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ABSTRACT 
 
 In this study, genetic diversity of 30 accessions of the Fennel from different cities of Iran and other Asian 
and European countries were assessed by using 20 selective AFLP primers. From a total of 1127 observed 
bands, 250 were polymorph. E11-M20 primer with 20 bands, also E46-M35 and ETG-M20 primers with 8 
bands have indicated the maximum and minimum numbers of polymorphism, respectively. Grouping of 
genotypes has been done by NTSYS software, version 2.02e, by using the methods of UPGMA and Furthest 
neighbor (with Jaccard, Dice and SM coefficients). Calculation and comparison of Cophenetic correlation 
coefficient didn’t show a significant difference for the mentioned coefficients. Overall the method of UPGMA 
based on Jaccard coefficient has been recorded as the best method, due to genetic information and geographic 
analysis. Justification of the results was done based on the dendrogram produced from Jaccard coefficient. 
According to these markers, the similarity among the genotypes was 60%. The most genetic similarity was 97% 
found between two genotypes from Hungary and also in Iranian genotypes a similarity of 89% which was found 
between Karaj and Kashan genotypes. One genotype from Tabriz with a genetic diversity of 60% has shown the 
most amount of diversity in comparison with other genotypes. The results of cluster analysis, to some extent 
showed a relationship between molecular diversity and geographic diversity, in a way that the genotypes 
gathered from regions close to one another were in some cases placed in the same groups or subgroups. On the 
other hand some of the genotypes placed in the same subgroups, were from different geographic regions, which 
could also be a reason for similarity of regional conditions or physical interchange of plants in these regions. 
The results of this study showed that AFLP markers are suitable for assessing genetic diversity of Fennel 
accessions. 
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Introduction 
 
 The Fennel (Foeniculum vulgare Mill.), is one 
of the oldest medicinal plants used by mankind. The 
people of Greece and Ancient Rome were aware of 
its medicinal benefits and used it for the treatment of 
some illnesses. The Fennel is one of the important 
medicinal plants in industry of most developed 
countries. This plant plays an important role in 
agriculture and pharmaceutical industries in Iran. The 
Fennel is from the Apiaceae family, an erected and 
permanent plant, native of the Mediterranean which 
is cultivated in most parts of Iran and has become 
adapted. The Fennel has valuable secondary 
metabolites which are utilized in pharmaceutical, 
health and food industries. It also has about 10% of 
oil, sugar, Mucilage, and about 4% essence. Its oil is 

made up of 4% Palmitic acid, 22% Oleic acid, 14% 
Linoleic  acid, 60% Petroselinic acid and also 
minerals such as Phosphorus, Potassium, 
Magnesium, Manganese, sugar, Mucilage, resin, Oil 
compounds, vitamins A, B and C, lime and Carbon 
hydrate. The essence or volatile oil of the Fennel is a 
yellow liquid which is made by distillation of its fruit 
by steam, the most important components of which 
are Anethole, Fenchone, Esteragole, alkalis [24]. 
 The fennel has two specific and important 
varieties which belong to Capillaceum subspecies. 
The Vulgare variety (Bitter fennel oil) which is 
cultivated mainly in Russia, Hungary, Germany, 
France, Italy, India, Japan, Argentina and America 
and the variety Dulce (Sweet fennel oil) which is 
cultivated in France, Italy and Southern Europe [4]. 
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 Bitter Fennel is considered indigenous to 
Mediterranean regions and grows wildly in France, 
Spain, Portugal and Northern Africa. In Iran, this 
specie has been collected from northern parts 
(Gorgan, Haraz Valley), Azarbayjan (Tabriz), 
Kurdistan, Kerman (Deh bekri) and Khorasan [15]. 
 The Fennel has been officially identified as a 
medicinal plant used in traditional medicine and also 
as an effective medicinal plant in the worlds valid 
pharmacopeia [23]. As a result of having Anethole, 
the fruit and essence of the Fennel induce the 
reduction or suspension of spasms in the digestive 
system and intensify the transpiration of the digestive 
latex and as a result, increase the quality of digestion. 
All of these actions result in the elimination of 
indigestion and consequently some insomnia caused 
by physical disorders of the digestive system can be 
treated [9, 24]. 
 This plant has numerous uses including 
reduction of spasms in the digestive system, 
rectifying stomachache, reducing asthma and 
coughing, helping digestion and eliminating 
indigestion. Also by relieving the pain in the joints, it 
plays a role in treating some illnesses. The aqueous 
extract taken from the Fennel leaves can significantly 
decrease arterial blood pressure without affecting the 
heart beat or rate of respiration [1].  
 The potential production and the longtime 
consistency of production in the agroecosystems 
depend on the preservation and invigoration of 
different types of biological diversity existing in 
these systems. Modern agricultural systems have 
endangered the desired function and long-time 
stability of agroecosystems through the expansion of 
monoculture systems and a tendency towards the 
extensive use of highly productive varieties and 
minimum genetic diversity [6,13]. Therefore, these 
varieties lose their ability to adapt to environmental 
changes condition and ecosystem stability [12,17]. 
 The role of native and semi-domesticated plants 
in creating diversity within the traditional 
agricultural systems is very important and due to 
having medicinal and industrial uses, many of these 
species have been considered as new plants [7]. 
 Since long ago cultivation of medicinal and 
aromatic plants has had a special place in the 
conventional agricultural systems in Iran, and from 
the aspect of creating diversity and stability, these 
systems have had a significant role. Unfortunately in 
the last few years, due to the replacement of the 
improved varieties of crops with a high yield and 
economical value, many of these species and 
indigenous and local varieties have been forgotten 
and removed from Iranian cultivation systems. 
Therefore, examining the condition of producing 
medicinal and aromatic plants and the role of these 
plants in creating diversity within agronomic systems 
is very important [8]. 

 By studying the ecological role of diversity in 
agronomical systems, it can be declared that the 
importance of this diversity is more than producing 
food materials and has positive effects such as 
circulation of food materials, controlling pests, 
diseases and forage. Losing biological diversity is a 
problem which is a big threat for the survival of these 
systems and ultimately for the safety of the world’s 
food supply [21]. 
 Acquiring information about genetic differences 
between individuals or populations and awareness of 
the family relations of the species under study in the 
breeding programs, makes organizing germplasms 
and effective sampling of the genotypes available.  
 The first step in breeding plant qualities is to 
know the genetic qualities of the germplasm samples, 
which itself makes the systematic sampling of 
germplasm for breeding and conservation goals 
possible. For exploitation of genetic samples with the 
maximum efficiency, recognition of the preserved 
genetic material is important. Evaluation of the 
samples can be done based on the purpose of using 
germplasm which agronomic, pathologic, 
cytological, biochemical and molecular aspects are 
amongst these goals. In regard to this evaluation 
positive and negative points of the accumulation and 
genotypes and the potential within them will be 
recognized. In other words in these evaluations the 
extent of the genetic base of each trait will be 
determined [10]. 
 Using AFLP marker for studying diversity in the 
germplasm of the Fennel in Iran is a powerful 
method for contradicting the diversity rate in this 
plant. Since this marker has great potency and 
accuracy in segregating peculiarity, it can be used for 
studying diversity in various plants such as rice [11], 
tea [14], almond [19], barley [16]. AFLP have 
significant advantage over other procedures because 
variability can be assessed at a large number of 
independent loci and data are obtained more quickly 
and are reproducible [3]. 
 In this study, genetic diversity and structure of 
the Fennel populations from different cities of Iran 
and several accessions from other countries were 
evaluated by using AFLP molecular markers. 
 
Materials and Methods 
 
 Plant materials: For this study, various seeds 
from cities of Iran with several automotive Fennel 
seeds from the heights of Alborz Mountains and also 
several seeds from Asian and European countries 
were chosen for cultivation and evaluation of genetic 
diversity. Review and selection of samples were 
done in a way to have a good dispersion of the most 
probable cultivars which have shown diversity 
(Table 1). 
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Table 1: Fennel seed samples collected from different areas. 
Fennel accessions Longitude ° E/ Latitude ° N Fennel accessions Longitude ° E/ Latitude ° N 
1-Hamedan 48.34/36.46 16-Shiraz 52.35/29.39 
2-Karaj 50.57/35.48 17-Tehran 51.4/35.7 
3-Ardebil 48.17/38.15 18-Varamin 51.39/35.19 
4-Kashan 51/33 19-Central Alborz ------- 
5-Yazd 54.4/32 20-Central Alborz ------- 
6-Kerman 57.1/30.3 21-Japan 138/36 
7-Bam 58/29 22-Switzerland 8/47 
8-Mashhad 59.37/36.19 23-Holland 5.45/52.30 
9-Damavand 52.4/35.43 24-Holland 5.45/52.30 
10-Gonabad 58/34 25-Germany 9/51 
11-Tabriz 46.26/38.06 26-Germany 9/51 
12-Esfahan 51/32 27-Turkey 35/39 
13-Natanz 51/33 28-Turkey 35/39 
14-Babol 52.42/36.33 29-Hungary 20/47 
15-Saveh 50.19/35/01 30-Hungary 20/47 

 
 
 For sterilizing the seeds by the Anzidei 
technique [2], the seeds were exposed to 7% 
hypochlorite for ten minutes, and then washed four 
times with distilled water. one month after planting 
the samples  in the greenhouse, fresh leaves were 
taken from each seedling and DNA extraction was 
directly performed. 
 
DNA extraction: 
 
 DNA extraction was done by the Dellaporta  
method with a few changes and more purification. 
0.1 g of powdered leaf with 900 ml of extraction 
buffer containing 4% SDS was placed in benmarie 
with a temperature of 65°C for 45 minutes. Then 300 
ml of 5M potassium acetate was added to each 
sample, and placed in ice for 25 minutes. The 
samples were centrifuged for 10 minutes at 12000 
rpm and 4°C. Then 750 ml of the supernatant which 
was placed in a separate tube was mixed with 
Isopropanol solution equivalent to its current value 
and was again centrifuged at 12000 rpm for 10 
minutes. Supernatant of each tube was extracted and 
the remained DNA was put in 37°C incubator for 30 
minutes and finally it was finished by adding 750 ml 
of distilled water. 
 For purifying the DNA, 750 ml of the extraction 
process was mixed with 750 ml Isoamyle chloroform 
(24:1) and after that samples were centrifuged at 
12000 rpm for 10 minutes. From its supernatant  
500ml of the solution was mixed with 50ml 3M 
sodium acetate (PH=5.2) and 1250ml of pure alcohol 
inside a new tube and after being centrifuged, 
1500ml of alcohol was added to the samples. By 
further centrifuge and alcohol withdrawal, DNA 
sediment was placed in 37°C incubator for 30 
minutes. Finally after a day at 4°C temperature it was 
dissolved by adding 100ml of distilled water. 
 Study of quality and quantity of the extracted 
DNA was done by the spectrophotometric and 
agarose gel electrophoresis methods. 

 AFLP procedures were done by using the Vos 
method (Vos et al, 1995) with a few changes based 
on an optimized method. The AFLP technique is 
based on the selective PCR amplification of 
restriction fragments from a total digest of genomic 
DNA. The technique involves three steps: (i) 
restriction of the DNA and ligation of 
oligonucleotide adapters, (ii) selective amplification 
of sets of restriction fragments, and (iii) gel analysis 
of the amplified fragments. 
 
AFLP procedures: 
 
 Genomic DNA (500 nanogram) was cut by 
using 5 units of each of the restriction enzymes 
EcoRI and Tru1I which were from Fermentase 
Company. The used adaptors and primers were 
prepared by BIONEER Company. 
 In the next stage two corresponding adaptors 
were connected to the end of the restricted fragments. 
The EcoRI adaptor was made from the combination 
of the two primers Ead-1 and Ead-2 and Tru1I 
adaptor was made from a combination of the two 
primers Mad-1 and Mad-2 (table 2). Primer binding 
to the restricted fragments was done by T4 DNA 
Ligase enzyme of the Fermentase Company. 
 Then the resulting fragments were proliferated. 
This was done by M-000 and E-000 primers (Table 
2). 
 Selective amplification and fingerprinting of 
AFLP was done by 20 primer combinations from 5 
primers E-2, E-8, E-11, E-46 and E-TG and 4 
primers M-17, M-20, M-22 and M-35 (Table 2). In 
order to do this, 20 possible combinations were 
tested for which the results caused the selection and 
application of all primer combinations. The amplified 
DNA fragments were separated in vertical 
electrophoresis apparatus (TVS) on 6% Acryl amide 
gel for denotation. This stage was done by adding 
TBE1X buffer and potential difference of 1200 volts 
and a power of 65W for 90 minutes and for staining 
the silver nitrate method was used (13).
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Table 2: Adaptor and primer sequences. 
Adaptor & primer                               Sequence 
Ead-1                                                  5΄-CTC GTA GAC TGC GTA CC-3΄ 
Ead-2                                                  5΄-AAT TGG TAC GCA GTC TAC-3΄ 
Mad-1                                                 5΄-GAC GAT GAG TCC TGA G-3΄  
Mad-2                                                 5΄-TAC TCA GGA CTC AT-3΄  
E-000                                                  5΄-GAC TGC GTA CCA ATT C-3΄ 
M-000                                                 5΄-GAT GAG TCC TGA GTA A-3΄ 
E-46                                                    5΄-GAC TGC GTA CCA ATT CGT C-3΄ 
E-11                                                    5΄-GAC TGC GTA CCA ATT GAG G-3΄ 
E-8                                                      5΄-GAC TGC GTA CCA ATT CAC T-3΄ 
E-2                                                      5΄-GAC TGC GTA CCA ATT CAA C-3΄ 
E-TG                                                       5΄-GAC TGC GTA CCA ATT CTG-3΄  
M-35                                                   5΄-GAT GAG TCC TGA GTA AGA G-3΄ 
M-22                                                   5΄-GAT GAG TCC TGA GTA ACC C-3΄ 
M-20                                                   5΄-GAT GAG TCC TGA GTA ACA T-3΄ 
M-17                                                   5΄-GAT GAG TCC TGA GTA ACA A-3΄ 

 
AFLP data analysis: 
 
 Each of the amplified DNA fragments was 
considered as a trait and their presence and absence 
was shown with the numbers one and zero, 
respectively. After data entry in excel software, for 
computing the similarity matrix and cluster analysis, 
they were transferred to NTSYS-PC software by 
using the methods of UPGMA and Jaccard index. 
Justification of the obtained results was based on the 
produced dendogram from Jaccard correlation 
coefficient and the amount of similarity between 
samples was determined. 
 
Results: 
 

 Overall, the used primer combinations generated 
1127 readable bands in a region ranging from 100 to 
1000bp which among them 250 bands were 
polymorphic and Figure 1 shows typical examples of 
the amplified AFLP banding pattern E46-M35 
primer combination on acrylamide gel. The Average 
number of proliferating bands per each pair of primer 
combinations was 48.5% and average number of 
polymorphic bands per each primer combination was 
22.5%.  
 Based on molecular analysis in testing samples, 
for calculating genetic similarity, the method 
UPGMA based on Jaccard coefficient has been 
recorded as the best method, due to genetic 
information and geographic analysis. Therefore 
justification of results was done based on the 
produced dendrogram from Jaccard coefficient.

 
 

 
 
Fig. 1: Band patterns resulted from primer combination E46-M35, studied in 30 accessions of the Fennel from 

different regions, using AFLP marker. 
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 Based on results from different primers, the 
average genetic diversity of different samples was 
estimated 0.40 (Figure 2). The amount of 
polymorphism in this study was acceptable (22%) for 
evaluating genetic diversity and the difference 
between observed markers was between 16-39 

percent of all readable bands within different 
primers. The Difference between markers can be 
studied because of the origin and characteristics of 
used genotypes and also difference between AFLP 
markers.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: grouping of different Fennel accessions using 20 primer combinations used in this study, Jaccard index 

and UPGMA method. 
 
 The most amount of observed marker was in 
E11-M20 primer with a total of 20 polymorph bands 
and E2-M17 and ETG-M35 primers with 19 
polymorph bands and the least amount was related to 
E46-M35, ETG-M22 and E8-M22 primers with 8, 8 
and 9 polymorph bands, respectively. 
 
Discussion: 
 
 The high numbers of polymorphic bands suggest 
that AFLPs are highly discriminatory and powerful 
markers for classification. Furthermore, the high 
polymorphism produced make AFLP markers a 
powerful tool for genotyping a large number of 
accessions and suitable for the evaluation of genetic 
diversity in large medicinal plants gene banks. 
 Eventually according to the final dendrogram, 
which was made based on all 20 primers, the most 
similarity between groups was 0.97 which belonged 
to a subgroup from group one, containing samples 29 
and 30 from Hungary and the least similarity in the 
groups also belonged to group one and was 0.71. 
 In this grouping, samples number 5, 10 and 11 
from cities Yazd, Gonabad and Tabriz, respectively, 
were each placed in a different group. Samples 2 and 
4 of Karaj and Kashan (figure 3) with a similarity of 

0.88, samples 23 and 24 from Holland with a 
similarity of 0.90, samples 29 and 30 from Hungary 
with a similarity of 0.97, samples 12 and 13 from 
Esfahan and Natanz (figure 3) with a similarity of 
0.87, samples 25 and 26 from Germany with a 
similarity of 0.93, samples 27 and 28 from Alborz 
Mountains with a similarity of 0.80 and samples 27 
and 28 from Turkey with a similarity of 0.90, were 
two by two paired up in the same groups. 
 In the meantime most Iranian samples were 
placed in the same group showing higher genetic 
similarity, which could be a result of similar 
conditions of the different geographic regions from 
which the seeds were gathered (figure 2). All 
samples from other countries were placed in similar 
groups with less diversity compared to Iranian 
samples, which shows more similarity in samples of 
each country (figure 2). On the other hand, samples 
from either of the countries show significant 
diversity compared to samples of other countries. 
This agrees with Tarkesh Esfahani et al. [20], who 
constructed that Within each cluster, varieties from 
the same geographical origins however tended to 
group together and the overall geographic proximity 
was rather high, as shown by the AFLP dendrogram. 
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Fig. 3: Geographical location of cities in Iran. A) Karaj, Save, Damavand and Varamin are located in Tehran 

province. B) Natans and Esfahan are Located in Esfahan province. C) Mashhad is located in Khorasan 
province. D) Babol is located in Mazandaran province. 

 
 
 Sample number 11of Tabriz, samples 27 and 28 
of Turkey and samples 19 and 20 from Alborz 
Mountains showed the highest genetic diversity with 
0.60, 0.61 and 0.64, respectively. Sample number 11 
from Tabriz has the most genetic diversity with the 
rest of the samples, with only a similarity of 0.60 
(figure 2). 
 Since the average number of each observed 
marker within each primer combination shows the 
suitability of each locus for assessing genetic 
diversity, therefore the used primers for studying this 
genetic diversity are recognized correctly.  
 The results from cluster analysis grouping, to 
some extent show the connection between molecular 
and geographic diversity so that samples gathered 
from one province or city are in some cases placed in 
the same groups or subgroups which shows the high 
genetic similarity in these samples. For example 
samples 12 and 13 of Natanz and Esfahan were 
placed in the same group. This result could be due to 
geographical proximity and similar environmental 
conditions (figure 3). On the other hand some 
samples that were placed in the same subgroups were 
also from different geographic areas which can be a 
result of the similarity of climate conditions or 
physical exchange of plant between these areas. For 
example the final group samples 1, 2, 3 and 4 from 
the cities of Hamadan, Karaj, Ardabil and Kashan 
were placed in subgroups close to one another. 
Moreover the placement of genotypes of different 

provinces in similar groups and subgroups or in other 
words the placement of samples from one city or 
province in different groups may also be a result of 
gene flow phenomenon. The small geographic 
distance between different populations has also in 
some cases resulted in the occurrence of more 
genetic similarity among some populations. As an 
example samples 19 and 20 of the Alborz Mountains 
of Karaj area and Tehran, respectively, have been 
placed in an independent group despite the genetic 
diversity with others which indicates the greater 
genetic similarity between these two samples. 
 In this study, there was a relatively good 
relationship between genetic diversity and the 
different geographical environments but sometimes 
the true genetic differences between the germplasm 
targeted for different environments are small. Several 
reasons might explain this observed absence of 
genetic differentiation. (i) Selection based on 
environment adoption has not been practiced long 
enough to differentiate the germplasm, (ii) gene 
conferring fitness to one environment are not unique 
to the environment and may confer fitness to several 
environments, and (iii) adaptation to environments is 
not based on an accretion of random genes but rather 
a limited set of specific genes [5].   
 Overall researches in the field of genetic 
diversity of the Fennel have been very limited. Zahed 
et al used RAPD molecular marker to study the 
germplasm genetic diversity of the Fennel 
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(Foeniculum vulgare mill) in 2009. This study was 
made by recording and assessment of many 
morphological traits on fifty different types of Fennel 
from Pakistan. DNA of the samples was extracted 
and studied using RAPD marker. From used primers, 
145 polymorph bands were seen, which about 66% 
of the polymorph primers, were appropriate 
indicators to assess genetic diversity in a few number 
of samples. Eventually only seven of the samples 
showed the expected favorable characteristics [25]. 
 
Conclusion: 
 
 The result of this study indicates that AFLP 
marker might be an appropriate tool for identifying 
the genetic diversity of different types of Fennel. In 
respect to germplasm management this is of great 
significance since genotypes from different gene 
pools differ in many important agro-ecological traits, 
including resistance to diseases and pests, growth 
habit, yield potential, and sensitivity to photoperiod, 
high temperatures and moisture stress [17]. 
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