
Abstract
The genetic diversity of 20 Iranian populations of
Bunium persicum has been evaluated with random
amplified polymorphic DNA (RAPD) and amplified
fragment length polymorphism (AFLP) markers. Fresh
leaves of seedlings from each population were used
for genomic DNA extraction. Analysis of banding pat-
terns of 15 RAPD primers and 17 AFLP primer combi-
nations, revealed 192 (86%) and 228 (75%) polymor-
phic bands, respectively. The range of similarity coeffi-
cients within populations were 0.4-0.82 for RAPD and
0.39-0.96 for AFLP markers. No association was
observed between similarity matrices of both the DNA
markers. Genetic distance patterns between B. per-
sicum populations, expressed by the RAPD and AFLP
cluster analyses were relatively different. The resulting
dendrograms based on AFLP and RAPD + AFLP mark-

ers were more similar when compared to that derived
from RAPD analysis. The AFLP generated dendro-
gram was supported with the highest bootstrap values.
The measures of relative genetic distances among
populations did not completely correlate with geo-
graphical distances of places of their origin. Several
populations of black cummin were represented as
independent groups in the clusters, showing a high
level of genetic diversity and unique genetic back-
ground. Knowledge of wide genetic diversity observed
in the B. persicum populations provides important infor-
mation for management of germplasm resources with
regard to future domestication and breeding programs.
Keywords: Bunium persicum; Genetic diversity; RAPD;
AFLP

INTRODUCTION

Bunium persicum (Boiss.) B. Fedtsch is an important

medicinal and spice plant belonging to the Apiaceae

family with a diploid chromosomal number of 2n = 14

(Sheidai et al., 1996). It is a small, grassy and perenni-

al plant, which produces white or pink compound

umbel of flowers on the terminal and lateral stems dur-

ing the third year of its life (Omidbeigi, 1997).

Essential oil from the ripe seeds of black cummin con-

tains p-mentha-1, 4-diene-7-al, gamma-terpinene,

beta-pinene and cuminaldehyde (Baser et al., 1997).

Several therapeutic effects including those on diges-

tive disorders, urinary tract disorders, diuretic, gynae-

cologic, anti-convulsion, anti-helmetic, anti-asthma

and dyspnea have been described for the seeds of B.
persicum (Boskabady and Moghaddas, 2004). This

plant is native to central and southern parts of Asia,

with a wide geographical distribution in Iran. At the

present time, seeds of this valuable medicinal spice

plant are extensively collected from natural habitats

(Khosravi, 2005). Due to increasing demands of the

food and pharmaceutical industries, domestication and

registration of high quality genotypes of B. persicum
are necessary.  Although, some attempts have been

started in recent years for domestication of this plant in

Iran (Khosravi, 2005), no effort has been made to ana-

lyze variability among different populations of this

plant. Information on genetic variation of the available

germplasm is fundamental to its domestication,

improvement and management. This could also pro-

vide information on the evolving process and distribu-
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tion of the germplasm in different isolated regions

(Heywood, 2002).

Today, DNA marker systems play an important role

in many aspects of plant breeding, ranging from the

evolutionary process and genetic relationship of plant

species to germplasm management. Random amplified

polymorphic DNA (RAPD) (Williams et al., 1990) and

amplified fragment length polymorphism (AFLP) (Vos

et al., 1995) are two DNA marker systems that can be

used for investigation of genetic diversity in plants.

These marker systems are very useful due to their

rapidity, efficiency, and non-requirement of sequence

information. Although both techniques are frequently

used, they can not distinguish homozygous loci from

heterozygous loci (Yonemoto et al., 2007). RAPD

markers have been extensively used to assess genetic

diversity in members of the Apiaceae family such as

Apium graveolens (Yang and Quiros, 1993), Daucus
carota (Briard et al., 2000) and Angelica gigas,

Angelica acutiloba, Angelica dahurica, Angelica
decursiva, Bupleurum falcatum and Peucedanum
japonicum (Lee and Rasmussen, 2000) revealing high

levels of genetic variability among evaluated geno-

types.

Genetic diversity has also been investigated by

AFLP markers on Daucus carota, Apium graveolens,

Cuminum cyminum from the Apiaceae family demon-

strating a considerable degree of genetic variation in

all populations (Kermani et al., 2006; Muminović et
al., 2004; Bradeen et al., 2002). Because of the impor-

tance of these two different marker systems (RAPD

and AFLP markers), some researches have applied

both markers for genetic diversity analyses. Assessment

of genetic differences and relatedness among Ficus
carica, Lupinus spp., Mentha arvensis and Mentha spi-
cata have been carried out using RAPD and AFLP

markers, revealing a high level of genetic diversity

among the genotypes (Shasany et al., 2005; Talhinhas

et al., 2003; Cabrita et al., 2001).

There is little study on the genetic diversity of B.

persicum using DNA markers. Majeed (2005) has

assessed the genetic diversity of B. persicum by

employing morphological and RAPD markers on pop-

ulations collected from Himachal Pradesh, Jammu and

Kashmir, revealing a high level of genetic variability

among the investigated populations. The present study

was undertaken to assess genetic diversity within some

B. persicum populations of Iran using RAPD and

AFLP markers, and to compare the results obtained

with the two DNA marker systems with respect to their

relative efficiencies of germplasm analyses.

MATERIALS AND METHODS

Plant material and DNA extraction: Seeds from 20

populations of B. persicum were collected from wild

habitats in different regions of Iran (Table 1). A few

seeds of each population were placed at 4ºC for the

purpose of cold treatment for a period of 11 weeks and

the resulting germinated seeds were transferred into

pots under greenhouse conditions. Fresh leaves were

collected from 7-10 seedlings and used for genomic

DNA extraction, according to Sharp et al. (1988).

Assay of DNA markers 

RAPD analysis: In order to select primers with a high

level of polymorphism, 38 RAPD primers (obtained

from TIB MOLBIOL, Germany) were analyzed for

polymorphism in 4 populations,. DNA of all popula-

tions was tested with 15 selected random primers

(Table 2). PCR was carried out in a 15 µl reaction vol-

ume containing 1 µl of genomic DNA (10 ng), 7.5 µl

of ready master mix (Taq DNA polymerase master mix

consisting of 1.5 mM MgCl2) (Aria Teb Gene, Iran), 1

µl of each individual primer and 5.5 µl of distilled

water. Amplification was performed in a Perkin-Elmer

9600 thermocycler (Applied Biosystem, Boston, MA,

USA) as follows: 94ºC/4 min for pre-heating, followed
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Population

number

Province

of origin

Collection site Latitude,

N

Longitude,

E

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Kerman

Kerman

Kerman

Khorasan

Kerman

Khorasan

Kerman

Kerman

Khorasan

Kerman

Kerman

Kerman

Kerman

Esfahan

Ghazvin

Semnan

Kerman

Kerman

Kerman

Kerman

Bidooeie

Khebr

Orzooeie

Mashhad

Margiry

Ghoochan

Koohbanan

Hank

Saride-Bajestan

Joopar

Sardooeie

Firoozabad

Bam

Saghafy

Alamoot

Semnan

Kooshk

Jiroft

Khomroot

Circh

28°95'N

28°80'N

28°45'N

36°40'N

30°55'N

37°15'N

31°20'N

-

34°45'N

30°10'N

29°25'N

28°10'N

29°10'N

33°50'N

36°45'N

35°55'N

28°90'N

28°60'N

36°15'N

30°25'N

56°60'E

56°38'E

56°40'E

59°60'E

57°70'E

58°50'E

56°20'E

-

58°05'E

57°04'E

56°25'E

53°15'E

58°33'E

55°02'E

50°80'E

53°38'E

56°65'E

57°75'E

51°45'E

57°50'E

Table 1. Information on B. persicum populations.



by 35 cycles of amplification (94ºC/1 min for denatur-

ing, 37ºC/1 min for annealing, 72ºC/2 min for exten-

sion) and a 10 min final extension at 72ºC. After

amplification, the PCR products were resolved by

electrophoresis on 1.5% (w/v) agarose gels (Cinagene

Company, Iran). Electrophoresis was carried out for

140 min at 70 V and DNA fragments were visualized

by ethidium bromide staining and photographed with a

UVP Bio Doc-ItTM system CCD camera (UVP Inc,

Upland, USA). RAPD analysis was repeated twice in

order to ensure the reliability of this marker.

AFLP (amplified fragment length polymorphism)

analysis: The AFLP analysis was performed as

described by Vos et al. (1995) with minor modifica-

tions. Genomic DNA (250 ng) was double digested

with two restriction enzymes EcoRI / MseI and the

resulting digested DNA was ligated to EcoRI (5 pmol)

and MseI (50 pmol) adapters. The ligated DNA was

pre-amplified using two primers without any selective

nucleotides. For the pre-amplification procedure, the

following cycle profile was used: 2 min at 72°C, 20

cycles: 30 sec at 94°C for denaturing, 1 min at 60°C

for annealing and 2 min at 72°C for extension.

Selective amplification was carried out in a reaction

mixture volume of 20 µl containing 50 ng of PCR

product from the pre-amplification step, 1x PCR

buffer, 200 µM of each dNTP, 1 Unit of Taq DNA

polymerase, 1.5 mM MgCl2 and 0.4 µM of each

primer with two or three selective nucleotides at the 3´
end of the primers. Seventeen primer combinations

were selected for the analysis of genetic variability

(Table 2). The PCR reactions were performed in the

abovementioned thermocycler. The following cycle

profile was used: 2 min at 94°C for pre-heating, 10

cycles: 30 sec at 94°C for denaturing, 30 sec at 63°C

(touchdown 1°C per cycle to 54°C) for annealing, 2

min at 72°C for extension and 23 cycles: 30 sec at

94°C for denaturing, 30 sec at 54°C for annealing, 2

min at 72°C for extension.

The amplified DNA products were separated on a

6% (w/v) denaturing polyacrylamide gel and detected

by using the silver staining method as described by

Bassam et al. (1991).

Data analysis: For subsequent statistical analysis, in

order to obtain a binary matrix, polymorphic bands

amplified by both RAPD and AFLP markers were

scored as present (1) or absent (0). The generated data

matrices were subjected to statistical analysis using the

NTSYS-pc analytical software (Applied Biostatistics,

Setauket, USA) (Rohlf, 1998). Genetic similarities for

RAPD, AFLP and      RAPD +AFLP data were calcu-

lated by using the Dice similarity index, according to

Nei and Li (1979). 

Dendrograms showing genetic relationships of the
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RAPD primer sequences RAPD primer sequences

TIBMBA-02

TIBMBA-03

TIBMBA-06

TIBMBA-09

TIBMBB-13

TIBMBB-15

TIBMBB-16

TIBMBB-17

5'TGCTCGGCTC3'

5'GTGCGAGAAC3'

5'GGACGACCGT3'

5'GGAACTCCAC3'

5'CTTCGGTGTG3'

5'AAGTGCCCTG3'

5'TCGGCACCGT3'

5'ACACCGTGCC3'

TIBMBC-03

TIBMBC-05

TIBMBC-06

TIBMBC-08

TIBMBC-10

TIBMBC-12

TIBMBC-16

5'GGCTTGACCT3'

5'GAGGCGATTG3'

5'GAAGGCGAGA3'

5'GGTCTTCCCT3'

5'AACGTCGAGG3'

5'CCTCCACCAG5'

5'CTGGTGCTCA3'

AFLP primer combinations and sequences

Ecs+GTC/Mcs+CAG

Ecs+ GTC/Mcs+TA

Ecs+TG/Mcs+CAG

Ecs+AGG/Mcs+AGA

Ecs+AGG/Mcs+CAG

Ecs+ AGG/Mcs+AG

Ecs+AGG/Mcs+TG

Ecs+AGG/Mcs+TC

Ecs+AGG/Mcs+GC

Ecs+TC/Mcs+GA

Ecs+TC/Mcs+GT

Ecs+ACT/Mcs+GAG

Ecs+GTC/Mcs+GAG

Ecs+TG/Mcs+GC

Ecs+TG/Mcs+GAG

Ecs+AGG/Mcs+CAT

Ecs+AGG/Mcs+GA

Table 2. List of RAPD primers and AFLP primer combinations used.



20 populations were constructed using the unweighted

pair-group method with arithmetic averages

(UPGMA). For each dendrogram the cophenetic coef-

ficients between the matrix of genetic similarities and

the matrix of cophenetic values were computed and the

significance of cophenetic correlation was tested by

using the Mantel matrix correspondence test (Mantel,

1967). The support values for the degree of confidence at

the nodes of the dendrogram were analyzed by bootstrap

re-sampling 1000 times using the Free Tree computer soft-

ware (available at http://www.natur.cuni.cz/~flegr/pro-

grams/freetree) (Hampl, et al., 2001).

RESULTS

Variation of DNA markers: A total of 221 bands with

an average of 12.8 polymorphic bands per primer were

amplified by RAPD analysis. Among these, 192 were

polymorphic (86%) across the 20 populations. The

highest and the lowest number of polymorphic bands

per assay were 20 and 8 bands, respectively. On the

other hand, 17 AFLP primer combinations generated a

total of 303 fragments, from which 228 fragments

(75%) were polymorphic. The number of polymorphic

bands per assay ranged from 5 to 40 bands with an

average of 13.4 (Table 3). Examples of RAPD and

AFLP banding patterns are shown in Figures 1 and 2.

Estimation of genetic similarity: A summary of the

genetic similarity estimates between pairs of popula-

tions, calculated for each marker system is shown in

Table 4. RAPD data shows a lower average similarity

as compared to AFLP markers. Estimates of genetic

similarities of RAPD markers based on the 192 poly-

morphic bands among 20 populations of B. persicum
ranged from 0.4 to 0.82 with an average of 0.64. The

estimation as revealed by the 228 polymorphic AFLP

bands showed an average value of 0.69 and genetic

similarities ranging from 0.39 to 0.96. Average, mini-

mum and maximum values of similarity coefficients

based on all RAPD +AFLP data were found to be 0.68,

0.50 and 0.85, respectively.
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Parameter RAPD AFLP

Number of assay units

Total bands scored

Polymorphic fragments scored

Percentage of polymorphism

Minimum polymorphism scored per assay

Maximum polymorphism scored per assay

Average polymorphism scored per assay

15

221

192

86

8

20

12.8

17

303

228

75

5

40

13.4

Table 3. Effectiveness of RAPD and AFLP markers in detecting

polymorphism of B. persicum populations.

Figure 1. RAPD banding pattern of different populations of B. per-
sicum obtained by using primer TIBMBB-17,  according to Table 1.

Figure 2. AFLP banding pattern of different populations of B. per-
sicum obtained by using the EGTC/MCAG primer,  according to

Table 1. 

Marker systems

RAPD AFLP RAPD+ AFLP

Average

Minimum

Maximum

0.64

0.40

0.82

0.69

0.39

0.96

0.68

0.50

0.85

Table 4. Average, minimum and maximum values of Dice similarity

coefficients (RAPD, AFLP and RAPD+ AFLP) among 20 populations

of B. persicum (190 pairwise comparisons).



Correlation between similarity matrices and

Cophenetic matrices: The correlation coefficients

were used to compare similarity matrices. Cophenetic

matrices were statistically significant for two marker

systems (Table 5). The cophenetic correlation coeffi-

cient between the dendrogram and the original dis-

tance matrix was highly significant for RAPD (0.96),

AFLP (0.96) and RAPD + AFLP (0.97) markers.
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a

b

c

Figure 3. a) Dendrogram of 20 populations of B. persicum derived from RAPD analysis. Numbers
on the branches are bootstrap values (%) obtained from 1000 replicate analyses. b) Dendrogram of
20 populations of B. persicum derived from AFLP analysis. umbers on the branches are bootstrap
values (%) obtained from 1000 replicate analyses. c) Dendrograms of 20 populations of B. persicum
obtained using RAPD + AFLP analyses. Numbers on the branches are bootstrap values (%)
obtained from 1000 replicate analyses.

**Significant at P < 0.001. acomparison of original similarity matrix obtained
from different marker systems. bgoodness of fit of a cluster analysis to the
similarity matrix on which it was based. ccophenetic value matrix comparison
(after UPGMA clustering procedure).

Marker systems 

RAPD AFLP RAPD+AFLP

RAPD

AFLP

RAPD+AFLP

0.96** b

0.24 a

0.15 a

0.23 c

0.96** b

0.30 a

0.10 c

0.21 c

0.91** b

Table 5. Correlation between similarity matrices, goodness of fit of

cluster analysis and cophenetic values of different markers.
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Cluster analyses: Three dendrograms were construct-

ed to express the results of cluster analyses based on

RAPD, AFLP, and RAPD+AFLP data (Figs. 3a, b, c).

The denderograms obtained with AFLP and

RAPD+AFLP markers were more similar when com-

pared to the denderogram derived from RAPD mark-

ers. The AFLP generated dendrogram was supported

with higher bootstrap values. In the RAPD derived

cluster, all populations were represented by 9 different

groups. According to this analysis, 8 populations from

the Kerman province along with 1 population from the

Semnan province and 3 populations from the

Khorasan province were classified in the same group.

Six other populations from the Kerman province and

population from Saghafy of the Esfahan province and

Alamoot from the Ghazvin province were represented

as individual branches in the cluster. In the AFLP clus-

ter, 4 main groups were obtained. Population collected

from Koohbanan was represented as an individual

group while 9 other populations from the Kerman

province together with all other populations from the

Semnan, Khorasan, Ghazvin and Esfahan provinces

were placed in the same group. Populations of Bam

and Kooshk from the Kerman province were repre-

sented by the same group in close relationship with

another group, which included populations of

Bidooeie and Khebr from the same province. Cluster

analysis of RAPD+AFLP data classified all 20 popula-

tions into 4 different groups. The  Koohbanan and Bam

populations were clustered as two individual groups.

In the third group, 9 populations from the Kerman

province demonstrated close relationships with 6 other

populations from the Semnan, Khorasan, Ghazvin and

Esfahan provinces. Populations of Kooshk, Bidooeie

and Khebr from the Kerman province were represent-

ed by the fourth group. 

DISCUSSION

DNA based markers provide precise information on

genetic diversity because of the independence of the

confounding effects of environmental factors (Powell

et al., 1995). RAPD markers are based on random

priming, which randomly screen various regions of

genomic DNA, while AFLP markers detect polymor-

phisms based on the restriction enzyme sites on DNA.

Hence, each system reveals different levels of poly-

morphism. In this study both the marker systems

revealed high levels of polymorphism among the pop-

ulations (86% for RAPD and 75% for AFLP), indicat-

ing the effectiveness of these DNA markers for evalu-

ation of genetic diversity in Black cummin. The esti-

mates of genetic similarity do not seem to be different

and the ranges overlap (for RAPD it goes from 0.4 to

0.82 and for AFLP it goes from 0.39 to 0.96). No asso-

ciation is observed between both the DNA markers for

similarity matrices. RAPD and AFLP are providing

information, which come from different parts of the

genome (Wachira et al., 2001). In this study, the genet-

ic distance patterns between B. persicum populations,

expressed by the RAPD and AFLP dendrograms, were

relatively different. For example in RAPD analysis,

Circh and Semnan were subgrouped together while,

AFLP detected higher genetic variation between these

two populations, which were divided into two separate

branches. The bootstrap support values for the degree

of confidence at the nodes of the dendrograms derived

from different marker systems were varied. In the

RAPD derived dendrogram, bootstrap values were

very low (<50%) while these values were relatively

high for the AFLP generated cluster with almost all

bootstrap values being more than 60%. This shows the

reliability and stability of the inferred association and

the robustness of AFLP markers. The bootstrap sup-

port values of the RAPD+AFLP derived cluster were

more than that of RAPD but less than that of the AFLP

ones.

The measures of relative genetic distances among

populations did not completely correlate with geo-

graphical distances of places of their origins. For

instance, some populations of Black cummin originat-

ing from the Kerman province, such as Koohbanan

and Bam are represented as independent groups in

contrast to their low geographical distance, thus show-

ing the unique genetic background of these popula-

tions. In Daucus carota populations as another plant of

Apiaceae family, Bradeen et al. (2002) also has report-

ed low correlation between geographic distribution

and genetic distances measured by AFLP markers. The

same results did not show any relation between the

geographical distribution and genetic distance of

Phaseolus vulgaris (Martins et al., 2006) and

Matricaria chamomilla (Solouki et al., 2008) lan-

draces.

In this study, RAPD and AFLP revealed a high
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level of genetic variation among the black cummin

populations. Genetic diversity of black cummin from

other countries has been studied previously.  Kapila et
al. (1997), Devi (2004) and Mittal et al. (2006) used

morphological traits to study genetic diversity of black

cummin populations. Majeed (2005) studied genetic

diversity of black cummin populations based on mor-

phological and RAPD markers. High levels of genetic

diversity among black cummin populations have been

reported in all of these investigations. Broad genetic

variability of black cummin plays an important role in

its adaptation to a wide range of climatic and geo-

graphical conditions in Iran. A high level of diversity

could be useful in selection of desirable traits in the

breeding program and domestication of black cummin.
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