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Figure 1. Mitotic complements of 10 Citrus species (2n=2x=18). a C. macroptera, b C.grandis, c C. med-
ica, d C. reticulata, e C. sinensis, f C. jambhiri, g C. latipes, h C. indica, i C. limon, j C. limetta. Bar = 5µm.
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with low value of asymmetry index indicating high karyotype symmetry correspond-
ing to C. medica (1.87), C. grandis (1.89), C. indica (1.94), C. reticulata (2.46). The 
other group with high asymmetry index indicate low karyotype symmetry correspond-
ing to C. sinensis (3.04), C. limetta (3.23), C. macroptera (3.36), C. jambhiri (3.76) and 
C. latipes (4.28). C. limon reported to be an intermediate species had an asymmetry 
index value of 2.58 indicating its link between the above two groups.

Figure 2. Karyograms of 10 Citrus species. a C. macroptera, b C. grandis, c C. medica, d C. reticulata, e C. 
sinensis, f C. jambhiri, g C. latipes, h C. indica, i C. limon, j C.limetta. Bar represent heteromorphic pairs.
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Discussion

From the perusal of published literature it can be seen that the somatic chromosome 
number in the genus Citrus is diverse ranging from 2n=18, 27, 36, 54, etc. (Bacchi 
1940; Krug 1943; Krug and Bacchi 1943; Lapin 1937) in various species. It can be 
seen from the above published data, that the relationship is indicative of a probable 
polyploid series with a basic number of x=9. In the present investigation all the somatic 
cells analysed in 10 different species had 2n=18. However in one specimen of C. reticu-
lata 2n=36 was recorded. Thus the present studies involving 10 representative species 
did conform the somatic chromosome number as 2n=18 only without any exception.

Thus the present data as reflected from Fig. 1 and 2, combined with chromo-
some counts available from the literature confirms that the genus Citrus is apparently 
monobasic in nature and x=9 is the most acceptable number. Such observation re-
ceived an ample support from reports of Krug (1943), Tanaka (1930), Yamamoto et 
al. (2007), and Barros e Silva et al. (2010). The sporadic occurrence of 2n=36 in a few 
cells of C. reticulata is another indication for x=9 as the true basic number of the genus 
Citrus. The basic chromosome number of Citrus (Rutaceae) and other related genera 
of the subfamily Aurantioideae has been reported as x=9 (Frost 1925). The majority of 
the wild and cultivated forms of Citrus are identified as diploids, i.e. 2n=2x=18 (Krug 
1943). However polyploids are known to exist, which arise either spontaneously or 
following certain cross combination. For example there have been reports of naturally 
occurring tetraploids from inter-specific crosses between tetraploid and diploid taxa 
(Oiyama et al. 1991) and induced polyploids by colchicine (Barret 1974, Oiyama and 
Okudai 1986). Heteroploid crosses involving tetraploid (4x) and diploid (2x) species 
resulted in spontaneous production of a triploid ‘Tahiti lime’ (Krug and Bacchi 1943; 
Oiyama et al. 1991, 1980). Luss (1935) was the first to report about a hypertriploid 
(3x +1=28). Similar observations of hypertriploid were also reported by Lapin (1937), 
Krug and Bacchi (1943) who have recorded the occurrence of aneuploid from the 
progeny of various crosses among diploid species. Inter-specific hybridization, ploidy 
level and the mono/polyembryonic nature of the Citrus variety may also contribute to 
the frequency of polyploid progenies (Cameron and Soost 1969; Wakana et al. 1981).

In the present studies on 10 different Citrus species, the chromosome comple-
ments were all resolved into either metacentric or sub-metacentric chromosomes only. 
From the details of karyotypic formulae derived for these species of Citrus, three pat-
terns of karyotype formulae, 18L, 16L+2V and 14L+4V, were recorded and there was 
complete absence of sub-telocentric and telocentric chromosomes which is indicative 
of the stability of the genome and of the absence of structural alteration of the chromo-
somes in the genus Citrus. Therefore, it is presumed that speciation in the genus Citrus 
could have been influenced by gene mutations which have no effect in the overall 
structure of chromosomes.

Swingle and Reece (1967), opined that the genus Citrus has only three ‘basic’ true 
species viz. Citron (Citrus medica L.), Mandarin (Citrus reticulata Blanco), and Pum-
melo (Citrus grandis Osbeck), while the rest of the species are hybrid derivatives of any 
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one of the true species and species belonging to sub genus Papeda (Barrett and Rhodes 
1976; Federici et al. 1998; Nicolosi et al. 2000; Scora 1975). However the high resolu-
tion of karyotypes as observed in the present mitotic preparations does not distinguish 
between basic true species and derived ones. There was no grouping of chromosomes 
for distinguishing the karyotypes on the basis of the hybrid nature of species as report-
ed. However, the staining methods used traditionally with aceto-carmine, aceto-orcein 
or Feulgen’s solution were less informative to reveal detailed structure under the usual 
optical microscope because the mitotic chromosomes are very small (1.0–4.0 μm) and 
most of them are similar in morphology (Krug 1943). Therefore, to establish the hybrid 
nature of some of the species can only be determine by using more sensitive technique 
like in situ hybridization and the study of banding patterns of the chromosomes.

From the karyological data presented in Table 2 it can be observed that the asym-
metry index of different species of Citrus presently investigated had shown significant 
variation. C. medica, C. grandis and C. reticulata which are considered as true basic 
species (Swingle and Reece 1967) are characteristic in having low asymmetry index of 
1.87, 1.89 and 2.46 respectively. On the other hand 6 species had higher asymmetry 
index while C. indica had an intermediate value. The lower asymmetry indexes of the 3 
species recorded suggest an ancestral genome which makes them as true basic species. 
The higher asymmetry index value recorded in 6 species is indicative of the fact that 
their genomes are relatively advanced and are in a process of reorganisation through 
chromosome structural alterations. C. indica with its intermediate value of asymmetry 
index may be regarded as one of the progenitor species of cultivated Citrus (Malik et 
al. 2006) and has a special position in the genus.
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