
mailto:rkchahota@yahoo.com
http://dx.doi.org/10.3897/CompCytogen.v5i4.965
http://dx.doi.org/10.3897/CompCytogen.v5i4.965
www.pensoft.net/journals/compcytogen
http://creativecommons.org/licenses/by/3.0/








Karyotyping and in situ chromosomal localization of rDNA sites in black cumin... 349

Figure 1c. FISH on Prophase chromosomes of Bunium using probes of 18S-5.8S-26S indicated by 
white arrows (NOR (white long arrows), and 5S rRNAgenes (small yellow arrows).

Figure 1d. Prophase chromosome of Bunium persicum with DAPI to visualise the NOR regions (white 
arrows).

tandemly repeated units located at one or a few chromosomal sites (Flavell 1986) and 
may be unlinked on the same chromosome arm or located on different chromosomes 
(Mukai et al. 1990). Visualization of the 5S and 18S-5.5S-26S rRNA genes by FISH 
has provided a number of chromosomal markers to elucidate the chromosomal evolu-
tion and species interrelationships (Mukai 2005). In the past decades, FISH studies 
have been conducted in numerous plant species to elucidate the number and localiza-
tion of rDNA sites. It has been observed that most of the diploid plants have two sites 
(i.e. a single locus) of both 5S and 18S-5.8S-26S rDNA (Mishima et al. 2002), al-
though some diploids may have multiple sites (Fukui et al. 1994; Badaeva et al. 1996; 
De Bustos et al. 1996; Raina and Mukai 1999; Lavania et al. 2005). Prokopowich et 
al. (2003), based on exhaustive analysis on the rDNA copy number and genome size 
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in large number of animal and plant taxa, have suggested a strong positive correlation 
between genome size and rDNA copy number. This helped us to understand that ri-
bosomes would  increase as genome size increases if the relative proportion of protein-
coding genes remains constant.

In Bunium persicum all chromosomes were arranged according to the length, 
morphology and chromosomal markers (18S-5.8S-26S and 5S rDNA), with the larg-
est chromosome designated as the chromosome 1 and smallest as the chromosome 7 
(Fig. 2). The majority of the chromosomes were metacentric making identification 
of homologous pairs difficult as the size gradient and morphology of chromosomes 
5 and 7 and chromosomes 4 and 6 was conspicuous. Identification of long and short 
arms on which rDNA loci were located was achieved by comparing the same pho-
tographs taken before and after in situ hybridization (Figs 1c, d). Slight variation in 
the long arm of chromosomes 4 and 6 helped us to identify homologous pair of each 
chromosome. The position of two pairs of 5S rDNA sites at different arms was used 
to identify homologous pairs of chromosome 5 and 7. On the chromosome 5, the 
5S rDNA site was located on long arm at subtelomeric region, whereas it was at the 
interstitial region of the short arm of chromosome 7. Due to small variation in 5S 
rDNA sites in chromosomes 5 and 7, FISH analysis was carried out at prophase stage 
to identify the exact location of 5S rDNA sites in these chromosomes (Fig. 1c). The 
present study revealed that there were two sites for 18S-5.8S-26S rDNA loci each at 
telomeric regions on chromosomes 1 and 2. Therefore, the identification of chromo-
somes 1 and 2 was ascertained by visualizing 18S-5.8S-26S rrDNA signals. The 18S-
5.8S-26S rDNA signals were over a longer distance on chromosome 1, indicating the 
presence of secondary constriction (NOR) and a satellite of the chromosome. Some 
authors have reported that the 18S-5.8S-26S rRNA multigene family, as a compo-

Figure 2. Karyo-idiograms of Bunium persicum showing FISH based localization of two rDNA sites 
(18S-5.8S-26S and 5 S rDNA) on somatic chromosomes of Bunium persicum.
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nent of the nucleolar organizing region (NOR) which is strongly hybridized to the 
secondary constriction and satellite (Mukai et al. 1991; Hizume 1994; Castilho and 
Heslop-Harrison 1995). Although the satellite identification by conventional staining 
is very difficult because of its small and fragile constriction site, FISH signal allowed 
the identification of chromosomes with similar morphology. Therefore, the chromo-
somes 1 and 2 despite having the same size and presence of 18S-5.8S-26S rDNA loci 
at terminal regions could be discriminated by the long FISH signals on chromosome 
1. The bi-or multicolour FISH technique, using rRNA multigene families and other 
detectable DNA sequences as probes will be useful for determining the marker chro-
mosomes that are similar in size and morphology among species. The present study 
revealed that chromosomes 5 and 7 were marker chromosomes for 5S rRNA gene and 
that chromosomes 1 and 2 were marker chromosomes for18S-5.8S-26S rRNA gene. 
The establishment of the karyotype for Bunium persicum may allow the assignment of 
linkage groups by FISH. This will help to undertake further cytogenetic studies and 
physical mapping of the loci that can act as landmarks source for the development of 
genetic map in this plant.
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