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The late prophase orientation of chromosomes is a carryover from late telo
phase orientation (Carlson 1956). This is apparently maintained by means of the
centromeres, which appear to be attached within a limited region of the nucleus
throughout telophase, interphase and prophase (DuPraw 1970, Avivi and Feldman
1980, Lavania and Sharma 1981). Very little is known about the arrangement of
centromeres in an interphase nucleus, owing to the inherent technical difficulty to
recognize the centromeres at interphase under light or electron microscope.
In Lathyrus sphaericus, C-bands as detected by Giemsa banding have been found
to be present mainly in centromeric region as thick blocks of C-heterochromation.
An additional very thin band is also observed in satellited regions of the nucleolar
pair (Lavania and Sharma 1980a). Thus Lathyrus sphaericus provides a suitable
material for the study of arrangement, orientation and behaviour of centromeres
during cell division cycle.
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ment of centromeres. Out of a total of 200 interphase cells showing a distinct ring
like arrangement of C-band regions examined, 16.5% showed a few C-band dots
in the central gap of the ring (Fig. 1). This ring of heterochromatic regions was
formed in one of the polar region of the nucleus. With the advance of interphase
(as revealed from the nuclear size and heterochromation amount; 2C-to-4C tran
sition), the C-band regions of the ring fuse in a group of 2-3 bands (as apparent from
the size) to form 5-7 thick blocks of heterochromation at the centromere region
(Fig. 2). The number and size of these centromeric heterochromtaic groups at in
terphase vary between nuclei.
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Orientation of C-band regions during mitotic movements
With the transition from interphase to prophase and the reorganization of the
chromosomes, the separate C-band regions are also resolved. However, the C
band regions still maintain the ring-like arrangement and chromosomes appear to
remain polarized until late prophase (Fig. 3). At metaphase, the C-banded seg
ments are arranged at the equatorial plate (Fig. 4). However, in some plates, where
the chromosomes show radial metaphase like arrangement, the C-band regions form
ring-like configuration.
When the sister chromatids separate and move towards
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opposite poles at anaphase, centromeric regions form a ring -like arrangement as
evidenced by dark stained C-band regions (Fig . 5). A similar arrangement is re
tained at telophase and subsequently at interphase (Fig . 6). All these observations
clearly show that the arrangement of chromosomes is non -random throughout
mitosis and the centromeric regions maintain their ring -like arrangement all over
the division cycle as exhibited by arrangement and orientation of C -banded cen
tromeric regions.

Discussion
Arrangement of chromosomesin interphase and C-band distribution during mitotic
movements
Constitutive heterochromation as detected by Giemsa C-banding technique is
mainly confined to centromeric regions of chromosomes in L. sphaericus. At vari
ous stages of mitotic cell cycle in this species, the C-band regions form a ring-like
configuration showing thereby that anaphase-telophaseorientation of chromosomes
is maintained at interphase and even till late prophase. Previous data on cytology
(Avivi and Feldman 1980), autoradiography (Fussell 1975), electron microscopy
(Church and Moens 1976)and banding (Stack and Clark 1974,Fussell 1977,Ghosh
and Roy 1977, Tanaka and Tanaka 1977, Lavania and Sharma 1980b) studies on
a variety of plants show that interphase chromosomesretain their telophase arrange
ment. However, Hsu et al. (1971) found that position of centromeres in the in
terphase nucleus of Mus musculusvaried from tissue to tissue. Fussell (1977) sug
gested that telophase orientation of interphase chromosomes is typical of cells with
high mitotic rates. This non-random telophase arrangement of interphase chromo
somes possibly determines the plane of division.
The centromeric regions of chromosomesas revealed by C-bands remain polari
zed in the abaxial hemisphere of the nucleus and possiblythe telomeric ends in other
hemisphere. This polarization is a relic of anaphase-telophase chromosome orien
tation from the preceding division.
Centromeric ring
As evident from the observations, the ring-like configuration of centromeric
heterochromatic regions is maintained throughout the division cycle. Even in
metaphase plates where the chromosomes are slightly separated from each other
and some radial metaphase like arrangement becomes apparent, the C-band regions
can be seen arranged in a ring.
Mosolov (1974) and Mosolov and Bondareva (1976) in their models have sug
gested that in the interphase nucleus chromosomes are meridionially arranged. The
centromeres are concentrated on one of the polar circles forming a peculiar polar
ring (centromeric ring). In view of this fact it appears that centromeric pole is
most clearly expressed on the interphase nucleus and the telomeres are oriented
towards the opposite pole. The centromeric ring unites the chromosomes in the
region of centromere and is responsible for orienting them at all stages of the cell
cycle. The so-called centromeric ring is a mechanism maintaining polar orientation
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of chromosomes. Mosolov (1974) suggested that the chromosomes always maintain
a strictly non-random arrangement, independent of the cell cycle. Only by preserv
ing this constancy, the regular spatial relationship of the genetic apparatus in the
dividing cells is possible.
Yunis and Yasmineh (1971) suggested that the grouping of centromeres in a
cell is a function of centric heterochromation which has an aggregation property.
As the interphase cell advances, the heterochromatic regions of the centromeric ring
aggregate to form 5-7 centromeric structures. Similar aggregation of centromeric
regions in mitotic and meiotic interphase nuclei has been reported in Allium fis
tulosum (Church and Moens 1976, Moens and Church 1977). In some of the in
terphase cells a few C-bands could be seen in the central gap of the centromeric
ring. These may be ascribed to the C-bands of nucleolar segments. That the
interstitial C-bands of nucleolar chromosomes remain in the nucleoplasm has been
reported in Allium cepa and Trigonella foenum-graecum from the observations of C
bands and electron micrographs of interphase nucleus (Ghosh and Roy 1977, Lava
nia and Sharma 1980b). This ring-like arrangement of centromeres in interphase
nucleus has also been noted by the present authors in Lathyrus odoratus, as having
almost a similar type of C-banding pattern. Avivi and Feldman (1980) reviewed the
arrangement of chromosomes in plants and inferred a circular arrangement of cent
romeres in interphase nucleus.
The mechanism of maintaining this chromosome orientation is not fully known.
One possibility is that heterochromatic regions rich in repetitive DNA and specific
non-histones may serve as points of attachment to nuclear membrance (Sharma
1978, Lavania and Sharma 1981, 1982) which may well provide a mechanism for
holding chromosomes in place within the nucleus (Fussell 1975, 1977, Avivi and
Feldman 1980, Comings 1980). The existence of chromosomal inter-connection
by thin filaments of chromatin running from one chromosome to the next during
mitotic and meiotic metaphases has been clearly demonstrated in various cell types
through different approaches (Hoskins 1968, Klasterska et al . 1977, Lavania and
Sharma 1984). These interchromosomal connections may be involved in main
taining a spatial relation among chromosomes and in governing the exact distri
bution of the chromosomes at all stages of cell division.

Summary
The C-bands of Lathyrus sphaericus are present in the centromeric region of
all the 14 chromosomes and the satellited region of the nucleolar pair. Orientation
of interphase chromosomes is non-random and late anaphase arrangement of chro
mosomes is maintained up to next late prophase through interphase. At interphase,
centromeric regions form a ring-like arrangement towards one pole and chromo
somes remain polarised. The chromosomes may be present singly or 2-3 centro
meres may associate to form 5-7 centromeric masses. Regularity of spatial rela
tionshipof chromosomes throughout the division cycle is indicated. Non-random
arrangement of interphase chromosomes and organization of a structure like centro
meric ring for maintaining the spatial relationship have been demonstrated.
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