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cell, for its very survival and growth, 
necds the entire genetic thread which 

contains all the vital genes for their life 
processes to continue. 

The variability is generated in the 

prokaryotic system through transforma-

tion, transduction and conjugation in 

addition to mutation. One of the unique 

features, however, in gene transfer is 
that a part of the donor gene can be 

unidirectionally transferred to the re- 

ceptor. The recombination opportunities 
are limited and often need a vector, as 

In a discourse on the evolution of 

an eukaryotic cell and chromosome, it 

would be necessary to deal with the 

structure of prokaryotes, their funda- 

mental differences from eukaryotes and 

finally to discuss the ways through which 
the eukaryotic system has developed. 

Structure of Prokaryola 

In Prokaryota, the gene bearing struc 
ture is merely a DNA molecule or geno-
phore. The length of the genophore or 

DNA molecule reflects the number of 

genes present and there is very little of 

non-genic material. Evidently, the lincar 
array of genes arranged in one linkage 
group might have developed a strong 
selective advantage. 

In absence of a typical mitotic mecha- 
nism for separation, such linear aggrega- 
tion of genes in one molecule facilitates 
their equitable distribuiton in the two 

daughter cells arising out of fission. The 

in case of transduction. This is in strong 

contrast to eukaryotic genetic system 
where recombination affords ample op- 
portunities for generating variability. 

Structure of Eukayota 
In Eukaryota, the chromosome struc- 

ture is complex with morphologically and 

functionally differentiated segments of 

chromosomes. Even in the genome, 

DNA molecule remains attached with the there are functionally differentiated sets 

membrane and replicates. With thhe 

elongation of the cell membrane during 
fission, the sister molecules become sepa-

rated from one another. This forms an 

of chromosomes such as nucleolar and non- 

nucleolar organizing ones, all of which 

are encased within a nuclear membrane, 
a structure unknown in the prokaryotic 

effective mechanism for each sister cell to 
have a complete copy of the master plate 

encoding genetic information. In view 
of the almost complete absence of re- 

dundant genes, it is imperative that the 

system. 
The prokaryotes, as the fossil evidences 

go, have been traced back to nearly three 

billion years, whereas, the eukaryotes to 

one billion years. In spite of the absence 
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ship permitted the cells to utilize solar 

energy responsible to carry on photo- 
synthesis as well as other measures of 

metabolism. Lynn Margulis visualizes 
in addition, an intermediate symbiotic 

relationship with Spirochaete type of pro- 

karyotes 
evolution of plants was associated with 

the capture of photosynthetic ability of 

bacteria, whereas animal evolution did 

not involve any such mechanism. 

Several 

of any fossil evidences connecting the 

two, the relationship between these two 

principal groups have been assumed in 

view of the universality of the genetic 
code. 

In the eukaryotic system, in addition 
to nucleus and nuclear membranc, a 

to acquire motility. The 

number of organelles have evolved, all 

of which do not necessarily have mem- 

Lysosomes, peroxi-
somes and several secretion granules may 
have a single membrane. Ribosomes do 

not have a membrane, but the two cssen- 

tial structures-chloroplastids and mito 

branes of their own. 

authors have presented 
evidences of the endosymbiotic origin of 
cell organelles, including chloroplastids 
mitochondria, microtubules, centriole and 
flagella. The similarities have been shown 
in the nature of the genetic material, 

proteins and protein synthesizing systems 
(Schnepf, 1971). The DNA of chloro-

plastids and mitochondria are double 
stranded and circular like those of bac 
teria. Their replicating mechanisms, too, 
are identical. To some extent even blue-

chondria have well defined membranes 
of their own. Except for Trichomonads, 
all eukaryotes have a distinct membrane 
and contain mitochondria, whereas chlo-
roplastids are essential organelles in 
green cells of plants. 

Origin of organelles : 
Several views have been expressed 

regarding the origin of eukaryotic system. 
The endosymbiotic theory (Sagan, 

1967; Margulis, 1970, 1976; Reinert 
and Ursprung, 1971 ; Evstigneev, 1975; 
Buclow, 1976 Hanson, 1976; vide 
Sharma, 1978) visualizes the origin of 
complex eukaryotic cell from prokaryotic 
endosymbionts. It is suggested that an- 
cestral forms included both heterotrophic 
and photoautotrophic types, the latter 
having the property of utilizing solar 

green algae have a similar structure 

(Remsen et al., 1968 ; Bennett and 

Radcliffe, 1975). The grana and stacking 
of photosynthetic lamellae of chloro- 

plastids find similarity with bacteria like 
Ectothiorhodophora mobilis. 
somes and their subunits of chloroplastids 
and mitochondria of prokaryotes are 

quite different from those of 80s eukaryotic 
cytoplasm. All these evidences suggest 

The 70s ribo-

an endosymbiotic.

However, such an origin has involved 
a significant loss of autonomy of the 

organelles during evolution. It has been 
shown that the fabric of the mitochondria, 
its outer envelope and several proteins are synthesized outside the mitochondria under nuclear genetic control (Baxter, 1971). No doubt, DNA of mitochondria can undergo recombination but its trans mission is dependent on the nucleus, as best exhibited in Saccharomyces, human and man-mouse hybrid systems (WilkOC, 

In course of evolution, an energy. 
amoeboid prokaryotic form engulfed an 
aerobic respiring bacterium and a me- 
chanism of endosymbiosis developed. Si- 
milar engulfing resulted into endosym- 
biosis with photosynthetic prokaryotes such as blue green algae 
synthetic bacteria, some of which were 
even motile. The gradual evolution 
resulted into the loss of motility of the 
cels and semiautonomy of mitochondria 
and the chloroplastids. The relation-

or photo 
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Morcover, the mitochondria, at least 
in certain organisms, such as in yeast 

have been shown to have no DNA, though 
they consistently produce new 
chondria. 

1973; Saccone and Quagliaricllo, 1975). 
In fact, the degree of autonomy in the 

genetic system of mitochondria can be 
judged from the very fact that in animal 
systems its protein synthesizing capacity 
is confined to only 30 gencs (Kislev and 
Eisenstadt, 1972). Similar nuclcar control 
has been noted in species of Paramoecum 
and Saccharomyces (Beale and Knowles, 
1976; Trembath et al., 1975; Tzagoloff 
et al., 1975). 

As compared to mitochondria, there 
is a considerable degree of autonomy of 

the plastids. In Euglena, the protein 
synthesizing capacity is restricted to 300 
genes in chloroplastid DNA. In Chlamy 
domonas, however, several photosynthetic 
enzymes have been shown to be under 
nuclear control. 

mito-
In spite of the defective 

system, such an occurrence is regarded 

as going against thc concept of bacterial 

origin. 
For chloroplastids, the concept of 

cndosymbiotic origin appears to have 
a strong foundation. 

have even shown that chloroplastids can 
be reproduced outside the cell in cell 
free culture, indicating their capacity for 
independent existence. 

The fundamental difference between 

Recent researches 

the theory of endosymbiosis and the simple 
prokaryotic origin involves a distinction 
between parallel and convergent evo- 
lution. The endosymbiosis theory implies 
that the prokaryotic organisms involved 
in symbiosis resulting into mitochondria 

and chloroplastids still maintain their 
similarities due to parallel evolutionary 

Bogorad and others 
(1975) have suggested a dual control for 
chloroplastids, two being located in the 
chloroplastids and one in the nucleus. 

Even though there are strong evidences 
in support of the organclle origin through 
endosymbiosis, there is an alternative 
idea of the origin of mitochondria by 
differentiation from portions of a single 
ancestral prokaryotic cell (Stanier, 1970; 
vide Taylor, 
origin of chloroplastids and mitochondria 
has been suggested by Mahler and Raff 

(1975). Cavalier-Smith (1975) has visual-
ized the origin of eukaryotic system 
through a single-celled, facultative, non- 

nitrogen-fixing blue-green alga. All the 
organelles have been visualized to have 
originated through cell compartmentation 
(Fogg et al., 1973 ; Oakley and Dodge, 

1974; Pickett-Heaps, 1974). Just as the 
nucleus, the lysosomes, 
through the cell structure itself, the need 
for an efficient machinery for respiration 
ensured by greater volume devoted to 

respiratory chain in the plasmalemma 
might have proved to be of high adaptive 

modifications. The way through which 
such a state can be maintained through 
several billions of years has no precedence. 
The concept of organelle origin through 

differentiation within single cell structure 
implies the origin of the systems through 
convergent evolution because of similar 
selection pressures on different gene com- 

ponents, in organelles and prokaryotes. 
The apparent similarities are due to 

convergent evolution and merely super- 

ficial. 
The extent to which similar selection 

1976). A non-symbiotic 

pressure can be operative in differentiated 

and non-differentiated systems is difficult 

The simple prokaryotic 

origin of eukaryotic cell presuppose the 

genes of eukaryotes have evolved from 
prokaryotes, the evidence being derived 
mainly from the universality of the genetic 

code. Recent findings indicate that genes 

of eukaryotes vis-a-vis, the chromosomes 

etc. evolved to visualize. 

valuc. 
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consist of contiguous and non-contiguous 
base sequences unlike prokaryotes. There 

are series of intervening base sequences 

of varying length termed introns between 

sequences which are translatable or 

exons vide Darnell (1978). The basc se- 

quences from the DNA during gene action 
are first transcribed in its entircty includ- 

ing introns and exons and from this 

primary transcript, selected pieces are 

cleared or spliced off and the translated 

sequences are further ligated. 
this "splicing" property-so characterisitc 
of eukaryotes-the translated transcript is 
much shorter than the primary transcript. 
Adenovirus infected tissues show a series 

vening sequences were present since the 

beginning of evolution of eukaryota, and 
both pro and eukaryotes had independent 

lines of evolution. The proponents of the 

latter theory discard the concept of ine- 

sertion and late origin on the basis that 

it would require innumerable mutations 

which is rather unusual for such an 

The universal eukaryote character. 
similar type of introns in rabbit and mouse 
is also an evidence in favour of inde-

pendent origin as it would have required 

a long antecedent period of evolution 
to have such similar structures established 

in their DNA. Pontecorvo's theory of 
discrete control elements located in differ 
ent segments for the expression of one 

character also goes against a typical 
polycistronic operon type of functioning 
in eukaryotes. All these evidences taken 
in conjunction with the fundamental 

differences of pro and eukaryotes as dis- 
cussed above, led Darnell to postulate 
an independent origin of eukaryota. An 

other characteristics which argument advanced against the pro- 
karyotic origin is the absence of any rationale of abandoning a simple coordi-
nated genetic structure in a single genetic 
thread of prokaryotes in favour of a 

complex inter-chromosomal mechanism on 
eukaryotes. In eukaryotic system, com plexity is further provided by the evidence 
that chromatin is composed of a complex of histones and DNA organized into 
nucleosomal subunits. All the sequences, including the transcribable ones, consti 

Due to 

of 13 long primary transcripts, rabbit 
hemoglobin genes possess introns of 550- 
600 base pairs and tRNA of yeast has an 
intron of 15 base pairs. 
evidences of this type indicate that the 
splicing off property is universal for all 

higher organisms. 
Along with this outstanding "splicing'" 

Innumerable 

property, 
differentiate an eukaryotic genetic strand 
from a prokaryotic one involve also the 
processing of messenger RNA. In eu- 
karyotes, the mRNA is always capped 
at 5'terminus as well as there is a long 
polyadenylic acid sequence (Poly A) at- 
tached to the 3 terminus. These features 
appear after the formation of primary 
transcripts and as such are products of 
post transcriptional events. 

The theory of the origin of "splicing" 
property goes back in a large measure to 
the concept of the origin of eukaryota. 
According to some authors, the splicing 
property arose simultaneously with due 
evolution of cukaryotes from prokaryotes, 
the non-contiguous sequences arising 
anew, and the insertion of control elements 
being an associated feature just as trans 
posons of maize. On the other hand, 
several authors consider that those inter 

tute these subunits. 
The factors which 

determine, facilitate or restrict trans cription are yet to be explored. The spe cial features of transcriptionally active chromatin sequences need to be analysed. The importance of histones even in de- repression of gene activity is gradualy realized. It is claimed that acetylation, phosphorylation or methylation of basic residues of histones may be responsible 1or 
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bolites has been suggested by Kubai 

(1975), Berlin and Oliver (1975) and 

others. With the gradual evolution of 

complexity of differentiation, the delimit 

ation of the genetic material by an 

envelope possibly became imperative. 
Such a mechanism ensured the replication 
and transcription of genetic material, 

unhampered by intra and extracellular 

factors. 

depression. Thus, in absence of definitec 

evidences of a convergent evolution, the 

evidences in support of an independent 

origin of eukaryota, and the fact that 

mitochondria and the chloroplastids have 

clear similarities in their genetic com- 

plement, the theory of endosymbiosis 

stands on a stronger foundation with the 

possibility that one of the partners might 
not have been prokaryote with its typical 

genetic complement. 
Whatever might be the mode of origin 

of the cell organelles in a eukaryotic 

system, their chromosomal control can 
chromosomal control on the cell organelles 

hardly be questioned at present. 

way through which such a control has 

originated, resulting into semi-autonomous 
state of the organelles, is yet to be in- 

vestigated. 

Suggested mode of origin of control: 

The mechanism through which the 

has evolved is yet not fully explored. 
Evidences from different organisms indi-

cate that the organelles originating as in- 

dependent units had to transfer certain 

genetic units of control to ihe host chro-

mosome or more precisely, genetic thread 

in the nucleus during the course of evo- 

lution. In spite of absence of any direct 

evidence of the transfer of controlling 

units to the chromosome, the analogy can 

be drawn on the prokaryotic gene transfer 

to eukaryotic chromosome during malig- 
nant transformation. Further, the hybrid- 
ization of mitochondria and nucleus re- 

The 

Nuclear membranes 
In the origin of chromosomal control 

of cell organelles, the importance ofa 
nuclear membrane in eukaryota de 

marcating the genetic material or more 

precisely chromosomal DNA, from the 
cytoplasm is of special significance. There 
are several lower forms of eukaryotes, 
such as certain fungi, where nuclear 
membrane is present, but the centrioles, 
equatorial plate and spindles are absent. 
The nuclear 

ported by DuBuy and Riley (1967) is 

significant. Such hybridization might 
have involved repeated segments retain- 

ing homology between mitochondrial 

DNA and nuclear DNA. 
membrane in eukaryotes 

It has been serves as an intermediary in the nucleo- 

cytoplasnic transfer of gene products 
as well as in the formation and perpe- 
tuation of mitochondria, chloroplastids, 
endoplasmic 
organelles (Kaufmann and Gay, 1958; 
vide Kasper, 1974 ; Agutter et al., 1976). 
Evidences indicate a sort of continuous 

suggested (Sharma 1976, 1978) that in 

the course of evolution from prokaryotic 
to eukaryotic system, certain parts of 

the genome having vital controlling genes 
of mitochondria 

reticulumn and other 
and plastids or their 

precursors were transferred to the chro-

mosome. This transfer was of selective 
membrane system within an eukaryote 
cell. Chiarelli (1974) claimed that the 

chromosomes remain attached to the 
annuli of nuclear envelope, whereas the 
importance of the latter in chromosome 
movement and transportation of meta-

value as it ensured harmony and syn- 

chrony of the cell as a whole. 

sertion of extra chromosomal genic ele- 

ments in the chromosomes might have 
been facilitated due to presence of non- 

contiguous sequences. 

The in- 
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Evolution of complexity of chromosomes: 
The chromosome structure of the eu 

karyotes with its vast complexity has gra 
dually evolved in which Dinoflagellates 
might have represented an intermediate 
step. In this group of algac, the nuclear 

membrane delimiting the nucleus and 
cytoplasm is present, but the structure 
and behaviour of chromosomes show 

formed by a large number of segments. 

The localization of centromere thus repre 

sents an evolutionary advance. 

Simultancously with the progress of 

specialization of chromosome structure, 

there has becn a development of euchro- 

matic and heterochromatic segments, the 
latter mainly being concerned with the 

quantitative genes. Such heterochromatic 

segments, in genera like Trillium, Fritillaria 

and Paris, are present in large numbers. 
Such a state may be considered as less 

specialized in view of the fact that a 

common function is performed by several 

primitive features (Godward, 1966 ; Soyer 
and Haapala, 1974; Locblich, 1976). 

The chromosomes are morphologically 
identical to eukaryotic chromosomes, but 
chemically different in the absence of 
histones. In the separation of chromo 
somes to the two poles in absence of a 

mitotic mechanism, an intermediate be- 
haviour is noticed. 

The localization of hetero segments. 
chromatin in mostly centromeric and 

telomeric regions, noted in most of the 
advanced forms is an indication of evo- The chromosomes 

lutionary progress. Similar advancement 
has also been noted with the decrease 

attach themselves to the periphery of the 
membrane which lengthen with the ex 

tension of rigid channels in the cytoplasm 
controlled by microtubules. The micro- 
tubules, however, are not formed within 
the nucleus. 

in the number of nucleolar segments in 
otherwise diploid species where a single 
nucleolar organizing region is capable 
of organizing the nucleolus in the haploid The presence of several linkage groups 

or several chromosomes in the eukaryota is directly related to an efficient trans- 
port system on mitosis assuring of an 
equitable distribution of genes in the 
daughter nuclei. Such discrete linkage 
groups also add to the efficiency of re 
combination during sexual reproduction, for which a perfect mechanism has been evolved. In order to have an efficient 

set. 

Simultaneously with the gradual ad- 
vance in the morphology of chromosomes 
delimiting functional segments, there has 
been a progressive differentiation of 
sequence complexity of DNA. Since the 
discovery of the existence of repeated 
Sequences by Crick in eukaryotic chro 
mosomes, such repeats have been noted 
in heavy amounts in majority of the 
organisms. 

recombination mechanism, non-contiguous 
sequences facilitating transfer proved to be of great advantage. 

The evolution of complexity of chro mosome structure has been associated 

They are present as major, 

initially with the delimitation of certain segments meant for generalized function such as spindle organization. In the pri mitive form, such as Conjugales, as well as species of Luzula in Juncaceae, the centromere structure is diffused or poly-centric where a c ommon function is per- 

moderate and minor repeats in addition to unique sequences. Such sequences are now regarded to have some function related to control. 
Recent studies have yielded discrepant results regarding correlation of the amount of DNA and evolutionary status of an 

eukaryote species and its degree of differ 
entiation. This is possibly because of thehigh amount of repeated sequences o DNA in the chromosomes of higher organ 
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As evolution is not anti-expectancy. 

cipatory, their potential role in evolution 
isms. Such genetic redundancy has been 
noted in plants, animals and even human 
systems. Information with regard to such 
additional genetic elements 
nebulous, but the indications are that 
their occurrence is univerasl in eukaryotic 

need not be considered as a measure of 

is still their function. 

However, it is true that evolution is 
not a premeditated proccss, but the pre- 

sence of such a vast amount of molecular systems. Their very existence may suggest 
a strong selective advantage and recent 

studies indicate their role as spacers, 

loci of accumulation of mutations or 

sequcnces surviving against the rigors of 

selection, be it phenotypic or cellular, 
can hardly be visualized. 
tions of a significant proportion of re- 

peats has already been demonstrated the 
functions of the rest of the sequences may 
await a further understanding of the 

complexity of evolutionary mechanism. 

Thus, in a sense, the evolution of 

As the func-

even control of differentiation. Another 

factor of special importance is the abscnce 

of correlation between the chromosome 

number and genetic complexity 

adaptability of the species. Some of the 

additional genetic elements might have 
simply contributed to the tolerance of it, 

without adding to the dosage of genes 

containing unique qualitative characters. 

The best example is provided by the 

family Compositae, which, in majority of 
the taxa, has a very low chromosome 

number, though as a taxon, it is ranked 

as highest among the dicotyledons. Simi-

larly, the haploid set of the human 

genome contains 3x 10* base pairs as 

against lilies and amaryllids which have 

nearly 20 times DNA, as compared to 

that of human genome. 

and 

chromosome structure has involved the 

delimitation of functional segments of 

chromosomes and the emergence of se 
quence complexity of DNA. The progres- 

sive specialization of qualitative complexity 
of chromosome structure in eukaryotic sys 

tem is directly correlated with the differ- 
entiation of cells, tissues and organs and 
the metabolic pathways which the genes 
control. 
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