the higher proportion of phenotypic

higher than (GCV) for all characters except in some traits,
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indication for the amount of gain due to selection [5]. helpful  to  avoid  any  chance of elite germplasm
Heritability estimates ranged from high, medium and low becoming genetically uniform because of the simple
for most studied characters in both seasons. Highest experimental procedures, the requirement of minimal
broad sense heritability values, for stem dry weight, herb amount of plant tissue and the possibility of automation
dry weight, leaf dry weight and linear growth in the [42, 43]. The genetic similarity ranged from 75.6% to
second season indicated that selection for these 90.7%. The dendrogram grouped the three basil varieties
characters  may  be  effective  in breeding programs. into two main clusters. The first cluster included the
Similar results are in accordance with those obtained by Purple basil variety and the second was divided into two
Ibrahim et al. [29] and Singh [34]. High heritability subclusters. The first was for the Lemon basil variety and
estimates in broad sense for plant height was also the second was for the French variety.
observed by Verma et al. [35]. The different primers expressed different levels of

Genetic advance is an important selection parameter polymorphism,  ranging  from  31.25%  with the primer
which helps plant breeder in selection of elite genotypes OPB-02 to 62.5% with the primer OPJ-10 with an average
from genetically diverse population. The expected genetic of 44.83%. The size of amplified fragments varied with the
advance (GA) ranged from (0.0387) to (45.019) in stem oil different primers, ranging from 2010 to 80 bp. Similar
percent and herb fresh weight in both seasons, observations were also reported in basil by Vierira et al.
respectively. Genetic advance (GA) and broad sense [13], Lal et al. [40] and Radhika et al. [41]. Singh et al. [44]
heritability (h b) estimates showed higher values by leaf examined the genetic relationships among thirty2

dry weight, leaf fresh weight, herb fresh weight, herb dry germplasm accessions belonging to five Ocimum species
weight, stem dry weight and linear growth in both using RAPD markers and found that RAPD technique is
seasons. Higher values of heritability show lesser a sensitive, precise and efficient tool for genomic analysis
environmental and greater genetic effects. High estimates in Ocimum species, that may be useful in future studies,
values of genotypic and phenotypic covariance indicated by assigning new unclassified germplasm accessions to
wide range of variability and high heritability associated specific taxonomic groups and reclassifying previously
with higher values of relative genetic advance. It would classified accessions of other Ocimum species by
employ that additive gene effect and high heritability are traditional criteria on more objective basis. De Masi et al.
more important for morphological traits, this finding is in [6] and Williams et al. [45] suggested that oriented
accordance  with  the  results  of  Kirtikar and Basu [36] breeding programs with the help of DNA fingerprinting
and Ahmad and Khaliq [37]. The characters with high technology will be helpful to produce distinct
heritability  coupled  with  high genetic advance would cultivars/genotypes with diverse genetic background and
respond to selection better than those with high improved productivity. In addition, DNA markers are not
heritability and low genetic advance [5]. influenced by environmental impacts and are useful in

Molecular markers are useful complementary tool to describing the levels of genetic variability among plant
morphological and physiological characterization of populations to discriminate the duplicated accessions
plants because they have many advantages, for example within a specific collection of germplasm.
they are plentiful, independent of environmental effects
and cultivar identification early in plant development [38]. CONCLUSION
RAPD markers amplify products of anonymous DNA
sequences using single, short and arbitrary In conclusion, the results obtained in this study
oligonucleotide primers. RAPD has found a wide range of revealed that (PCV), (GCV), (h b) and (GA %) had the
applications in many areas of biology because of its highest  values  in case of herb dry weight, stem dry
simplicity  as  it does not require prior knowledge of a weight leaf dry weight and linear growth, respectively.
DNA sequence. RAPD markers can detect a large number The lowest values of these items were observed in
of genetic polymorphism [39]. The different primers essential oil percent and number of primary branches.
expressed different levels of polymorphism, ranging from Studies evolving genetic divergence combined with
31.25% with the primer OPB-02 to 62.5% with the primer estimates of genetic parameters are important to delineate
OPJ-10 with an average of 44.83%. The size of amplified the breeding programs and to define selection strategies
fragments varied with the different primers, ranging from that result to higher genetic gains. RAPD techniques
2010 to 80 bp. Similar observations were also reported on indicated  that  it  is  useful  in  estimation of
basil by Vierira et al.[13], Lal et al.[40] and Radhika et al. polymorphism and phylogenetic relationships among
[41]. The information about genetic similarity will be basil varieties.
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