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ABSTRACT 

 Inter Simple Sequence Repeat (ISSR) markers were used to assess the genetic diversity 

among 23 outcross and self pollinated populations of fennel collected from different 

geographical regions of Iran and some European countries. The experiment was carried 

out to determine the effect of self-pollination on morphological traits and genetic diversity 

in the next generation. Fifteen primers produced 248 polymorphic bands with an average 

of 16.53 fragments per primer in outcross populations, while 217 polymorphic fragments 

with an average of 14.46 fragments per primer were generated in self-pollinated 

populations. UPGMA dendrogram using Jaccard’s similarity coefficients placed outcross 

populations in five major groups. The maximum and minimum gene diversity over loci 

was observed in Albania (0.53) and Poland (0.42) populations, respectively. In general, 

European fennel populations revealed higher expected heterozygosity (0.47) in 

comparison with Iranian ones (0.35). Polymorphism Information Content (PIC) ranged 

from 0.37 to 0.49 in self-pollinated populations, while it varied from 0.39 to 0.46 in out-

cross ones. The classification based on morphological data did not confirm the molecular 

ones in most cases. Self-pollination led to decline in plant height in most of the studied 

populations. In overall, plant height of the European populations (54-66.02 cm) was less 

than that of Iranian ones (55-109.54 cm). Self-pollination elevated the yield of essential oil 

in studied fennels through its influence on fruit set. In conclusion, Albania population had 

the highest oil content affected by self-pollination; hence, it can be introduced as one of 

the valued sources in fennel breeding programs aimed for oil yield improvement. 
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INTRODUCTION 

 Fennel (Foeniculum vulgare Mill) is an 

annual herb belonging to family 

Umbelliferae (Apiaceae). Fennel is used in 

folk medicine for its balasimic, cardiotonic, 

digestive, lactogogue and tonic properties 

(Patra et al., 2002; Saleha, 2011; 

Saravanaperumal and Terza, 2012). Its 

essential oil has been used in cosmetics and 

pharmaceutical products. Fennel contains 

volatile oils, phenolic glycosides, 

flavonoids, phytosterols, triterpines and 

saponins (Ebeed et al., 2010) and is useful 

as an estrogenic, lactagouge, diuretic and 

immune booster. It has also bronchodilatory 

effects (Boskabady et al., 2004). 

 In recent years, the application of 

molecular markers for evaluation of the 

genetic variability has become an important 

tool in various plant species including 

Codonopsis lanceolata (Guo et al., 2006), 

Cunila (Agostini et al., 2008), Tribulus 

terrestris (Sarwat et al., 2008) and Achillea 

species (Rahimmalek et al., 2009a). Among 

molecular markers, Inter-Simple Sequence 

Repeats (ISSRs) markers have gained 

attention recently as an alternative means for 

characterizing complex genomes. ISSR 

amplification utilizes anchored SSR motifs 

as primers complement to genomic 
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microsatellites and target numerous, highly 

variable loci (Josh et al., 2000; Sedighi and 

Rahimmalek, 2015). As a consequence, 

ISSR markers can amplify more 

polymorphic fragments per primer than 

RAPDs in Oryza granulata (Qian et al., 

2001).  

 The production of self-pollinated plants 

can help fix some morphological as well as 

phytochemical properties of medicinal 

plants in next generations. Since the seed of 

Apiaceae plants have been considered as the 

most important part in respect to their 

medicinal properties, the study of pollination 

in this family can reveal phytochemical as 

well as anatomical variations in next 

generations (Chu and Liu, 2007). 

Assessment of pollination system and 

outcrossing has been reported in some 

Apiaceae plants such as Eryngium alpinum 

(Gaudeul et al., 2000), Trachymene incisa 

(Yvonne-Davila and Glenda-Wardle, 2007) 

and Heracleum mantegazzianum (Perglová 

et al., 2006). In fennel and many Apiaceae 

plants, geitonogamous mode has been 

reported. Selfing can be promoted by 

geitonogamous mode that highly depends on 

insects and wind pollination (Koul et al., 

1986). Previous reports evaluated flowering 

dynamics and cross ability of different 

populations of bitter fennel (Gross et al., 

2008). Moreover, there are some reports 

regarding the genetic diversity of fennel 

populations. Patel et al. (2008) studied 

genotypic and phenotypic variation of 

different fennel populations in Egypt. Lopes 

et al. (2009) evaluated nine Portuguese 

fennel accessions from wild populations for 

morphological and essential oil evaluation. 

Shukla et al. (2003) studied the coefficient 

of variability and genetic advance for seed 

yield and five major contributing traits in 30 

genotypes of fennel in Egypt. Zahid et al. 

(2009) assessed the genetic diversity of 

Pakistan fennel germplasm using 16 RAPD 

primers. Genetic diversity among Indian 

varieties of fennel was also evaluated using 

nuclear ribosomal DNA and RAPD markers 

(Singh et al., 2012). Bahmani et al. (2012) 

evaluated the genetic diversity of 25 Iranian 

populations based on 72 RAPD polymorphic 

bands. Torabi et al. (2012) assessed the 

genetic diversity of 30 Iranian fennel 

accessions using AFLP markers. The ISSR 

markers also showed high level of 

polymorphism in Apiaceae plants (El-Nasr 

et al., 2013; Tomar-Rukam et al., 2014). 

However, most of the previous studies 

assessed the genetic diversity of outcross 

fennel accessions, but the effect of selfing 

on genetic diversity of Iranian and some 

European fennels was not yet evaluated 

using molecular tools.  

 Therefore, the aims of this study were: (1) 

To determine the level and patterns of 

genetic variation among outcross and self-

pollinated fennel populations using ISSR 

markers and morphological characters, and 

(2) To evaluate the effect of self-pollination 

on morphological variation and genetic 

diversity in next generation.  

MATERIALS AND METHODS 

Plant Material 

 Nineteen fennel populations were 

collected from different geographical 

regions of Iran. Four other European 

populations were also included from Spain, 

England, Albania and Poland (Table 1). The 

seeds of the collected samples were sown in 

Randomized Complementary Block Design 

(RCBD) in three replicates. Ten plants from 

each population were selected for 

experiment. Each plant inflorescence was 

divided in two parts. The half (five umbels) 

was bagged and the remaining was 

permitted for out crossing. The seeds were 

harvested at full maturity stage when the 

seeds were completely dried. The self-

fertilized seeds were sown in a new RCBD 

design with three replicates. 

 The index of self pollination (%) was 

measured as the ratio of the number of self-

fertilized seeds to outcross fertilized ones. 

Inbreeding Depression (ID) for each trait 

was also evaluated using the following 

formula: 
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Table 1. Collection site and geographical characteristics of the fennel populations used in the 

current study. 

No. Accession 

name 

Collection site Altitude 

(m asl) 

Latitude Longitude 

1 Al1 Karaj, Alborz, Iran 1300 35° 48′ N 51° 00′  E 

2 Ya Yazd, Yazd, Iran 1230 31° 41′ N 53° 49′  E 

3 Is1 Isfahan, Isfahan, Iran 1570 32° 39′ N 51° 43′  E 

4 Ha1 Nahavand, Hamadan , Iran 1644 34° 52′ N 50° 10′  E 

5 Te1 Tehran, Tehran, Iran 1190 36° 52′ N 53° 10′  E 

6 Ha2 Hamedan, Hamedan, Iran 1900 34° 52′ N 48° 32′  E 

7 Is2 Kashan, Isfahan, Iran 982 51° 35′ N 33° 59′  E 

8 Ke1 Pave, Kermanshah, Iran 1530 46° 22′ N 35° 03′  E 

9 Az1 Tabriz, Azarbayjan Sharghi, Iran 1561 51° 17′ N 38° 04′  E 

10 Te2 Varamin, Tehran, Iran 918 51° 12′ N 34° 12′  E 

11 Ke2 Kerman, Kerman, Iran 800 59° 00′ N 30° 16′  E 

12 Fa Shiraz, Fars, Iran 1486 52° 33′ N 29° 36′ E 

13 Kh1 Shirvan, Khorasan Shomali, Iran 1160 56° 03′ N 36° 42′ E 

14 Kh2 Yasuj, Khozestan, Iran 1870 51° 35′ N 30° 39′ E 

15 Is3 Semirom, Isfahan, Iran 2500 51° 34′ N 31° 25′ E 

16 Bu Bushehr, Bushehr, Iran 5 50° 08′ N 27° 17′ E 

17 Az2 Ardebil, Azarbayjan Gharbi, Iran 1354 48° 55′ N 37° 45′ E 

18 Kh3 Gonabad, ,Khorasan Razavi Iran 1150 58° 45′ N 34° 15′ E 

19 Kh4 Mashhad, Khorasan Razavi, Iran 979 59° 34′ N 36° 16′ E 

20 Sp Madrid, Spain, Europe 654 40° 40′ N 3° 68′ W 

21 Al2 Tirana, Albani, Europe 316 41° 32′ N 19° 81′ E 

22 Po Wroclaw, Poland, Europe, 110 51° 11′ N 17° 03′ E 

23 En London, England, Europe 360 51° 30′ N 00° 10′ W 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ID (%)= [(Mop–Ms)/Mop]×100 

Where, Mop: Mean values of cross 

pollinated population, Ms: Mean value of 

self pollinated seeds. 

DNA Extraction and ISSR Analysis 

 Ten plants from each population were 

used for DNA extraction. DNA from young 

leaves of self and outcross pollinated 

samples were extracted using the modified 

CTAB method (Murray and Thompson, 

1980).Then, the extracted DNAs from each 

self and out-cross populations were mixed. 

DNA concentration and quality was 

measured using a spectrophotometer U-1800 

(Hitachi, Japan) and agarose gel 

electrophoresis. The DNA was diluted to a 

working concentration of 10 ng mL
-1

. 

 Out of the 20 ISSR primers screened, 15 

primers amplified reproducible and scorable 

banding pattern. PCR reactions were carried 

out in a volume of 15 µL containing 10 ng 

total DNA, 10X PCR buffer, 2% formamide, 

0.25 mM each dNTP, 10 pM each primer, 4 

mM MgCl2, 1 U Taq DNA polymerase. PCR 

cycling conditions for all accessions were 2 

minutes of initial denaturation (94˚C); 

followed by 40 cycles of 1 minute at 94˚C, 1 

minute at the specific annealing temperature, 

and 2 minutes at 72˚C; ending with a final 

extension step of 10 minutes at 72˚C. DNA 

amplification fragments were separated in a 

2% agarose gel at 100 Watt for 3 hours in 

1X TBE buffer (100 mM Tris–Borate, pH 

8.0, 2 mM EDTA) and stained with ethidium 

bromide. 

Morphological Data Analysis 

 Percentage of germination, plant height, 

number of lateral branches, florescence 

diameter, canopy diameter, plant wet and 

dry weights, ratio of canopy diameter to 
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plant height, ratio of plant height to number 

of lateral branches, day to 50% flowering, 

day to 50% germination, 1,000 seed weight, 

number of seed per umbel, seed yield, and 

percentage of self-pollination were 

measured in three replicates and the mean 

value was used for the analysis (El-Nasr et 

al., 2013). The dendrogram of 

morphological characters was constructed 

using SPSS ver17. The Clevenger-type 

apparatus was applied to extract essential 

oils. For each hydro-distillation run, 50 g of 

powdered seeds were placed in a round 

bottom flask. An aliquot of 400 mL distilled 

water was added and boiled for 5 hours. 

Then, the essential oil was collected in a 

container. The essential oil content was 

determined on the base of dry matter and 

measures were done in triplicates 

(Rahimmalek et al., 2009b). 

Data Analysis 

 Polymorphic ISSR bands of each gel were 

scored as present (1) or absent (0). Cluster 

analysis was conducted by the software 

NTSYSpc version 2.02 (Rohlf, 1998). 

Polymorphic Information Content (PIC) was 

calculated by applying the simplified 

formula: PICi= 2fi (1-fi), where fi is the 

percentage of the i
th
 amplified band present 

(Anderson et al., 1993). 

 Genetic similarity among all accessions 

was calculated according to Jaccard’s 

similarity index (Jaccard, 1908) using the 

similarity of qualitative data (Simqual) 

routine. The dendrogram was constructed 

using the Unweighted Pair Group Method 

Average (UPGMA) clustering procedure. A 

Mantel test (Mantel, 1967) was used to 

detect the correlation between Cophenetic 

and similarity matrices. The Cophenetic 

correlation coefficient was generated by 

means of the COPH routine in order to 

check the goodness of fit between the cluster 

in the dendrogram and the similarity 

coefficient matrix. Analysis Of Molecular 

Variance (AMOVA), gene diversity over 

loci and expected heterozygosity among 

assumed groups (Iranian and European 

fennel populations) were calculated using 

Arlequin version 3 software. The 

dendrogram of morphological characters 

was constructed using SPSS ver17 based on 

Ward

s method.  

RESULTS AND DISCUSSION  

ISSR-Based Genetic Diversity in 

Outcross and Self-pollinated Populations  

 Fifteen primers were selected for the 

assessment of genetic relationships based on 

the number of amplification products, the 

quality of the profiles, the level of 

polymorphism and the reproducibility of 

bands (Table 2). Selected primers generated 

248 polymorphic bands, with an average of 

16.53 fragments per primer in the outcross 

populations (Table 2), while 217 

polymorphic fragments with an average of 

14.46 fragments per primer were generated 

in the self-pollinated populations. The size 

range of the amplified products was 100 to 

1000 bp and the number of products per 

primer varied from 10 in P9 [(GA)8 YG)] to 

27 in P6 [(CA)8 VT)]. The ISSR profile 

obtained by P13 [(AG)8 T)] primer is 

illustrated in Figure 1. 

Percentage of polymorphic bands 

averaged 88.32% in outcross and 82.33%, in 

self-pollinated populations. PIC values 

averaged 0.43 and 0.42 in outcross and self-

pollinated populations, respectively (Table 

2). In the present study, the number of 

polymorphic bands per primer ranged from 

10 to 27, with an average of 16.53 and the 

average PIC value for the amplification 

products was 0.43, more than self-pollinated 

populations and those obtained by Okon et 

al. (2013) in wild and cultivated germplasm 

of fennel using ISSR markers. In the present 

research, high level of polymorphism was 

recorded that was comparable with the data 

obtained in some other Apiaceae plants 

including Coriandrum sativum (El-Nasr et 

al., 2013; Tomar-Rukam et al., 2014), 

Daucus carota (Iorizzo et al., 2013) and 
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Table 2.  Characteristics of the ISSR primer used to analyze genetic diversity in outcross and self pollinated fennel 

accessions. 

Primer Motif a Scorable bands Polymorphic bands Polymorphism (%) PIC/Primer 

  Outcross Self Outcross Self Outcross Self Outcross Self 

P1 5'-(CT)8 G-3' 26 21 23 20 88.46 95.23 0.44 0.43 

P2 5'-(CA)8 G-3' 16 20 15 18 93.75 90 0.41 0.42 

P3 5'-(TC)8 C-3' 17 17 13 16 76.47 94.11 0.39 0.37 

P4 5'-(AC)8 G-3' 13 18 11 16 84.61 88.88 0.41 0.39 

P5 5'-(AC)8 YG-3' 20 19 19 17 95 89.47 0.44 0.43 

P6 5'-(CA)8 VT-3' 27 15 25 11 92.59 73.33 0.43 0.45 

P7 5'-(CA)8 RT-3' 13 11 11 10 84.61 90.9 0.44 0.39 

P8 5'-(GA)8 T-3' 18 18 17 17 94.44 94.44 0.43 0.49 

P9 5'-(GA)8 YG-3' 26 10 23 8 88.46 80 0.44 0.4 

P10 5'-HVH (TCC)7-3' 17 14 14 11 82.35 78.57 0.4 0.45 

P11 5'-CCA (CT)8-3' 16 23 15 21 93.75 91.3 0.45 0.39 

P12 5'-BDB (TCC)7-3' 14 17 13 15 92.85 88.23 0.46 0.42 

P13 5'-(AG)8 T -3' 20 19 19 18 95 94.73 0.43 0.44 

P14 5'-(TCC)5 YR-3' 12 12 9 9 75 75 0.45 0.41 

P15 5'-T (AG)9-3′ 24 11 21 10 87.5 90.9 0.44 0.42 

Total 279 245 248 217 - - - - 

Average 18.6 15 16.53 14.46 88.32 82.33 0.43 0.42 

a   Type of degenerate nucleotide: R = A/T, Y = G/C, B = T/G/C; D = A/T/G, H = A/T/C, V = 3A/G/C. 

 
Figure 1. ISSR banding pattern of P13 [(AG)8 T)] primer in different outcross (C) (Al1c, Yac, Is1c, 

Ha1c, Te1c, Ha2c, Is2c, Ke1c, Az1c, Te2c, Fac, Spc, Enc) and Self (S) (Al1s, Yas, Is1s, Ha1s, Te1s, 

Ha2s, Is2s, Ke1s, Az1s, Te2s, Fas, Sps, Ens) pollinated fennel populations. M is 100 bp ladder. 
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Figure 2.  UPGMA dendrogram based on Jaccard‘s similarity coefficient among outcross (C) 

pollinated fennel populations collected from Iran and Europe. *The codes used in dendrograms 

were explained in Table 1. 

 

 Foeniculum vulgare and Cuminum cyminum 

(Singh et al., 2012).  

 Cluster analysis revealed five groups in 

out cross populations (Figure 2). A high 

Cophenetic correlation coefficient of 0.89 

indicates the goodness of fit in the 

dendrogram. Karaj population was classified 

in group I, while group II comprised two 

sub-groups. Pave and Yasuj populations 

were classified in subgroup I, while Isfahan, 

Kashan, Semirom and Yazd populations 

were grouped in sub-group II. They 

belonged to central regions of the country. 

Group III consisted of five populations 

including Shiravan and Mashhad, from 

Northern regions, and Shiraz, Nahavand and 

Hamadan, from central regions of the 

country. Bushehr, Kerman, Gonabad, 

Tabriz, Ardebil, Tehran and Varamin were 

grouped in cluster IV. Group V included 

European populations, namely, Poland, 

Albania, England, and Spain. Most of the 

populations used in the present study were 

classified according to their geographical 

distribution. Similar trend was also reported 

in other Apiaceae plants using ISSR markers 

such as coriander (Ahmadi et al., 2014) and 

Cuminum cyminum (Rostami-Ahmadvandi 

et al., 2013). 

 To visualize the association among self-

pollinated populations of fennel, cluster 

analysis was constructed using UPGMA 

algoritm and Jaccard’s similarity 

coefficients (Figure 3). As a result of self- 

pollination, the pattern of classification was 

not remarkably changed. For instance, Karaj 

population was classified in group III near 

the Central populations. Gonabad was 

separated from Southern populations and 

classified in group III along with North-

eastern populations.  

 AMOVA with 1,000 permutations was 
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Figure 3. UPGMA dendrogram based on Jaccard‘s similarity coefficient among Selfed (S) fennel 

populations collected from Iran and Europe. *The codes used in dendrograms were explained in 

Table 1. 

 

performed for outcross populations 

assuming two groups; Iranian (FI) and 

European (FE) populations. Analysis of 

molecular variance (AMOVA) (P< 0.05) 

with 1,000 permutations for outcross fennel 

populations was conducted to divide the 

total genetic variation into separate 

components including among (41.21 %) and 

within (58.79 %) groups, while for selfed 

ones, 44.68 and 55.32% of variations 

belonged to among and within populations, 

respectively.  

 The AMOVA results showed that the 

most significant variation was attributed to 

within-population contribution (Fst= 0.44) 

(P< 0.001). A relatively high differentiation 

among populations (Fst= 0.44) (P< 0.001) 

was observed in the present research. 

Comparisons of outcross and self-pollinated 

fennel population revealed that the genetic 

diversity decreased as a result of selfing and 

the Iranian ones were more affected by 

selfing than the European ones. Estimates of 

inbreeding and outcrossing were also 

previously studied using molecular markers 

(Jolivet et al., 2013; Robinson et al., 2013). 

The genetic variation among fennel 

populations decreased 3% as a result of 

selfing. This suggests that inbreeding can 

decrease genetic diversity among fennel 

populations in subsequent generations. In 

general, European fennel populations 

revealed higher expected heterozygosity 

(0.47) in comparison with the Iranian ones 

(0.35). As most of the relevant fennels 

originated from European countries, higher 

variation in their populations than the Asian 

ones might be attributed to their origin. 
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Morphological Results 

 Several morphological and phonological 

characteristics were measured in the studied 

populations. Analysis of variance showed 

significant differences among population for 

all traits studied (P< 0.05). The mean, 

maximum, and minimum values of each trait 

are shown in Table 3. Percentage of 

germination had the maximum value of 

Coefficients of Variability (CV) (10.57%), 

while the minimum was observed for the 

number of lateral branches (0.98%). The 

results of mean comparison, based on LSD 

test, are also shown in Table 4. For most of 

the morphological traits, the Iranian 

populations showed higher values compared 

to the European ones. Among the Iranian 

populations, Gonabad possessed the highest 

1,000 seed weight and seed yield in selfed 

and outcross pollinations compared with 

other populations (Table 4). In general, self-

pollination ranged from 2.25% in Shiravan 

to 6.58% in Pave populations, respectively. 

Essential oil yield obtained from Iranian 

populations showed significant differences 

from 2.4 to 6.4%, while the European ones 

ranged from 3.2% in Albania to 6.2% in 

Poland. In medicinal plants, selection of 

suitable parents for breeding purposes is 

highly related to obtaining useful 

morphological traits as well as high essential 

oil yield. In fennel, seed yield is considered 

as the most important trait in order to 

improve desirable medicinal properties 

(Mahfouz and Sharaf-Eldin, 2007). 

Moreover, essential oil yield has been 

considered as the major economically 

important trait in breeding programs of 

medicinal plants. Among the populations, 

Yazd, Pave, Tabriz, Yasuj, Varamin and 

Kerman indicated acceptable seed yield as 

influenced by self-pollination (Table 4). 

Essential oil yield in many medicinal plants 

may be influenced by the ploidy level 

(Nemeth, 2005), plant phonological stage 

(Rahimmalek et al., 2009b) and bio-

regulators. In the present research, European 

populations showed higher essential oil yield 

compared to Iranian ones . 

 Inbreeding increased the inflorescence 

diameter (14.67%), the ratio of canopy 

diameter to plant height (16.85%), the ratio 

of plant height to the number of lateral 

branches (7.32%), day to 50% flowering 

(7.74%), 1,000 seed weight (16.23%) and 

essential oil yield (25.61%), while other 

morphological traits such as number of seed 

per umbel and seed yield decreased (Table 

4). The highest effect of Inbreeding 

Depression (ID) on seed yield was obtained 

in England and Gonabad populations, while 

the lowest ID was observed in Yazd and 

Pave populations (Table 4). Tehran, Kerman 

and Shiraz populations showed the highest 

ID in respect to the number of seed per 

umbel.  

 In the present research, the plant height of 

the European populations (54-66.02 cm) was 

shorter than that of Iranian ones (55-109.5 

cm). In respect to this trait, Tabriz and 

Varamin populations showed higher 

similarity to European ones (Table 4). 

Pollination affected the essential oil yield in 

fennel via its influence on fruit set 

(Maghsoudi-kelardashti et al., 2015). Fruit 

set in tall populations is often low, possibly 

due to the incomplete pollination (Falzari et 

al., 2005). Furthermore, in fennel, fruit set is 

reduced by a lack of synchrony between 

pollen production and stigma receptivity 

(Maghsoudi-kelardashti et al., 2015). As a 

result, self-pollination can increase essential 

oil yield by decreasing plant height and 

elevating fruit set. According to Maghso udi-

kelardashti et al. (2015) climatic condition 

can influence the yield components as well 

as essential oil content of fennel seeds.  

 Most of the morphological traits revealed 

high levels of variation in self and outcross 

pollinated populations which were in 

agreement with those reported by Knight 

and Winters (1963). Positive and negative 

effects of inbreeding were also reported by 

Saeidi et al. (2007) in Petunia hybrid on 

seed yield components. The mean of 

inflorescence diameter of the studied fennels 

showed high variation among Iranian and  
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Table 3. The mean, maximum, minimum and coefficients of variability for morphological and phonological 

traits measured in self and outcross pollinated populations of fennel. 

Traits Mean Minimum         Maximum CV 

(%) 

Outcross Self Outcross Self Outcross Self  

1. Percentage of germination 0.532 0.354 0.3 0.14 0.7 0.61 10.57 

2. Plant height 78.70 68.7 53 40 110.75 115.32 5.02 

3. The number of lateral branches 12.26 10.26 6 4 32 30 0.989 

4. florescence diameter 18.63 5.68 2.23 3.21 15.12 6.72 3.79 

5. Canopy diameter 74.04 71.74 53 43.32 115.12 98.87 2.79 

6. Plant wet weight 195.74 157.43 97.33 80.32 454.44 324.7 7.72 

7. Plant dry weight 90.26 71.56 30.43 22.2 252.08 187.5 6.51 

8. The ratio of canopy diameter to 

plant height 

0.956 1.12 0.613 0.528 1.37 1.76 6.78 

9. The ratio of plant height to  

number of lateral branches 

7.06 7.58 3.04 2.86 12.9 16.05 5.44 

10. Day to 50% flowering 89.23 94.63 62.44 65 132.34 187 4.41 

11. Day to 50%  germination 42.21 58.68 24.53 41 65.66 84 3.65 

12. One thousand per seed weight  3.41 3.67 1.97 2.21 5.89 6.38 9.71 

13. Number of seed per umbel 12.25 7.27 4.21 4 18.34 15 4.31 

14. Seed yield 20.25 17.23 7.21 6.54 40.99 40.31 6.43 

15. Percentage of self pollination 4.15 2.25 6.58 3.34 

 

 

 

 

European populations. It might be due to 

the intensive selection pressure combined 

with geographical isolation and differences 

in pollination (Ahmadi et al., 2014). As a 

result of inbreeding, this trait was elevated 

in most of the populations. Moreover, 

number of seeds per umbel decreased, while 

one thousand seed weight increased as a 

result of inbreeding. Sharma and Meena 

(2013) reported higher number of seed per 

umbel in Indian fennel populations 

compared with Iranian ones. Singh and 

Sastry (2005) investigated the correlation 

between the yield components of 100 bi-

parental progenies of fennel genotypes. 

Their results suggested that the seed yield of 

fennel can be improved through selection for 

the number of branches per plant. 

 A dendrogram based on morphological 

data was generated using Ward’s method to 

reveal the relationships among populations. 

Outcross pollinated populations were 

clustered into five main groups (Figure 4). 

Group I consisted of seven populations 

including Tabriz, Varamin, Semirom, 

Poland, England, Spain and Albania from 

Iran and European populations. Group II 

was comprised of 11 populations including 

Yasuj, Kerman, Shiraz, Hamedan, 

Nahavand, Shiravan, Ardebil, Karaj, Yazd, 

Bushehr and Pave. Kashan classified in 

group III and showed the highest plant 

height and canopy diameter. Group IV 

included three populations including Tehran, 

Mashhad and Isfahan. Gonabad was 

clustered in group V. It had the largest 

number of lateral branches, one thousand 

seed weight and seed yield.  

 Self-pollinated populations were 

categorized into six groups (Figure 4). 

According to dendrograms, the classification 

of some populations such as Tabriz and 

Spain were changed as affected by 

inbreeding. 

 Hence, considering the importance of 

fennel as a valuable medicinal plant and the 

future need to increase its yield, it is 

necessary to strengthen the available gene 

pool of the fennel by introducing more 

variation to develop high yielding genotypes 

(Bahmani et al., 2012). So, the application 

of morphological markers for selecting of 

these elite populations can provide new 

insights for further breeding programs. On 
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Figure 4. Morphological dendrogram based on Ward’s method: (A) Selfed and (B) Outcross 
fennel populations. *The codes used in dendrograms were explained in Table 1. 

 
 the other hand, molecular markers can 

amplify some parts of the genome. ISSR 

is considered as a dominant marker and 

its distribution in genome is much lower 

than co-dominant ones, while most of 

the morphological traits can be 

controlled by quantitative genes that are 

more evenly distributed throughout the 

genome. So, in the present research, 

inbreeding might be probably more 

effective in altering the morphological 

classification than molecular ones 

(Ahmadi et al., 2014).  

 CONCLUSIONS 

 In fennel, selection of populations with 

high essential oil yield and genetic distance 

can be beneficial for breeding purposes. 

Among the studied outcross populations, 

Semirom (Is3) from the central part of Iran 

and Poland (Po) from Europe showed a 

relatively high genetic distance (0.42) and 

possessed low (3.1%) and the highest 

essential oil yield (6.2%), respectively. In 

self-pollinated populations, Yasuj (Kh2) 
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from the southwest of Iran and Albania 

(Al2) from Europe showed a relatively high 

genetic distance (0.53) and possessed low 

(3.5%) and the highest essential oil yield 

(5.8%), respectively. These populations can 

be introduced as appropriate candidates for 

future breeding programs aimed for 

increasing oil yield in fennel. Overall, 

inbreeding increased the essential oil yield 

of most of the studied populations. So, in 

respect to essential oil yield of fennel, 

selecting of self pollinated populations can 

produce more insightful results. Finally, 

according to the results of the present study, 

it is suggested to assess the next generations 

of the studied fennel populations in respect 

to the secondary metabolites variation as 

well as genetic diversity, using other 

polymorphic markers. 

REFERENCES 

1. Agostini, G., Echeverrigaray, S. and Souza-

Chies, T. T. 2008. Genetic Relationships 

among South American Species of Cunila 

D. Royen ex L. Based on ISSR. Plant Syst. 

Evol., 274: 135–141. 

2. Ahmadi, H., Rahimmalek, M. and Zeinali, 

H. 2014. Assessment of the Genetic 

Variation of Chamomile (Matricaria 

chamomilla L.) Populations Using 

Phytochemical, Morphological and ISSR 

Markers. Biochem. Syst. Ecol., 54: 190–197. 

3. Anderson, J. A., Churchill, G. A., Autrique, 

J. E., Tanksley, S. D. and Sorrells, M. E. 

1993. Optimizing Parental Selection for 

Genetic Linkage Maps. Genome, 36: 181–

186. 

4. Bahmani, K., Izadi-Darbandi, A., Ashraf-

Jafari, A., Sadat-Noori, S. and Farajpour, M. 

2012. Assessment of Genetic Diversity in 

Iranian Fennels Using ISSR Markers. J. Agr. 

Sci., 4: 79–84. 

5. Boskabady, M. H., Khatami, A. and Nazari, 

A. 2004. Possible Mechanisms for Relaxant 

Effects of Foeniculum vulgare on Guinea 

Pig Tracheal Chains. Pharmazie, 59: 561–

564. 

6. Chu, X. F. and Liu, Q. X. 2007. 

Morphological Features and Anatomical 

Structures of Angelica acutiloba Mericarp in 

Apiaceae. J. Plant Res. Env., 16: 53–55. 

7. Ebeed, N. M., Abdou, H. S., Booles, H. F., 

Salah, S. H., Ahmed, E. S. and Fahmy, K. H. 

2010. Antimutagenic and Chemoprevention 

Potentialities of Sweet Fennel (Foeniculum 

vulgare mill.) Hot Water Crude Extract. J. 

Am. Sci., 6: 831–842. 

8. El-Nasr, T. H. S. A., Ibrahim, M. M., 

Aboud, K. A. and El-Enany, M. A. M. 2013. 

Assessment of Genetic Variability for Three 

Coriander (Coriandrum sativum L.) 

Cultivars Grown in Egypt, Using 

Morphological Characters, Essential Oil 

Composition and ISSR Markers. World App. 

Sci. J., 25: 839–849.  

9. Falzari, L. M., Menary, R. C. and Dragar, V. 

A. 2005. Reducing Fennel Stand Density 

Increases Pollen Production, Improving 

Potential for Pollination and Subsequent Oil 

Yield. Hort. Sci., 40: 629–634. 

10. Gaudeul, M. and Till-bottraud, I. 2000. 

Reproductive Ecology of the Endangered 

Alpine Species Eryngium alpinum L. Ann. 

Bot., 93: 711–721. 

11. Gross, M., Lewinsohn E., Dudai N., Cohen 

Y. and Friedman, J. 2008. Flowering 

Dynamics and Crossability of Different 

Populations of Bitter Fennel (Foeniculum 

vulgare Mill. var. vulgare, apiaceae). Israel 

J. Plant Sci., 58: 215–226. 

12. Guo, W. L., Gong, L., Ding, Z. F., Li, Y. D., 

Li, F. X., Zhao, S. P. and Liu, B. 2006. 

Genomic Instability in Phenotypically 

Normal Regenerates of Medicinal Plant 

Codonopsis lanceolata Benth. et Hook. as 

Revealed by ISSR and RAPD Markers. 

Plant Cell Rep., 25: 896–906. 

13. Iorizzo, M., Senalik, D. A., Ellison, S. L., 

Grzebelus, D., Cavagnaro, P. F., Allender, 

C., Brunt, J., Spooner, D. M., Van-Deynze, 

A. and Simon, P. W. 2013. Genetic 

Structure and Domestication of Carrot 

(Daucus carota sub sp. Sativus) (Apiaceae). 

Am. J. Bot., 100: 930–938.  

14. Jaccard, P. 1908. Nouvelles Recherches sur 

la Distribution Florale. Bull. Soc. Vaud. Sci. 

Nat., 44: 223–270. 

15. Jolivet, C., Rogge, M. and Degen, B., 2013. 

Molecular and Quantitative Signatures of 

Biparental Inbreeding Depression in the 

Self-incompatible Tree Species Prunus 

avium. Hered., 110: 439–448.  

16. Josh, S. P., Gupta, V. S., Aggarwal, R. K., 

Ranjekar, P. K. and Brar, D. S. 2000. 

Genetic Diversity and Phylogenetic 

Relationship as Revealed by Inter Simple 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
17

.1
9.

1.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

20
 ]

 

                            13 / 16

http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=7403744641&eid=2-s2.0-69649083593
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=7003314580&eid=2-s2.0-69649083593
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=6603556282&eid=2-s2.0-69649083593
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=7403234807&eid=2-s2.0-69649083593
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=7403234807&eid=2-s2.0-69649083593
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=7401864787&eid=2-s2.0-69649083593
https://dorl.net/dor/20.1001.1.16807073.2017.19.1.9.4
https://jast.modares.ac.ir/article-23-4800-en.html


  _______________________________________________________________________ Salami et al. 

170 

Sequence Repeat (ISSR) Polymorphism in 

the Genus Oryza. Theor. Appl. Genet., 100: 

1311–1320. 

17. Koul, A. K., Hamal, I. A. and Gupta, S. K. 

1986. Pollination Mechanism in Coriandrum 

sativum Linn. (Apiaceae). Plant Sci., 99: 

509–515. 

18. Knight, R. J., Winters, J. R. and Winters, H. 

F. 1963. Effects of Selfing and Crossing in 

the Yellow Passion Fruit. Florida State 

Hort. Soc., 345–347. 

19. Lopes, V. R., Barata, A. M., Farias, R., 

Mendes, M. D., Lima, A. S., Pedro, L. G., 

Barroso, J. G. and Figueiredo, A. C. 2009. 

Morphological and Essential Oil Variability 

from Nine Portuguese Fennel (Foeniculum 

vulgare Mill) Accessions. Acta Hort., 860. 

20. Maghsoudi-kelardashti, H., Rahimmalek M. 

and Talebi, M. 2015. Assessment of Genetic 

Diversity among and within Fennel 

(Foeniculum vulgare Mill.) Populations 

Based on Sequence Related Amplified 

Polymorphism (SRAP) Markers and 

Pollination System. J. Agri. Sci. Tech., 17: 

In Press. 

21. Mahfouz, S. A. and Sharaf-Eldin, M. A. 

2007. Effect of Mineral vs. Biofertilizer on 

Growth, Yield, and Essential Oil Content of 

Fennel (Foeniculum vulgare Mill.). Int. 

Agrophys., 21: 361–366.  

22. Mantel, N. A. 1967. The Detection of 

Disease Clustering and a Generalized 

Regression Approach. Cancer Res., 27: 

209–220. 

23. Murray, M. G., Thompson, W. F. 1980. 

Rapid Isolation of High Molecular Weight 

Plant DNA. Nucleic. Acid. Res., 8:4321-

4326. 

24. Nemeth, E., 2005. Essential Oil 

Composition of Species in the Genus 

Achillea. J. Essent. Oil Res., 17: 501–512. 

25. Okon, S., Surmacz-Magdziak, A. and 

Paczos-Grzeda, E. 2013. Genetic Diversity 

among Cultivated and Wild Chamomile 

Germplasm Based on ISSR Analysis. Acta 

Sci. Pol. Hortorum. Cultus, 12: 43–50. 

26. Patel, D. G., Patel, P. S. and Patel, I. D. 

2008. Studies on Variability of Some 

Morphological Characters in Fennel 

(Foeniculum vulgare Mill). J. Spices 

Aromatic Crop, 17: 29–32. 

27. Patra, M., Shahi, S. K., Midgely, G. and 

Dikshit, A. 2002. Utilization of Essential Oil 

as Natural Antifungal against Nail Infective 

Fungi. Flavor Frag. J., 17: 91–94. 

28. Perglová, I., Pergl, J. and Pyšek, P. 2006. 

Flowering Phenology and Reproductive 

Effort of the Invasive Alien Plant 

Heracleum mantegazzianum. Preslia, 78: 

265–285. 

29. Qian, W., Ge, S. and Hong, D. Y. 2001. 

Genetic Variation within and among 

Populations of a Wild Rice Oryza granulata 

from China Detected by RAPD and ISSR 

Markers. Theor. Appl. Genet., 102: 440–449. 

30. Rahimmalek, M., Sayed-Tabatabaie, B. E., 

Arzani, A. and Etemadi, N. 2009a. 

Assessment of Genetic Diversity among and 

within Achillea Species Using Amplified 

Fragment Length Polymorphism (AFLP). 

Biochem. Syst. Ecol., 37: 354–361. 

31. Rahimmalek, M., Sayed-Tabatabaie, B. E., 

Etemadi, N., Goli, S. A. H., Arzani, A. and 

Zeinali, H. 2009b. Essential Oil Variation 

among and within Six Achillea Species 

Transferred from Different Ecological 

Regions in Iran to the Field Conditions. Ind. 

Crop Prod., 29: 348–355. 

32. Robinson, S. P., Simmons, L. W. and 

Kennington, W. J. 2013. Estimating 

Relatedness and Inbreeding Using 

Molecular Markers and Pedigrees: The 

Effect of Demographic History. Biochem. 

Genet., 50: 797–808. 

33. Rohlf, F. J. 1998. NTSYS-pc Numerical 

Taxonomy and Multivariate Analysis 

System, Version 2.00. Exeter software, 

Setauket, New York.  

34. Rostami-Ahmadvandi, H., Cheghamirza, K., 

Kahrizi, D. and Bahraminejad, S. 2013. 

Comparison of Morpho-agronomic Traits 

versus RAPD and ISSR Markers in Order to 

Evaluate Genetic Diversity among Cuminum 

cyminum l. Accessions. Aust. J. Crop Sci., 7: 

361–367. 

35. Saeidi, G., Etemadi, N., Razmjoo, K. and 

Khajepour, M. R. 2007. Inbreeding Effects 

on Various Quantitative Traits of Petunia 

hybrid L. J. Genet. Breed., 61: 19–26. 

36. Saleha, Y. M. A. 2011. Investigation of the 

Genetic Toxicology of Dill and Fennel 

Extracts and Cyclophosphamide in Male 

Rats by RAPD-PCR Assay. J. Am. Sci., 7: 

398–408. 

37. Saravanaperumal, S. A. and Terza, A. L. 

2012. Polyphenolics Free DNA Isolation 

and Optimization of PCRRAPD for Fennel 

(Foeniculum vulgare Mill.) from Mature and 

Young Leaves. Afr. J. Biotech., 11: 8622–

8631. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
17

.1
9.

1.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

20
 ]

 

                            14 / 16

https://dorl.net/dor/20.1001.1.16807073.2017.19.1.9.4
https://jast.modares.ac.ir/article-23-4800-en.html


Genetic Variability of Outcross and Selfed Fennel _________________________________  

171 

38. Sarwat, M., Das, S. and Srivastava, P. S. 

2008. Analysis of Genetic Diversity through 

AFLP, SAMPL, ISSR and RAPD Markers 

in Tribulus terrestris, a Medicinal Herb. 

Plant Cell Rep., 27: 519–528. 

39. Sedighi, E. and Rahimmalek, M. 2015. 

Evaluation of Genetic Diversity of Rubus 

hyrcanus Juz. Using Inter Simple Sequence 

Repeat (ISSR) and Morphological Markers. 

Biologia. In Press. 

40. Sharma, M. and Meena, R. S. 2013. Genetic 

Diversity in Fennel (Foeniculum Vulgare 

Mill). Inter. J. Sci. Res., 2: 2277– 8179. 

41. Shukla, S., Singh, P. K. and Garg, V. K. 

2003. Study of Genetic Variability and 

Heritability in Fennel Grown on Sodic Soils. 

J. Med. Arom. Plant Sci., 25: 956–958. 

42. Singh, S. K., Kakani, R. K., Meena, R. S., 

Pancholy, A. and Pathak, R. 2012. Genetic 

Diversity among Indian Varieties of 

Foeniculum vulgare and Cuminum cyminum 

Based on Nuclear Ribosomal DNA and 

RAPD Analyses. Inter. J. Agri. Stat. Sci., 8: 

493–502. 

43. Singh, V. V. and Sastry, E. V. D. 2005. 

Association Studies for Seed Yield and Its 

Attributes in Bi-parental Progenies of 

Fennel. Agri. Sci. Digest, 25: 303–304. 

44. Tomar-Rukam, S., Kulkarni, G. U., 

Parakhia, M. V., Thakkar, J. R., Rathod, V. 

M., Solanki, R. K. and Golakiya, B. A. 

2014. Genetic Diversity Analysis in 

Coriander (Coriandrum sativum) Genotypes 

through Morphological and Molecular 

Characterization. Res. J. Biotech., 9: 1–11. 

45. Torabi, S., Hasani, M. H., Omidi, M., 

Etminan, A., Dasmalchi, T. and 

Gharakhanlou, H. 2012. Evaluation of 

Genetic diversity in Fennel Accessions 

Using AFLP Markers. Adv. Environ. Biol., 

6: 2821–2828. 

46. Yvonne-Davila, C. and Glenda-Wardle, M. 

2007. Bee Boys and Fly Girls: Do 

Pollinators Prefer Male or Female Umbels in 

Protandrous Parsnip, Trachymene incisa 

(Apiaceae). Austr. Ecol., 33: 798–807. 

47. Zahid, N., Abbasi, Y. I., Hafiz, A. and 

Ahmad, Z. 2009. Genetic Diversity of 

Indigenose Fennel (foeniculum vulgare mill) 

Germplasm in Pakistan an Assessed by 

RAPD Markers. Pak. J. Bot., 41: 1759–

1767.

تنوع ژنتیکی در جوعیت های آزادگرده افشاى و خودگرده افشاى رازیانه با استفاده 

 ISSRاز نشانگرهای هورفولوژیک و هولکولی 

 توامههلک، و م. ح. ام. سلاهی، م. رحین

 چکیده

جوؼیت آسادگزدُ افشاى ٍ خَد گزدُ افشاى راسیاًِ  23بزای ارسیابی تٌَع صًتیکی  ISSRًشاًگز 

تحقیق حاضز بِ  اس هٌاطق جغزافیایی هختلف ایزاى ٍ بزخی هٌاطق ارٍپا استفادُ گزدیذ. آٍری شذُجوغ

هٌظَر ارسیابی تاثیز خَیش آهیشی بز صفات هَرفَلَصی ٍ تٌَع صًتیکی در طی ًسل بؼذ اًجام شذ. 

تَلیذ  شکلذ ًَار چٌ 248ّای آسادگزدُ افشاى در هجوَع، در تَدُ ISSRپاًشدُ تزکیب ًشاًگزی 

ّای کِ در جوؼیت در حالی ًَار بِ اسای ّز آغاسگز تکثیز شذ 53/16بِ طَر هتَسط دًذ کِ ًوَ

ًَار بِ اسای ّز  46/14ٍ بِ طَر هتَسط تَلیذ ًوَدًذ  شکلذ ًَار چٌ 217خَدگزدُ افشاى در هجوَع 

 ّایتَدُبٌذی، بزای خَشِ UPGMAضزیب تشابِ جاکارد ٍ الگَریتن . طبق آغاسگز تکثیز شذ

بٌذی شذًذ. بیشتزیي ٍ کوتزیي زگزدُ افشاى راسیاًِ را بز اساس هٌاطق جغزافیایی بِ پٌج گزٍُ تقسیندگ
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( هشاّذُ شذ. بِ طَر 42/0( ٍ لْستاى )53/0ّز هکاى صًی، بِ تزتیب در جوؼیت آلباًی ) درتٌَع صًتیکی 

ّای ( در هقایسِ با جوؼیت47/0ّای ارٍپایی هیشاى ّتزٍسیگَسیتی هَرد اًتظار بیشتزی را )کلی، جوؼیت

 49/0تا  37/0ّای خَدگزدُ افشاى اس در جوؼیت( PIC)(. هیشاى چٌذشکلی 35/0ایزاًی ًشاى دادًذ)

ًوَدار بَد.  46/0تا  39/0ّای آسادگزدُ افشاى بزابز با هتغیز بَد در حالی کِ ایي هقذار در جوؼیت

را در  هَلکَلیّای ای حاصل اس دادَُشًِوَدار خ ًتایج ّای هَرفَلَصیکای حاصل اس دادُخَشِ

ّای هَرد بیشتز هَارد هَرد تاییذ قزار ًذاد. خَد گزدُ افشاًی سبب کاّش ارتفاع دراکثز جوؼیت

-55ّای ایزاًی )تز اس جوؼیتهتز( کَتاُساًتی 02/66-54ّای ارٍپایی )هطالؼِ شذ. در هجوَع، جوؼیت

ّای هَرد هطالؼِ با تأثیزگذاری بز ولکزد اساًس را در جوؼیتهتز( بَدًذ. گزدُ افشاًی ػساًتی54/109

تَاى ًتیجِ گزفت کِ جوؼیت آلباًی با داشتي بیشتزیي هیشاى اساًس رًٍذ تشکیل هیَُ، افشایش داد. هی

 ّای اصلاحی در جْت بْبَد هیشاى اساًس هَرد استفادُ قزار گیزد.آهیشی، در بزًاهِتحت تاثیز خَیش
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