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ABSTRACT 
 

Coriandrum sativum commonly known as coriander is an annual spice herb that belongs to the carrot family 
(Apiaceae). In addition to its use as seed spice in our routine cooking, recent studies have indicated its 
pharmaceutical and medicinal importance. Reports on genetic diversity using molecular markers in coriander 
are little. The present study was therefore aimed to focus on understanding the genetic relationship among three 
cultivars of coriander which may further assist in developing and planning breeding strategies for crop 
improvement programs. Three coriander cultivars namely Russian, Balady (Egyptian), and Selected were used. 
The quantitative genetic studied characters were linear growth, plant height, number of primary branches/plant, 
number of total branches/plant, and fruit yield of plant. Ten promising genotypes were established within each 
cultivar. The individual plant selection procedure was practiced on inter and intra-cultivar populations. Analysis 
of variance, broad-sense heritability, genetic advance, genotypic and phenotypic correlation coefficients were 
estimated. Broad-sense heritability estimates were high in the three varieties ranging between 80.4 % to 99.8 %. 
Correlation coefficients among all studied traits were positive. Selected cultivar showed the best fruit yield in 
both studied seasons, 66.73 g/plant and 70.87 g/plant, respectively. Polymorphism was detected using five 
RAPD-PCR primers on the different three coriander cultivars.  A total of 33 fragments were delineated, 10 out 
of them were polymorphic. The genotype frequencies of RAPD-PCR variants were 55.56, 20, 25, 0 and 27.27, 
average of 30.30% polymorphism indicated the presence of low genetic diversity in the studied coriander 
cultivars. 
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Introduction 
 

Coriandrum sativum commonly known as coriander is an annual spice herb that belongs to the carrot family 
Apiaceae (Mengesha and Alemaw 2010; Singh et al., 2012). It is a diploid cross pollinated crop. The plant is a 
native to Mediterranean and near eastern region (Bhandari and Gupta 1991) and is broadly cultivated in North 
Africa, Europe, India, China and Thailand. The fresh green herb and the dry spice are the two main products 
obtained from coriander plants besides steam distilled oil and solvent extracted oleo-resin for the aroma and 
flavor industry (Islam et al., 2009). It is used as spice, in perfumery, food, beverage and pharmaceutical industry, 
medicine such as antioxidant, treatment of nervous disorder, gut modulatory, blood pressure lowering and 
diuretic activities, anti diabetic and antimicrobial agent (Qaiser et al., 2009; Isabelle et al., 2010). Coriander 
seed oil is included among the 20 major essential oils in the world market (Lawrence 1992), and its commercial 
value depends on its physical properties, chemical composition, and aroma (Smallfield et al., 2001). The 
essential-oil content of the dried fruits varies from very low (0.03%) to a maximum report of 2.7% (Bandara et 
al., 2000). 

Characterization of crop genetic diversity has long been based on morphological traits, which often have 
notable advantages, such as straightforward detection and measurement and relevance to characters of 
importance to germplasm users. However, they can also have serious limitations. Gupta et al., (1995) 
investigated the analysis of variance of some coriander genotypes and deduced sufficient genetic variation 
among genotypes for all the twelve characters studied. Genotypic coefficient of variation, estimates of 
heritability and genetic gain were moderate to high for grain yield/plant, umbellets/plant, umbels/plant and 1000 
seed weight, which indicated that response to selection, would be very high for these yield components 
ultimately leading to yield improvement in this crop. Many traits are controlled by multiple alleles and loci, 
making it difficult to relate patterns of phenotypic variation to their genetic bases, and their expression may be 
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strongly affected by the environment (Lombard et al., 2001; Nuel et al., 2001). Still, most investigations of 
variation within and among coriander populations have been based on morphological traits, although many of 
those traits are environmentally influenced, and genotype by environment interactions are common (Angelini et 
al., 1997; Ali et al., 1999). Tripathi et al., (2000) evaluated forty strains/genotypes of coriander including 
controls to work out phenotypic and genotypic coefficient of variations (PCV, GCV), heritability, genetic 
advance (GA) and correlation coefficients. Correlation studies indicated that plant height, number of secondary 
branches, days to flowering, days to maturity and number of umbels were the major yield components whereas 
number of primary branches, number of umbellets per umbel and number of seeds per umbel, being negatively 
correlated with yield were less important. 

Singh et al., (2006) evaluated 360 lines of coriander (Coriandrum sativum) at (Rajasthan, India) and found 
high variability for seed yield /plant (28.65%) and seeds /umbel (21.63%) and low variability for days to 50% 
flowering (12.39%) and umbellets /umbel (13.30%). High broad sense heritability (91.94%) and genetic 
advance (56.55%) were obtained for umbels /plant and seeds /umbel. Correlation and path coefficient analysis 
indicated that umbels of plants and branches of plant were the most important traits as they exerted positive 
direct effect on seed yield. Melo et al., (2009) aimed quantify the genetic variability for coriander agronomic 
characteristics in cv. Verdão to contribute information toward genetic improvement. The genotype correlation 
between height of non-bolted plants and the number of bolted plants was considered strong (0.86) and highly 
significant, enabling simultaneous gains from selection. Mengesha and Alemaw (2010) used 49 accessions of 
coriander and studied overall, highest value of genetic coefficient of variation, broad sense heritability and 
genetic advance as percent of mean was obtained for longest basal leaf length, days to start 50% flowering, 
umbels number/plant, umbellets number/umbel, seed number/umbellets, seed number/plant, seed yield/ha and 
essential oil content. 

Mengesha et al., (2011) studied the genetic divergence among 49 Ethiopian coriander (Coriandrum sativum 
L.) accessions using employed Mahalanobi’s distance analysis based on 15 characters. The accessions were 
grouped into eight clusters. Cluster II and III were the largest each with 12 accessions, followed by clusters I 
and V each listing of seven accessions. Components, and the accessions from these clusters, therefore, could be 
used in improvement programmers to develop desirable types in coriander. Singh and Singh (2013) assessed the 
genetic parameters in respect of yield and yield determining characters of nine genotypes of coriander. The 
maximum genotypic coefficient of variability (18.39%), broad sense heritability (93.5%) and genetic advance 
over mean (36.60%) were obtained for umbels plant. Seed yield was positively associated with several 
characters such as plant height, number of primary branches plant, number of secondary branches plant, number 
of umbels plant, number of umbellets plant, number of seeds umbel and umbel diameters 

The data from RAPD-PCR analysis have indicated greater genetic diversity than allozymes in plant species 
(Esselman et al., 2000). RAPD uses 10-base pair primer to amplify the random portion of genome. It is high 
throughput marker technology, which allows the analysis of individual and large number of markers in 
relatively short time, as only a few primers allow the generation of sufficient data to obtain a robust estimate of 
diversity index and have allowed the resolution of complex taxonomic relationships (Casiva et al., 2002). 
Moreover, DNA fingerprinting is a powerful technique for assessing genetic diversity levels among germplasms 
(Lee, 1995). Crops with improved output traits could have nutritional benefits for millions of people who suffer 
from malnutrition or other deficiency disorders. Identification has been carried out of all those genes that can 
modify and enhance the composition of carbohydrates (including starch), oils, and proteins in food/feed grains 
and root crops. The development of molecular markers based on polymorphism observable in protein or DNA 
has greatly facilitated research in phylogeny, ecology, plant breeding, and genetics.  

Pedro et al., (2008) elucidated phenotypic and biochemical diversity in coriander (Coriandrum sativum L.) 
populations maintained at the North Central Regional Plant Introduction Station in Ames, IA, and examined the 
relationships between amplified fragment length polymorphism (AFLP) markers and patterns of phenotypic and 
biochemical diversity. Phenotypic and biochemical traits were evaluated and the analyses of variance and mean 
comparisons were performed on the resulting data sets. Melo et al., (2011) mentioned that molecular markers 
have been complementing the traditional morphological and agronomic characterization techniques because 
they are virtually unlimited, cover the whole genome and are not environmentally influenced. They evaluated 
the genetic similarity between ten coriander genotypes (nine cultivars and one line) using ISSR markers. The 
results indicate that the twenty nine oligonucleotides chosen were satisfactory for detecting polymorphism. 
Based on the grouping analysis determined from the similarity data, there were two groups and two sub-groups. 
The highest similarity was found between Português and Palmeira, varieties at 75%. The ISSR is efficient for 
identifying DNA polymorphism in coriander. 

The present study was undertaken to capture the potential phenotypic, genetic diversity and genetic distance 
among three different indigenous Coriandrum sativum cultivars, using RAPD-PCR marker which could 
facilitate the breeder for introducing agronomical important traits. 
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Materials and Methods 
 
Field Selection Experiments: 

 
This investigation was carried out at the farm of Research and Production Station, National Research Centre, 

Nubaria District, El-Behaira Governorate, Egypt, during two successive winter seasons (2008/09 and 2009/10). 
Planting dates were at first week of October. Fruits of 10 genotypes from each Russian, Balady and Selected 
cultivars of coriander which were selected from big populations were used in the previous seasons. The 
experimental design was complete randomized blocks with three replicates. At full ripen five individual plants 
of each three replicates per each genotype of different seasons were harvested and the plant records were 
considered as already mentioned. 
 
Plant Records: 

 
Plant records were considered on individual plants basis. They included five quantitative characters: 
1- Linear growth (cm).  
2- Plant height (cm). 
3- Number of primary branches/ plant. 
4- Number of total branches/ plant. 
5- Fruit yield per plant (g/plant). 

 
Statistical Procedures: 

 
The general statistical procedures were practiced according to standard methods given by Steel and Torrie 

(1980). The analysis of variance (ANOVA) and the broad sense heritability (h2 b) were generally assigned 
according to Robinson et al., (1951) and the genetic advance from selection as percentage change from the 
generation means Δ GA × 100 was computed according to Johanson et al., (1955). The statistical analysis 
included calculating phenotypic and genotypic correlation coefficients according to Steel and Torrie (1980). 
 
DNA isolation: 

 
Young leaves of the three cultivars from coriander were collected and soaked in liquid nitrogen for DNA 

extraction using the 2% CTAB method modified by Agrawal et al., (1992). 
 
RAPD-PCR analysis: 

 
A total of five primers sequenced in (Table 1) were used to amplify DNA (Kang and Yang 2004) 

(manufactured by Bioneer, New technology certification from ATS Korea). The total reaction mixture was 15 µl 
contained 10× PCR buffer, 2 mM MgCl2, 0.2 mM dNTPs mixed, 10 pmol primer, 1.25 U Taq polymerase and 
about 150 ng genomic DNA. DNA amplification was obtained through 35 cycles in a DNA thermal cycler. The 
temperature profile was as follow: denature temperature 94°C for 30 sec.; annealing temperature 45°C for 1 
min; and extension temperature 72 for 1 min, final extension at 72ºC for 5 min. 

 
Table 1: The sequences of the five used primers were as follows: 

Sequence  Primer 
GTT TCG CTC C Primer-1 
AAC GCG CAA C Primer-2 
CCC GTC AGC A Primer-3 
CCA CAG CAG T Primer-4 
AAG CCC GAG G Primer-5 

 
Amplification product analysis: 

 
The amplified DNA (15 μl) for all samples was electrophoresed on 1% agarose containing ethedium 

bromide (0.5 μg/ml) in 1X TBE buffer (89 mM Tris-HCl, 89 mM Boric acid, 2.5 mM EDTA, pH 8.3) at 75 
constant volt, and determined with UV transilluminator. The size of each fragment was estimated with reference 
to a size marker of 100 bp DNA ladder (BioRoN, Germany). 
 
Gel analysis: 
 

The gel analysis was applied by programme (UVI geltec version 12.4, 1999-2005, USA). 
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Data analysis: 

 
A matrix for RAPD-PCR was generated by scoring reproducible bands as 1 for their presence and as 0 for 

their absence across the genotypes. Genetic similarity coefficients were computed following Nei and Li (1979) 
as under: 

 
 
where 'Nx' and 'Ny' are number of bands present in genotypes 'x' and 'y', respectively; and Nxy are the 

number of bands shared by the cultivar 'x' and 'y'. The data were subsequently used to construct a dendrogram 
using the unweighted pair group method of arithmetic averages (UPGMA) (Sneath and Sokal 1973) employing 
sequential, agglomerative hierarchic and non-overlapping clustering (SAHN). All the computations were carried 
out using the software NTSYS-PC (Numerical Taxonomy and Multivariate Analysis System), version 2.1 
(Rohlf, 2000). Correlations coefficients were calculated using similarity coefficients obtained from RAPD-PCR 
analysis. 
 
Results and Discussion 
 
1-Analysis of variance and variability estimates between three cultivars: 

 
Analysis of variance for five quantitative characters of three cultivars (Russian, Balady (Egyptian), and 

Selected) was carried out for ten selected genotypes for all cultivars. The analysis of variance showed highly 
significant variance between cultivars as shown in Table (2) which reflects the different genetic background 
between cultivars. It is worth to note significant differences in the replicates in plant height and total number of 
branches which may be due to environmental genotype interaction in the second season 
 
2-Analysis of variance and variability estimates within three cultivars: 

 
Analysis of variance for five quantitative characters was shown in Table (3). All studied traits within the 

three cultivars each were highly significant.  Mean  performance  of  the  investigated  cultivars  are  presented  
in  Tables (4, 5 and 6) for  Russian,  Balady,  Selected, respectively. Estimates from mean performance, broad-
sense heritability %, genetic advance GA% (Table 7), phenotypic and genotypic correlation coefficients for all 
traits within three varieties through two successive seasons are shown in Table (8). They are discussed 
separately for each character 

    
a –Linear growth (X1): 

 
Data presented in Tables (4, 5, and 6) showed narrow range between 77.8 cm in Balady through the first 

season to 97.93 cm in the second season of Russian cultivar. The Selected cultivar exhibited the highest value of 
broad-sense heritability, 98.3% (Table 7). The heritability estimates showed narrow range in the genetic 
advance % for linear growth which was ranged between 12.17 % in Russian to 18.43 in Selected cultivar. 
Genotypic and phenotypic correlation coefficients in Table (8) exhibited highly positive significant values with 
plant height, in the first season vs. plant height and number of primary branches in Russian. Linear growth 
correlated with high significant and positive  values with all traits  in Balady in both seasons except  total  
number  of  branches  in the first season .The same  results  was found for  the  Selected cultivars as shown in 
Table (8). 
 
 b- Plant  height (X2): 

 
Data presented in Tables  (4, 5 and 6) showed that the highest mean value 70.83 cm  in the Russian and  

the lowest value was  51.67 cm  in Balady in the first season. Moderate value was in the Selected (65.70 and 
69.50) in both seasons, respectively. Broad-sense heritability exhibited high values for all three varieties (Table 
7). Genetic advance % ranged between 8.01 and 21.11% for Balady and Selected respectively and Russian had 
the moderate value. Phenotypic and genotypic correlation coefficients showed highly positive significant values 
between most characters in the three cultivars (Table 8).  
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 c- Number of primary branches and total number of branches (X3 &X4): 

 
These two studied attributes exhibited high values of heritability %. Genetic advance % ranged between 

2.35 % (Balady) in the first season and 3.77 % (Selected) in the second season in the number of primary 
branches with the same  value  in  Russian  in the  second  season also. Russian gave highly positive significance 
phenotypic correlation coefficient between number of primary branches and total number of branches in both 
seasons. The same values were found in Balady and Selected cultivars as shown in Tables (8).   
 
Table 2: Mean squares of five quantitative studied characters of coriander cultivars in two seasons (2008/09 and 2009/10). 

 
seasons 

 
S.O.V 

 
df 

Linear  
growth 

Plant height No. of primary 
branches 

Total  no. of 
branches 

Fruit yield 

First season Cultivars 2 797.85 ** 674.04 ** 11.22 ** 30038.75 ** 817.93 ** 
Genotypes 9 52.08 ** 66.75 ** 2.68 ** 56.77 ** 404.70 ** 
Replicates 2 27.32 21.23 0.84 5.45 24.75 
Error 76 11.61 15.25 0.61 13.30 95.22 

 Second 
season 

Cultivars 2 840.96 ** 516.94 ** 8.98 ** 526.96 ** 756.48 ** 
Genotypes 9 66.17 ** 52.06 ** 3.36 ** 63.97 ** 396.11 ** 
Replicates 2 18.93 48.08 * 0.77 71.02 ** 38.15 
Error 76 15.17 11.06 0.78 13.28 92.81 

 
Table 3: Mean squares of five quantitative studied characters of three coriander cultivars in two seasons (2008/09 and 2009/10).  

V
ar

iti
es

 

S.O.V D.F 
Linear growth Plant height No. of primary 

branches 
Total No. of 
branches Fruit yield 

I II I II I II I II I II 

R
us

si
an

  
Genotypes 
Replicates 
Error 

 
9 
2 
18 

** 
132.16 
26.23 
4.085 

** 
163.02 
16.53 
4.311 

** 
160.06 
18.03 
4.293 

** 
129.57 
38.63 
6.071 

** 
9.467 
0.533 
0.311 

** 
12.01 
0.700 
0.293 

** 
311.99 
2.53 
8.830 

** 
299.76 
110.80 
20.21 

** 
1353.37 
5.73 
7.178 

** 
1446.06 
10.23 
4.27 

B
al

ad
y  

Genotypes 
Replicates 
Error 

 
9 
2 
18 

** 
144.39 
3.70 
3.38 

** 
160.61 
11.20 
5.607 

** 
106.30 
8.13 
3.319 

** 
59.78 
38.23 
2.159 

** 
5.59 
0.700 
0.256 

** 
6.459 
0.133 
0.282 

** 
91.05 
3.733 
8.696 

** 
161.48 
3.33 
7.037 

** 
782.02 
13.23 
2.196 

** 
759.06 
49.43 
1.656 

Se
le

ct
ed

  
Genotypes 
Replicates 
Error 

 
9 
2 
18 

** 
192.21 
24.70 
5.55 

** 
271.89 
10.13 
4.652 

** 
334.18 
16.30 
2.782 

** 
279.20 
19.30 
3.337 

** 
9.04 
0.433 
0.396 

** 
11.78 
0.700 
0.256 

** 
107.89 
4.63 
16.930 

** 
114.46 
27.90 
12.83 

** 
1506.87 
30.53 
6.719 

** 
1359.87 
16.63 
4.411 

 
Table 4: Mean values of five quantitative studied characters of Russian coriander cultivar in the two seasons (2008/09 and 2009/10). 

Code No. Linear growth Plant height No. of primary 
branches 

Total No. of 
branches Fruit yield 

I II I II I II I II I II 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

100.33 
97.33 
92.00 
105.00 
93.67 
87.33 
81.33 
92.00 
90.00 
92.33 

105.67 
100.33 
95.00 
112.67 
101.00 
94.33 
86.67 
97.33 
92.00 
94.33 

70.33 
71.67 
58.33 
77.67 
73.33 
57.00 
57.33 
61.33 
66.00 
67.67 

75.00 
71.00 
66.33 
83.33 
79.33 
68.00 
61.33 
67.67 
68.33 
68.00 

8.67 
10.33 
10.67 
10.33 
13.67 
10.67 
8.67 
11.33 
13.67 
9.33 

12.67 
11.33 
8.67 
11.33 
14.67 
10.33 
8.67 
11.67 
13.33 
9.33 

41.67 
41.67 
41.67 
62.67 
63.67 
54.67 
42.33 
62.67 
63.67 
48.00 

48.33 
52.33 
42.33 
56.00 
76.33 
51.33 
40.33 
56.00 
55.67 
47.33 

44.00 
68.00 
48.33 
59.67 
110.00 
82.67 
39.67 
52.67 
76.33 
57.33 

52.67 
75.33 
55.00 
65.00 
122.33 
84.33 
46.33 
62.33 
82.67 
63.33 

Mean 
L.S.D 0.05 

93.13 
3.47 

97.93 
3.56 

66.07 
3.55 

70.83 
4.22 

10.73 
0.96 

11.20 
0.93 

52.27 
5.10 

52.60 
7.71 

63.87 
4.60 

70.93 
3.54 

 
Table 5: Mean values of five quantitative studied characters of Balady coriander cultivar in the two seasons (2008/09 and 2009/10). 

Code No. Linear growth Plant height No. of primary 
branches 

Total No. of 
branches Fruit yield 

I II I II I II I II I II 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

74.67 
81.33 
82.00 
80.67 
81.33 
69.00 
62.67 
81.33 
84.67 
80.33 

72.00 
85.67 
84.33 
78.33 
83.00 
72.67 
70.67 
86.33 
93.33 
81.67 

51.00 
53.33 
52.67 
50.33 
54.67 
47.33 
37.33 
58.00 
55.00 
57.00 

52.67 
59.33 
58.33 
56.67 
61.67 
53.00 
51.33 
64.00 
63.33 
57.33 

8.67 
10.67 
8.67 
7.67 
7.33 
7.33 
7.67 
10.33 
10.67 
8.00 

8.67 
11.33 
9.00 
8.33 
8.67 
8.00 
8.67 
11.67 
11.67 
8.67 

30.67 
41.00 
34.00 
30.67 
30.33 
32.67 
31.67 
41.67 
45.00 
31.00 

34.33 
47.67 
36.00 
32.67 
34.33 
31.00 
34.33 
49.33 
49.33 
34.33 

41.33 
66.33 
47.00 
34.00 
52.00 
31.67 
35.67 
66.67 
79.67 
44.00 

45.67 
72.67 
51.67 
42.00 
57.33 
37.00 
42.67 
72.67 
85.00 
51.67 

Mean 
L.S.D 0.05 

77.80 
3.38 

80.80 
4.06 

51.67 
3.12 

57.77 
2.52 

8.70 
0.87 

9.47 
0.91 

34.67 
5.06 

38.33 
4.55 

49.83 
2.54 

55.83 
2.21 
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Table 6: Mean values of five quantitative studied characters of selected cultivar of coriander in the two seasons (2008/09 and 2009/10). 

Code No. Linear growth Plant height No. of primary 
branches 

Total No. of 
branches Fruit yield 

I II I II I II I II I II 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

95.67 
100.67 
82.67 
86.33 
84.33 
95.00 
99.00 
100.67 
104.33 
85.33 

102.00 
107.67 
90.67 
82.33 
87.67 
96.67 
91.33 
107.67 
101.67 
82.67 

73.67 
83.00 
53.00 
58.33 
57.33 
61.33 
74.33 
73.67 
70.00 
52.33 

76.67 
86.33 
67.33 
56.33 
60.00 
67.00 
72.67 
78.33 
72.33 
58.00 

13.33 
11.67 
11.00 
7.67 
9.33 
10.67 
10.00 
11.00 
10.00 
7.67 

12.67 
12.67 
13.33 
8.33 
10.33 
12.67 
10.33 
12.33 
9.33 
8.00 

45.00 
49.00 
51.33 
35.00 
48.00 
50.67 
50.00 
51.00 
44.00 
36.33 

44.33 
50.00 
60.00 
39.33 
49.33 
48.33 
50.33 
51.67 
45.67 
39.00 

49.00 
82.67 
101.00 
37.67 
53.00 
82.33 
57.67 
84.67 
82.00 
37.33 

52.33 
87.33 
107.00 
46.33 
58.00 
84.67 
62.67 
85.00 
82.67 
42.67 

Mean 
L.S.D 0.05 

93.40 
4.04 

95.03 
3.70 

65.70 
2.86 

69.50 
3.13 

10.23 
1.08 

11.00 
0.87 

46.03 
7.06 

47.80 
6.14 

66.73 
4.45 

70.87 
3.60 

 
Table 7: Broad-sense heritability (h2

b) and genetic advance (GA%) estimates of mean in yield and its attributes in two seasons (2008/09 and 
2009/10). 

Characters 
h2

b GA% 

Russian Balady Selected Russian Balady Selected 
I II I II I II I II I II I II 

Linear growth 96.9 97.4 97.3 96.5 79.1 98.3 12.17 13.76 12.93 13.20 14.80 18.43 
Plant height 97.3 95.3 96.9 96.4 99.2 98.8 13.62 11.28 10.90 8.01 21.11 19.04 
No. of primary 
branches 96.7 97.6 95.4 95.6 95.6 97.8 3.56 3.77 2.35 2.55 3.02 3.77 

Total No. of 
branches 97.2 93.3 90.5 95.6 84.3 88.8 18.90 15.57 7.37 12.76 5.01 7.45 

Fruit yield 99.5 99.7 99.7 99.8 99.6 99.7 42.95 44.76 32.93 32.52 45.45 43.36 
 

d- Fruit yield (g/ plant) (X5): 
 
The mean values were (63.87 g & 70.93 g) in Russian, (49.83g & 55.83 g) in Balady and (66.73 g &70.87 

g) in Selected cultivars., respectively. These results exhibited the relative importance of Selected cultivar as 
general means in both seasons. Heritability estimates were high in all varieties. Highest genetic advance % was 
noticed in Selected, followed by Russian and Balady, respectively. Phenotypic and genotypic correlation 
coefficient of fruit yield gave positive highly significant with number of primary branches and total number of 
branches in Russian in both seasons (Table 8). Balady showed highly positive significance of phenotypic and 
genotypic correlation coefficients in the most studied traits. Selected showed highly positive significance of 
phenotypic correlation coefficient for all traits. The phenotypic characterization data of ten genotypes within the 
three corianders cultivars indicated significant variation in five studied characters. It is also suggested that for 
improving seed yield in coriander, more emphasis should be given to plant height, primary branches/plant, total 
branches/plant and fruit yield. These results are, also in harmony with those of (Gupta et al., 1995; Tripathi et 
al., 2000; Singh and Sastry 2009; Mengesha et al., 2011; Singh and Singh 2013). 
 
RAPD-PCR fingerprinting: 

 
Five primers RAPD-PCR were used to identify the studied cultivars of coriander as shown in (Fig. 1 and 

Table 9). A total number of 33 scorable amplified DNA fragments ranging from 180 to 3000 bp were observed 
using the five primers of RAPD-PCR, whereas 10 fragments were polymorphic and the other 23 amplified were 
monomorphic. The five primers showed mean polymorphic percentage of 30.30%. The highest number of 
polymorphic loci was 5 obtained with primer-1 (55.56%) and the lowest was 1 with each primer-2 and primer-3 
(20%). Specific markers for coriander induced using RAPD-PCR analysis are mentioned in Table (8). Among 
the 10 polymorphic bands, five bands were unique markers with a total average of 15.15%. The largest number 
of RAPD-PCR specific markers scored in Balady (three markers), followed by Selected and Russian which were 
equal in specific marker number (one marker). In the same time, primer-1 gave the highest number for 
molecular markers (two), followed by primers 2, 3 and 5 (one). In addition, the primer-4 has not scored any 
specific bands (Table 9). Genetic variability is a prerequisite for selection program of germplasm; it is essential 
to detect and present the level of genetic variation present within and between plant populations.  
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Table 8: Genotypic (above diagonal), phenotypic (below diagonal) correlation coefficients, among all traits studied of three coriander  
                cultivars in the two seasons (2008/09 and 2009/10). 

Characters Linear growth  
X1 

Plant height  
X2 

No. of primary 
branches 
X3 

Total No. of 
branches 
X4 

Fruit yield 
X5 

1- Russian variety              First season (2008/2009) 
X1 
X2 
X3 
X4 
X5 

-- 
0.84** 
-0.05 
0.13 
0.01 

0.84** 
-- 
0.16 
0.28 
0.31* 

-0.03 
0.17 
-- 
0.76** 
0.79** 

0.13 
0.28 
0.75** 
-- 
0.59** 

0.02 
0.31 
0.78** 
0.59 
-- 

Second season (2009/2010) 
X1 
X2 
X3 
X4 
X5 

-- 
0.93** 
0.45** 
0.42* 
0.12 

0.92** 
-- 
0.65** 
0.71** 
0.45* 

0.43 
0.62 
-- 
0.86** 
0.71** 

0.39 
0.66* 
0.85** 
-- 
0.93** 

0.12 
0.44 
0.70* 
0.90** 
-- 

2- Balady variety               First season (2008/2009) 
X1 
X2 
X3 
X4 
X5 

-- 
0.90** 
0.54** 
0.48* 
0.66** 

0.90** 
-- 
0.50** 
0.43* 
0.60** 

0.52 
0.47 
-- 
0.96** 
0.91** 

0.45 
0.39 
0.93** 
-- 
0.95** 

0.65* 
0.60 
0.89** 
0.90** 
-- 

Second season (2009/2010) 
X1 
X2 
X3 
X4 
X5 

-- 
0.95** 
0.80** 
0.80** 
0.91** 

0.93** 
-- 
0.78** 
0.78** 
0.86** 

0.77** 
0.73* 
-- 
0.99** 
0.96** 

0.77** 
0.73* 
0.99** 
-- 
0.96** 

0.89** 
0.85** 
0.95** 
0.95** 
-- 

3- Selected variety              First season (2008/2009) 
X1 
X2 
X3 
X4 
X5 

-- 
0.88** 
0.47** 
0.33* 
0.34* 

0.87** 
-- 
0.63** 
0.40* 
0.23 

0.47 
0.62 
-- 
0.66** 
0.51** 

0.33 
0.38 
0.66* 
-- 
0.82** 

0.34 
0.23 
0.50 
0.76* 
-- 

Second season (2009/2010) 
X1 
X2 
X3 
X4 
X5 

-- 
0.93** 
0.65** 
0.37* 
0.54** 

0.93** 
-- 
0.66** 
0.43* 
0.51** 

0.64* 
0.65* 
-- 
0.76** 
0.71** 

0.34 
0.41 
0.75* 
-- 
0.88** 

0.54 
0.50 
0.70* 
0.84** 
-- 

*= significant at P ≤ 0.05              **= significant at P ≤ 0.01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: RAPD-PCR analysis of three cultivars from coriander with five arbitrary primers.  Lane M = 100 bp  
            DNA ladder, lane 1= Selected, lane 2= Balady, 3= Russian 
 
 
 
 
 

M   Primer-1   Primer-2   Primer-3      Primer-4     Primer-5      
     1    2     3      1   2    3   1     2    3      1     2    3     1      2    3 
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Table 9: RAPD-PCR amplified bands, polymorphic bands and unique markers for three coriander cultivars using five primers. 

Primer name Polymorphism No. of markers and 
their molecular  size 
(pb) 

Coriander  cultivars 

Selected Balady Russian Total P % 

1 9 5 2 1100 
810 - + 

+ - 

55.56% 22.22% 0 2 0 

2 5 1 1 180 - + - 
20% 20% 0 1 0 

3 4 1 1 500 - - + 
25% 25% 0 0 1 

4 4 0 0 - - - - 
0% 0% 0 0 0 

5 11 3 1 2100 + - - 
27.27% 9.09% 1 0 0 

Total 33 10 5 1 3 1 Polymorphism =           30.30% 15.15% 
* P = Number of polymorphic bands with polymorphic percentages. 
** Total = Total number of amplified fragments. 
+ = presence of marker band   - =absence of band. 
 
Genetic similarity matrix and cluster analysis: 

 
The dendrogram was constructed by cluster analysis, based on the genetic similarity matrices produced on 

the basis of different coefficients. Similarity coefficients for all the three cultivars ranged from 0.72 to 0.83. The 
smallest value of 0.72 was observed between Selected and Balady cultivars and the maximum value of 0.83 was 
observed between Selected and Russian. Thus a dendrogram based on UPGMA analysis of the genetic similarity 
matrix was constructed with a view to determining the extent of distinct cluster from three cultivars. All the 
three cultivars were clustered into two major groups. Group-A consisted of one cultivar Balady, whereas Group-
B composed of Selected and Russian (Fig. 2). The clustering data are presented in Table (10). In general 
cultivars with similarity were grouped together. RAPD technique is a well proven tool which is commonly 
employed in genetic studies. It is a convenient method to detect total genetic variation within and among 
populations. DNA marker assisted fingerprinting can differentiate species rapidly employing a small quantity of 
DNA and therefore can help to derive reliable findings on their phylogenetic relativity. DNA markers are not 
influenced by environmental impacts and are useful in describing the levels of genetic variability among plant 
populations to discriminate the duplicated accessions within a specific collection of germplasms (Williams et al., 
1993; Cheng et al., 2002). The RAPD process has been effectively used in several taxonomic and genetic 
diversity studies (Ranade et al., 2008; Pareek et al., 2011; Grover et al., 2011). The ease of employing this 
technique has facilitated its use in the analysis of genetic relationship in several instances (Malviya and Yadav 
2010; Grover et al., 2011).The major concern regarding RAPD generated phylogeny includes homology of 
bands showing the identical rate of migration, causes of variation in fragment mobility and origin of sequence in 
the genome. Despite these limitations, RAPD marker has distinct advantage in its ability to scan across all 
regions of the genome, hence highly appropriate for phylogenetic studies at species level (Nair et al., 1999). In 
the current investigation, the marker technology was employed to detect genetic variation within C. sativum 
varieties. Singh et al., (2012) reported that the measures of relative genetic distances among populations did not 
completely correlate the geographical distances of places of their origins. Also, low correlation between 
geographic distribution and genetic distances measured by DNA markers. Lopez et al., (2008) assessed the 
phenotypic, biochemical and molecular diversity in C. sativum germplasm. They reported that weak correlation 
between phenotypic and biochemical matrices and between biochemical and amplified fragment length 
polymorphism (AFLP) matrices. Further, they attributed this is due to phenotypic plasticity and wide spread 
trade of coriander seeds as a spice, which might have resulted in poorly differentiated molecular variation, even 
when phenotypic and biochemical differentiation is easily documented.  
 
Table 10: Jaccard’s similarity coefficient among three different cultivars of C. sativum. 

cultivars Selected Balady Russian 
Selected 1.00   
Balady 0.72 1.00  
Russian 0.83 0.81 1.00 
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Fig. 2: Dendrogram of three cultivars from coriander based on RAPD-PCR analysis by UPGMA algorithm  
             using Jaccard's similarity coefficient. 
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