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In species of plants, where the reproduction is mainly vegetative, chromosome
behaviour in the somatic tissue has been reported to be rather unusual as compared
to those species where the reproduction is principally sexual (Sharma 1956). As
monocotyledonous species show mostly vegetative reproduction, such chromosome
behaviour has been principally reported from this group of plants . The main
feature of their chromosome behaviour is the occurrence of polysomaty in the
somatic tissue. Notwithstanding the fact that, for the sake of convenience of
securing well spread metaphase figures, such a study has mostly been confined to
roots, similar cases of polysomaty have been recorded in growing shoot apex as
well (Sharma 1956, Sharma and Sharma 1959). Their occurrence in the apical
region of the stem-the organ responsible for the origin of new shoots, indicated
the importance of such somatic variations in the origin of new individuals through
asexual propagation.
In species of Liliaceae included within the present investigation, such chro
mosomal variations have been noted to occur in several individuals of the different
species and strains. These intra-individual alterations not only involve the number
but at the same time, the structure of chromosomes as well. As the different
taxa studied in the present project have been found to differ from each other with
respect to their karyotype and chromosome number, the significance of such intra
individual variations in the origin of new genotypes needs no clarification. It has
been noted that, in all cases where such polysomaty has been recorded, the normal
karyotype for the individual occurs in the highest percentage of cells. A detailed
analysis of the variant nuclei with special reference to the role of aneuploidy, poly
ploidy and structural alteration of chromosomes in their origin was therefore
undertaken. The following text deals with cases of polysomaty noted to occur in
species of Liliaceae and some allied genera made from Himalayan collections for
a detailed cytotaxonomic investigation in this family (Sen 1972).
Materials

and methods

Materials for the present investigation were obtained during collection trips
in different parts of India, specially Himalayas, including also Khasi hills. Chro
mosomes analysis was performed with the aid of pretreatment schedules followed
by fixation in acetic-alcohol and orcein staining as reported previously (Sen 1972).
The following text deals with thirty nine species and varieties (Table) which
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on analysis, have been found to show polysomaty.
these taxa have already been outlined (Sen 1972).
Table
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(Continued)

Observations
In Eremurus himalaicus collection from Kashmir (2n=14), structural as well
as numerical alterations (Mp. 1) of chromosomes have been recorded. In this
species, normal cells are characterised by three chromosomes with satellites (Fig.
la) but the variation nuclei having the same number of satellited chromosomes show
altered morphology. It is likely, that there has been an intrachromosomal re
arrangement resulting in the translocation of satellite of one end, to the end of the
broken short arm (Fig. 1).
Kniphofia aloides (Type II)-In the Darjeeling collection of this species, in
addition to the normal chromosome number (2n=12), a high frequency of poly
somaty was noted in almost all the roots. Such polysomaty involved principally
diploid, triploid and tetraploid chromosome number, though hypertetraploidy was
not recorded. Individually taken, the diploid number has been counted in the
highest frequency of cells in approximately 40% nuclei. But the different types
of polyploidy taken together, comprised 60% of the nuclei. Origin of tetraploid
nuclei may be sought either through spindle arrest or endomitotic reduplication.
Triploid nucleus, on the other hand, may originate through partial endomitotic
reduplication involving only six chromosomes.
In the Nepal population of K. aloides (Type III), in majority of cases, roots
showed normal number, but in one root tip, polysomaty was noted involving only
one sector of the tip. Numerical variations involved principally aneuploidy show
ing 2n=8, (Mp. 2); 10 and 11 (Mp. 3) chromosomes. Such aneuploidy of hypo
diploid constitution may be traced through non-disjunction. This behaviour may
be taken to imply that the deficient nuclei survive and those with increased chro
mosome number may degenerate possibly due to shift in balance of nucleocyto
plasmic ratio in favour of the nucleus. The survival of deficient nuclei may however,
require some other interpretation. In addition, this irregular behaviour and mosaic
ism only in one sector of the root, may indicate certain subtle differences in the
cytoplasmic gradient of this sector as compared to that of the other. This may
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Mps. 1-6. 1, Eremurus himalaicus. 2 and 3, Kniphofia aloides showing 8 and 11 chromosomes
respectively.
4, K. hybrida.
5. Erythronium dens-canis,
6, Ornithogalum thyrsoides var.
grandiflorum.
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Figs. 1-13. Structural alterations in Liliales. 1 and la, Eremurus himalaicus-structurally
altered chromosomes and normal karyotype respectively. 2 and 2a, Kniphofia hybrida-structurally
altered chromosome and normal karyotype respectively. 3 and 3a, Disporum pullum Type III
-structurally altered chromosomes (3, 4) and normal karyotype (3a). 5 and 5a, D. pullum Type V
-structurally altered chromosome and normal karyotype respectively. 6 and 6a, Polygonatum
sibiricum Type V-structurally
altered chromosomes and normal karyotype respectively. 10 and
10a, Ornithogalum thyrsoides var. grandiflora-structurally
altered chromosome and normal karyo
type respectively.
13 and 13a, Urginea indica Type III-structurally
altered chromosome and nor
mal karyotype respectively.
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cause an upset in the nucleocytoplasmic equilibrium exerting an injurious influence
on the regular chromatic separation and movement. Evidences in support of this
assumption are yet to be obtained.
K. natalensis-collection from Nepal (2n=12). Only one somatic variation
has so far been recorded, showing only the tetraploid number, which might have
arisen out of either spindle disbalance or endomitosis.
K. hybrida (Type II)-collection from Kashmir (2n=12). In the same bulb,
several roots showed polysomaty, whereas others were characterised by its com
plete absence. No distinct zone of the occurrence of polysomaty could be worked
out, and varying numbers were distributed throughout the tissue. The varying
numbers that have so far been recorded are 11, 18, 19, 22 and 24 (Mp. 4) which
might have originated through spindle arrest, endomitosis, as well as polyploidy
followed by irregular behaviour. In addition to numerical variations, structural
alterations too could be observed. In one such variant nucleus, one chromosome
with constrictions at two ends was noted (Fig. 2). The origin of such a type might
have involved both breakage and translocation.
Disporum pullum-In collection from Shillong (Type I-2n=14),
numerical
alterations mainly consisted of higher number of chromosomes occurring in more
than 10% of nuclei. On the other hand, in population of species collected from
Darjeeling (Type IV-2n=30),
variant nuclei showed only 28 chromosomes.
The occurrence of such tetraploid variations may suggest that 2n=30 might have
originated through further duplication of two chromosomes in the tetraploid stage.
Such variations have been noted mostly in the cortical cells and frequency of such
variations have been found to vary between 3-30% of cells. In another population
of Darjeeling (Type III-2n=16),
a few cells with 2n=32 chromosomes have been
counted.
In addition to numerical alterations, structural changes of chromosomes have
been noted in two populations from Darjeeling (Types III and V). In one of
them (2n=16), a long chromosome was observed with two constrictions at two
ends, one being a satellite. The other chromosome had the satellite segment as
much enlarged in size. Another type of variant nuclei had only one normal
satellited chromosome, the other having two constrictions at two ends (Figs. 3, 4).
In the other population (Type V) with 2n=30 chromosomes, the variant nuclei
had only two satellited chromosomes, the other satellited pair being absent (Fig. 5).
In the genus Polygonatum, all the three species viz., P. graminifolium, P. opposi
tifolium and P. sibiricum (Type III) with 2n=30 chromosomes, show 28 chromosomes
in the variant nuclei. The frequency of such variations has been found to be so
high as to reach even 40%. In another population of P. sibiricum (Type VII)
with 2n=40 chromosomes, 36 and 38 chromosomes have been observed in the
variant nuclei. In all such cases, non-disjunction must have been the principal
factor in the origin of these variations. In P. sibiricum (Type V), structural alter
ations involving satellited chromosomes have been observed. Unlike that of the
normal plates (Fig. 6a), two chromosomes have been noted with secondary con
strictions, one constriction being nearly median (Fig. 6).
In the genus Smilacina too, such polysomaty has been quite frequent . In
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Figs. 7-15.
7 and 7a, Lilium regale-structurally
altered chromosomes
and normal karyotype
respectively.
8 and 8a, L. tigrinum-structurally
altered chromosomes
and normal karyotype
respectively.
9 and 9a, Tulipa lanata-structurally
altered chromosomes
and normal karyotype
r espectively.
11 and Ila, Ornithogalum
umbellatum
Type III-structurally
altered chromosome
and normal karyotype
respectively.
14 and 14a, Allium bakeri-structurally
altered chromosomes and
normal
karyotype
respectively.
15 and 15a, A. hypsistum-structurally
altered chromosomes
and normal karyotype respectively.
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S. fusca, (Type I) with 2n=28 chromosomes,aneuploid variations with 23, 26, 29
and 30 chromosomeshave been met with. In S. oleracea having 2n=36 chromo
somes, such variations with 23 chromosomes have been observed. The variant
nuclei have been found to be scattered throughout the cortical tissue. It is likely
that aneuploidy and possibly partial endomitosis have been responsible for their
origin.

Mps. 7-10.

7, Ornithogalum umbellatum (Kashmir).
8, Urginea indica, 9, Ruscus aculeatus.
10, R. hypophyllum.

In the genus Erythronium (2n=24), numerical variations having tetraploid
number (48) in 50% of the cells in E. denscanis have been observed (Mp. 5). This
is an example of the extent of the high frequency that polysomaty can reach in
certain roots.
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In the genus Lilium, only in one species, numerical variation was noted in one
root only. In L. maxwell, a root-tip was observed in which all cells were found to
contain 2n=12 chromosomes. It is quite likely, that, such a cell originated out
of somatic reduction at the point of initiation of the root.
Absence of any other numerical variations in other species of Lilium also
confirms that speciation in Lilium has been principally effected through structural
changes of chromosomes rather than the numerical ones. It was pointed out
long back by Stewart (1947) that species differ in Lilium with respect to their karyo
type. Presence of structural variations in the somatic cells has been observed
in the present investigation to occur profusely in L. tigrinum and L. regale. In L.
tigrinum (triploid), all the four types of chromosomes with secondary constrictions
are present in triplicate, with slight structural heteromorphicity even in the normal
plate (Fig. 8a). Metaphases have been observed with chromosome types represented
either singly, doubly or even five times amongst a number of other alterations
(Fig. 8). Similarly, in L. regale, variations have been observed with chromosomes
represented two and three times respectively (Fig. 7), instead of all of them being
present in duplicate (Fig. 7a). All these are clear evidences of structural alterations
of chromosomes in the somatic cell. This behaviour must have played an im
portant role in the origin of new species of Lilium which principally differ in relation
to minute details of the chromosome structure.
In the genus Tulipa, numerical variations could be recorded in T. lanata (2n=
36), where, in a few percent of the cells, 2n=32 chromosomes have been observed.
Structural variations too have been recorded in this species, as in some nuclei,
instead of normal chromosomes with primary and secondary constrictions located
very near to each other (Fig. 9a), chromosomes have been located having constric
tions at the two ends (Fig. 9). This might have occurred through intra-chromosomal
rearrangement in which one of the terminal segments might have been translocated
to the other end of the long arm, which in turn might have underwent slight break
age. However, the two segments at the two ends are slightly larger than the two
terminal segments in the normal nuclei. This may indicate that portions of chro
mosome arm might have been deleted.
In Drimiopsis kirkii (2n=66), the only species of the genus studied here, the
variations include 68 and 126 chromosomes. It is likely, that along with non
disjunction, the spindle abnormalities resulting into tetraploidy may occur. Nuclei
with 126 chromosomes representing hypotetraploidy might have evolved through
reduction in number as a result of non-disjunction in tetraploid cells.
In Ornithogalum thyrsoides var. grandfora (2n=12), a single root was found
to possess only 18 and 24 chromosomes, no normal number being present whereas
other roots showed both 12 and 24 chromosome (Mp. 6). It is likely, that 18 might
have come about through partial endomitosis and 24 through complete endomitosis
or spindle arrest. Sharma and Ghosh (1954) assumed such partial endomitosis
in species of Zephyranthes. All these factors are possibly playing an important
role in the origin of species in Ornithogalum. Structural alterations too have been
observed in this variety, where supernumerary constrictions (Fig. 10) are present
in certain chromosomes of the variant nuclei.
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In O. umbellatum, the Types III, IV and VI have 27 chromosomes as normal
number, but numerical variations too, have been noted . Type III shows 26 chro
mosomes in certain nuclei, possibly originating out of loss of single chromosome
through non-disjunction. In Type IV, the variations noted are 24, 26, 28 and 55
chromosomes. The first three are possibly variations from the triploid state , where
as the last one might have involved hexaploidy prior to further increase of one
chromosome. In Type VI, in roots with 27 chromosomes as the normal number ,
the variations noted are 25, 28 and 51 (Mp. 7), whereas in roots with 2n=54 chro
mosomes (Type VII), the variations noted are 46 and 48. In the first case, both
non-disjunction as well as polyploidy prior to loss of certain chromosomes might
have been involved. Structural alterations as well, have been recorded in Types
III and IV. In Type III, the variations involve a pair of single satellited chro
mosome (Fig. 11), whereas the normal has a heteromorphic pair (Fig. 11a). Simi
larly in Type IV, the variant nucleus shows a pair of single satellited chromosome
(Fig. 12), whereas the normal has only one chromosome with a tandem sat (Fig. 12a).
The extensive role of numerical and structural alteration of chromosomes
along with the clonal propagation as factors in the evolution of different species
and varieties of Ornithogalum is clearly indicated.
In Urginea indica, Types III and VIII, only one root tip each has been found
to show polysomaty, though a large number of roots were studied. In these cases,
frequency of polysomaty, involving hypo or hypertetraploidy (Mp. 8) has been
recorded in approximately 60% of the nuclei. But majority of the roots show the
normal number. Structural alterations are present in Type III, where the satel
lited pair of chromosomes (Fig. 13a) of the variant nuclei has been replaced by a
pair of chromosomes with constrictions at two ends (Fig. 13). It has been shown
(Sen 1972) that the populations of U. indica differ in relation to the degree of poly
ploidy. Such populations might have originated through clonal propagation.
In Allieae of Amaryllidaceae in seven species, numerical variations have been
observed.
In Brodiaea uniflora (2n=12), tetraploid number has been counted in a few
nuclei.
In Allium hookeri (2n=22), polysomaty involves various numbers mostly
around the tetraploid level. In this case, frequency of different types of variations
has been found to be as high as even 53%. In A. bakeri (2n=32), variant nuclei
show only 30 chromosomes. Similarly in A. stracheyii Type VI (2n=48) and A.
victorialis (2n=36) 44 and 72 or even higher number of chromosomes are noted in
variant nuclei respectively. In A. porrum (2n=32), the variations mostly involve
hypodiploid number, though only in one root, higher number in a very high frequ
ency (more than 50%) has been observed. Individually taken, the normal number
i.e. 2n=32 chromosomes occurs in the highest frequency of nuclei.
Structural alterations have also been noted in A. bakeri, as in the variant nuclei,
three chromosomes have been shown to have satellites (Fig. 14), instead of two as
in the normal (Fig. 14a). Such alterations might have come about through a
break in the tandem satellite, and translocation of one satellite over a non-satellited
chromosome, the joining end of which might have undergone minor deletion. In
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A. hypsistum similarly, three sat chromosomes have been counted as variations
(Fig. 15) instead of two as in the normal (Fig. 15a). Moreover, the short arm of
one satellited chromosome is distinctly longer than the other.
In the family Ruscaceae, both Ruscus aculeatus (2n=40) and R. hypophyllum
(2n=40) show chromosome number other than the normal in altered nuclei (Mps.
9, 10).
Discussion
The data as presented above, reveal cases of polysomaty as a frequent feature
in a large number of species and strains. In majority of the species, such variations
have been noted within the same root showing the normal complement in a very
high frequency. But at the same time, in several species such as Kniphofia aloides,
Lilium maxwell, Urginea indica (Types III and IV) and Allium porrum, such a
behaviour is shown to be restricted in a single root, the rest of the roots showing
normal division. In such cases, it is apparent that, the genetic changes responsible
for polysomaty have been operating at the point of initiation of the root.
Polysomaty has been demonstrated in the above data, to involve both numerical
and structural variations. Of the numerical variations, polyploidy and aneuploidy
have been recorded. In majority of cases, aneuploidy is frequent.
Mode of origin of polysomaty
The origin of such nuclei with varying chromosome number may involve
various cytological mechanisms. It is difficult to attribute the origin of polysomaty
to non-disjunction alone. Non-disjunction which is an aberrant chromosome
behaviour, should then be assumed to occur regularly in somatic tissue. This im
plication is yet to be fully verified. At the same time, non-disjunction results in
equal number of nuclei with the decreased and increased number of chromosomes.
The observations so far carried out, not only during the present investigation but
as well as by previous authors, do not provide clear evidence of this possibility.
Therefore even though this behaviour may account for this instability of the chro
mosome number, it cannot be regarded as the principal source of variations.
The other possibility is the endomitotic chromosome duplication involving
entire chromosome set or certain chromosomes of the complement, to be more
precise-partial endoreduplication. Such a mechanism may easily give rise to
a large number of polyploid and aneuploid cells. The possibility of partial endo
mitotic reduplication playing at least a role in polysomaty has been shown by
Sharma and Ghosh (1954) in species of Zephyranthes, belonging to the family
Amaryllidaceae. In that case, cells were recorded in the somatic tissue showing
chromosome numbers as 30, 36, 42 and 48. The normal number being 2n=24,
such endomitotic reduplication involved only a specific number of chromosomes
of the set.
As polysomaty has been found to be a regular feature, in most species of plants
reproducing through vegetative means, the mechanism leading to such unusual
chromosome constitution appears to be under genic control. This behaviour has

748

S. Sen

Cytoloia

38

a distinct advantage in relation to the origin of the new genotypes, and such genic
characteristics have an adaptive value. It is evident that structural alterations
too, involving fragmentation, and translocation are effective as structurally altered
chromosomes too have been encountered. The genic control of such an abnormal
chromosome behaviour, advantageous to the species, has led to polysomaty, in rela
tion to both structure and number of chromosomes, as a frequent feature in such
a specialized category of plants.
It has been emphasized by Sharma (1956), Sharma and Sharma (1959) that
structural alterations have more chance of survival compared to numerical varia
tions in these species reproducing profusely through vegetative means. Sen (1972)
claimed that several such strains differ in relation to karyotype but not necessarily
in number. It is quite likely, that origin of such strains, where sexual reproduction
has not been so effective, might have involved participation of such structurally
altered karyotypes of the parent plant into the formation of the daughter shoot.
Cause of origin
Such irregular mitotic behaviour might originally have been influenced by a
change in external environmental factors inducing difference in cytoplasmic gradient
in different sectors of the somatic tissue. Polysomaty, whether in the sector of a
root, individual root, or in all roots, may be an adaptive feature with respect to the
zone of operation of the environmnetal disbalance. At the initial stage, polysomaty
must have originated out of gene-environment interaction at different levels of tissue
growth. This is possibly the principal factor causing polysomaty. In most of
the dicotyledonous species, that such gene-environment interaction apparently is
not upsetting the balance and the chromosome behaviour is mostly regular. The
monocotyledonous members, where the propagation is mostly vegetative, are
genetically more susceptible to change by such environmental interactions, in view
of the advantage of such susceptibility to the origin of new genotypes and in a
wider sense-new species. The genes for susceptibility having a selective value in
this category of plants, have survived competition in evolution.
The other possibility is that considerable hybridization at varietal level, result
ing in abnormal mitotic behaviour might have occurred at the initial stage. Ab
normalities have been kept up due to their gradual dependance on vegetative pro
pagation and advantages in speciation. But such an alternative is precluded, in
view of the fact that most of these species are stable in nature and under cultivation,
and cannot be referred to as hybrids (excepting Kniphofia hybrida). Even if there
had been any species or varietal crosses, that must have occurred at an early period .
The mode of origin of such abnormalities may also apparently be attributed
to cultivation. That is, those which are widely cultivated for their horticultural
importance, have originated out of conditions existing under cultivation . But as
similar polysomaty has been noticed in several wild species of Disporum, Poly
gonatum and Smilacina, growing in the Himalayas, it is not possible to attribute
such behaviour to horticultural practice.
On the basis of the discussion as presented above, of the possible modes of
origin of the abnormal behaviour, it may be inferred that selection under vegetative
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reproduction has allowed genes susceptible to environmental changes being main
tained against comparatively non-susceptible genes. Such minute disbalance in
equilibrium between cell-environment
relationship possibly at the molecular
level, is likely to be a recurrent feature, but it does not affect the comparatively
resistant genes to the extent to which it can influence the susceptible genes.
Characteristics of variations
Aneuploid variations may originate out of non-disjunction or endomitotic
reduplication. In most cases, these involve chromosomes with secondary con
strictions. Both in cases of numerical and structural alterations, such chromosomes
are affected, though other chromosomes too may be altered in several cells. As
constriction regions are principally heterochromatic, it is likely, that heterochromatic
segments are to some extent related to this regulated, so-called mitotic aberration.
It has been suggested in the previous part of the discussion that genes susceptible to
environmental changes have possibly survived in competition. Various authors
(Levan and Lotfy 1950, McLeish 1952, Sharma and Bhattacharyya 1956) reported
that heterochromatic segments, specially of the secondary constriction regions,
are more susceptible to the action of external agents. Therefore, the polysomaty
studied here involving mostly chromosomes with secondary constrictions, provide
further support to the inference as outlined in the preceding part that susceptible
genes have been maintained in selection. It may be argued that mere change in
heterochromatic segment may not involve qualitative changes essential for the
origin of species. But it is to be stressed, that along with heterochromatic genes,
several euchromatic genes too are likely to be susceptible to environmental changes,
though only the effect in heterochromatic segments is conveniently detected. This
very detection serves as an index of the fact that susceptible genes are responsible
for polysomaty.
Significance in adaptation and speciation
The wide frequency of abnormalities recorded in several species, has a distinct
role to play in the origin of new genotypes through vegetative propagation.
If
such abnormal karyotype enters into the growing tip of the daughter shoot, new
shoots may originate with a genotype different from the parent.
On being detached
from the parent plant, it may later become a new individual.
In case, such new
genotypes have selective value, their survival in nature is quite expected. This is
the reason why, in species of Ornithogalum, Disporum, Smilacina and Polygonatum
as recorded here, a large number of individuals with chromosome numbers differing
from each other have been found at the intraspecific level. These species, collected
from different altitudes of Himalayas have shown wide variation in chromosome
number in different populations.
In absence of widespread and effective sexual
propagation,
the origin of such genotypes can only be traced through vegetative
reproduction
and somatic mutation.
This method has given these species wide
adaptability under varying environmental conditions.
Species of Disporum, Smilacina and Polygonatum are distributed at an altitude
of 6000'-12-13000',
even in extreme alpine conditions in the Himalayas.
Such
,chromosomal variations associated with different adaptive characters have resulted
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occasionally into detectable differing phenotypes, even within the same species,
growing at different ranges. The best example is being provided by differing
phenotypes of P. sibiricum, though the cirrhose leaf of which at least, has kept all
the populations within the single species.
Nucleocytoplasmic balance
In the maintenance of normal cell metabolism including regular cell division,
the control of DNA/RNA balance in the cell is significant. This ratio between
chromosomal DNA and cytoplasmic RNA is quite likely vital to the cell. But
in these cases, where somatic tissue is characterised by variations or mosaicism in
behaviour, the balance is presumably upset, but even then, the cell divides. How
then the nucleocytoplasmic ratio which is vital to the cell is maintained in such
cases? It has been suggested (Sharma 1956), that, possibly in such cases, the
balance is maintained in the tissue taken as a whole, that is, between the entire
cytoplasm and the nuclear complement of the tissue, rather than of the individual
cells. In case of non-disjunction, loss in one is compensated by gain in the other.
However, such compensating effect is not expected in endomitotic reduplication,
unless non-duplication too involving some of the chromosomes is presumed to
occur. In any case, the validity of the above assumption can only be tested through
a quantitative estimation of the cytoplasmic RNA and nuclear DNA of the entire
tissue. On the other hand, this absence of balance at the individual cell level is
extremely advantageous to such specialized organisms reproducing profusely through
vegetative means, where such disbalance again contributes to further irregularities
resulting in somatic mutation and the origin of new genotypes.
Summary
The paper deals with polysomaty in thirty nine species and varieties of Liliales,
collected from different parts of India.
The polysomatic behaviour has been shown to involve the occurrence of struc
turally and numerically altered chromosome complements in the somatic tissue
along with the normal complement. Aneuploid and polyploid variations as well
as the zone of occurrence have been recorded.
It has been inferred that both non-disjunction as well as endomitotic reduplica
tion involving all or a few chromosomes of the set are responsible for such poly
somaty. Evidences show that fragmentation and translocation are responsible for
structural alterations.
Of the numerical and structural alterations, it has been deduced on the basis
of the data, that the latter plays a more important role in the origin of new geno
types as compared to the former. Genes susceptible to minute change in cell en
vironmental balance are selected and maintained in this category of plants .
Heterochromatic regions which are more susceptible to environmental effects are
mostly involved in structural alterations.
The suggestion that the nucleo-cytoplasmic balance at the tissue rather than
at the individual cell level is maintained in this category of plants , has been supported.
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