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A common Indian spice fennel (Foeniculum vulgare Mill .) is belonging to the family Umbel
liferae. It is very valuable for ether oil, medicinal and vegetable crop. Fruits are considered 
useful in disease of the chest, spleen and kidney . A hot infusion of the fruit is used in indigen
ous medicine to increase lacteal secretion and to stimulate sweating (Annonymous 1956). In 
Italy fennel are used industrially as raw material for ether oil and pharmaceutical product 

(Zaostrovskay et al. 1973).
Cytogenetical studies were carried out in this species previously by different workers 

(Delay 1947, Garde and Garde 1949, 1954, Mitsukuri and Kurahori 1959, Sharma and Bhat
tacharyya 1959, Cartier 1960, Zaostrovskay et al. 1973, Hore 1976, Bhowmik and Devee 1978), 
but nuclear DNA content have not yet been studied. The present investigations have been 
made on three newly introduced cultivated varieties to interpret intravarietal variations , if 
any, using different cytogenetical parameters.

Materials and methods

Three varieties of fennel namely Foeniculum vulgare var. UF32, F . vulgare var. UF31 and 

F. vulgare var. MSI were obtained from Department of Genetics and Plant Breeding
, S. K. N. 

College of Agriculture, Jobner-303329. Seeds were grown in the experimental plot of the 

Department of Botany, University of Calcutta.

Well scattered metaphase plates were obtained by pretreating the root tips with saturated 

paradichlorobenzene and aesculine mixture for three and half hours at 14•Ž followed by 

overnight fixation in 1:3 acetic ethanol. Usual acetic orcein/N. HCI method was followed 

for staining.

For the measurement of 4C DNA amount ten actively growing root tips from each vari

eties were fixed in acetic ethanol for 24 hours at 4•Ž. Fixed root tips were hydrolysed in 1 N 

HCI for 10 minutes at 60•Ž. Root tips were washed in distilled water and put in leucobasic 

fuchsin solution, kept in dark, for 2 hours at 12•Ž. Each root tip squash was made carefully 

on a separate slide in 45% acetic acid. From each slide ten randomly selected metaphases 

(4C) were scored. DNA was estimated with the help of a Leitz Wetzlar Aristophot with 

microspectrophotometer, following the single wavelength (550nm) method (Sharma and 

Sharma 1980). 4C nuclear DNA values were calculated on the basis of optical density, in 

terms of relative arbitrary units of absorbance, which were then converted to picograms (p. g.) 

i.e. 10-12 g by using Van't Hof's (1965) 4C nuclear DNA value for Allium cepa as a standard 

viz., 67.1•~10-12g.

Chromosome volume of a single chromosome was obtained by simply putting the formula 

ƒÎ r2h, where 'r' and 'h' are the radius and length of the chromosome respectively. Mean value 

of total genomic chromosome length and total chromosome volume with standard error have 

been calculated. 'T' tests at the intravarietal level have also been made.
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Observations

Studies on the chromosomes of three varieties of this species show a good deal of similarity 

in their chromosome number, size and morphology. Synchronous division of cell has been 

shown in all the varieties (Fig. 1). All of them have contained 2n=22 chromosome in their 

somatic complements. The chromosome size ranges from 2.83 to 4.38ƒÊ. On the basis of 

their size and position of the primary and secondary constrictions, a number of chromosome 

types are seen to be common to all of them though they differ from one another in the minute 

details of the karyotype. A general description of the representative of the types is given below 

(Fig. 2).

Table 1. Chromosome characteristics in different varieties of fennel

Table 2. Mean results of genomic chromosome length, volume, 4C DNA and t-test 

values in 3 varieties of F. vulgare

D. F.=Degrees of freedom
* Significant at 0 .1 P

** Very highly significant at 0 .001 P

Type A: Long to medium sized chromosome with one primary and one secondary constric

tions. The relative positions of the two constrictions are nearly subterminal and 

submedian to nearly median respectively.

Type B: Long to medium sized chromosomes with two constrictions. The primary con

strictions are nearly submedian in position and the secondary constrictions are sub

terminal at the long arm of the chromosome.

Type C: Medium sized chromosome with nearly median to median primary contsrictions.

Type D: Medium sized chromosome with nearly submedian primary constriction and nearly 

submedian to median secondary constrictions on the long arm of the chromosome.

Type E: Medium to small sized chromosomes with nearly submedian primary constrictions. 

A detailed description of the somatic complements of the three varieties of fennel studied 

have been presented in Table 1.
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Figs. 1-5. 1, synchronous cell division showing somatic metaphase in Foeniculum vulagre. 2, 

types of chromosomes present in different varieties of Foeniculum vulgare. 3-5, somatic metaphase 

plates. 3, F. vulgare var. UF32 (2n=22). 4, F. vaulgare var. UF31 (2n=22). 5, F. vulgare var. 

MSI (2n=22). •~2200.
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Total genomic metaphase chromosome length was 39.46ƒÊ in UF32, 37.08ƒÊ in UF31 and 

32.45ƒÊ in MSI. There was a slight increase of nuclear volume in UF31 than UF32. But this 

result is not significant statistically (Table 2) . 4C DNA amount was maximum in UF32 and 

minimum in MSI. In UF31 it was intermediate. Differences in 4C DNA amount of these 

three varieties were highly significant. The mean results of total genomic chromosome length, 

volume, 4C DNA amount and their t-test values have been given in Table 2.

Figs. 3a-5a. Corresponding idiograms of different varieties of F. vulgare. •~2000 .

Figs. 6-8. Histograms regarding chromosome length, chromosome volume and 4C DNA con

tent in 3 varieties of F. vulgare.
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Discussion

The karyotype analysis in three varieties of Foeniculum vulgare reveals a number of features . 

In all the three varieties chromosome numbers were same but the numbers of chromosome with 

secondary constrictions were different (Table 1) . The size difference and the type of chromo

some was also differed from one another (Figs . 3a, 4a, 5a). The variation in chromosome 

size was quite marked in UF32 than UF31 and MSI . Again the number of chromosome 

types in karyotype varies in different varieties. All the types (Fig. 2) were observed in UF31. 

In UF32 and MSI type D and E chromosomes were missing accordingly . A and B types of 

var. UF32 bear secondary constrictions but an addition of type D has also been noted in 

UF31 and MSI. It has been suggested that varietal demarcation is a result of changes in 

heterochromatic part as well as repetitive sequences in genome.

An interesting observation is that the total genomic chromosome length and volume in 

metaphase configuration was also differed statistically in different varieties (Figs. 6, 7 and 

Table 2). Among the three varieties the total genomic chromosome length was maximum i.e. 

39.46ƒÊ in UF32 and minimum i.e. 32.45ƒÊ in MSI. A minor increase of chromosome volume 

in UF31 than UF32 in respect to their chromosome length has been noted (Table 2). This 

may be due to endoreduplication of DNA in the chromosome or increase in the histone pro

teins on the chromatin fibres during differential condensation at metaphase.

There is no published account of 4C DNA amonuts per nucleus in different varieties of 

F. vulgare. However, such differences observed in the present work are in accordance with 

the findings of other workers (e. g., Nishikawa 1970, Furuta 1975, Furuta et al. 1978, Price et 

al. 1980, Resslar et al. 1981). However, there are accounts (e. g. Furuta et al. 1978 in 41 strains 

of Triticum monococcum and Verma and Ohri 1979 in five cultivars of Lathyrus sativus) where 

no differences in DNA amount between the cultivars were found. The present result shows 

that the 4C DNA amount per nucleus differed markedly. In MSI it was minimum 18.17 p.g. 

and maximum in UF32-18.93 p. g. 4C DNA amount was increased simultaneously with the 

increase of genomic chromatin length (Figs. 6-8). These changes have played an important 

role in varietal demarcation. Although the functions of repetitive DNA are still the subject 

of speculation, it has been shown that evolution of species and genera is accompanied by changes 

in the types of repetitive DNA present (Flavell et al. 1977). It was also suggested by Duehrssen 

et al. (1984) that DNA amplification is responsible for varietal difference in Daucus carota. 

Evolution of species is due to structural differences of chromosome at intravarietal level (Hore 

1976, 1977a, b). Therefore, the variation in position of secondary constrictions and primary 

constrictions shows that extensive changes in karyotype have played a role in the evolution of 

these varieties. Differences in chromosome volume, length and 4C DNA content per nucleus 

have also supported this view.

The minute structural changes in the chromosome leading to genic changes as well as 

amount of changes in the repetitive DNA have been responsible for varietal differences. It 

has also been suggested that amplification of DNA has a signicant role in the microevolution 

of genomes.

Summary

Karyotype analysis of three varieties of Indian fennel (Foeniculum vulgare Mill.) revealed 

that minute structural alteration of chromosomes associated with variation of 4C DNA con
tent, genomic chromosome length and genomic chromosome volume has played an impor
tant role in establishment of new cultivated varieties.
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