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CELL CYCLE AND CELL DIVISION

Are you aware Lhal all ovganisma, even Lhe largesl. start (hetr life rom a
single cell? You may wonder how a single cell then goes on o form such
large organisms. Growih and reproduciion are characterstics of cells,
indeed of all iving organtsms, All cells reproduce by dividing into two,
with each parental el giving rise to two daughter cells each tme they
divide These newly formed daughiter eells can themselves grow and divide,
gtving rise to a new cell populalton that ts lormed by the growth and
division of 4 single parental cell and 1ts progeny. In other words, soch
cyoles of growth and division allow a single cell to form a structure
cotisisting ol millions of cells.

10.1 CegrL Cyoix

Cell diviston Is a very importanl process (i all living organtsms. During
the division of a cell. DNA replication and cell growih also take place. All
these processes. Le.cell division, DNA replication. and cell growili. lienos,
have lo lake place in a coordinaled way (o ensure cormreel division and
formation of progeny cells contalning mtact genomes. The sequence of
evenis by which a cell duphcates lis genome, synihesises the ofher
constituents of the cell and eventually divides tnto twp danghier celis s
Lermed cell oyele. Although cell growih [In lerms ol eyloplasmie increase)
I8 a continuons process, DNA synthests ocours only during one spectfic
slage in the cell evele. The replicated chromesomes (DNA) are (hen
distributed (o danghter nucletd by a complex series of events dunng cell
division. These everiis are themselves under genelic control
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10.1.1 Phases of Cell Cycle

A typical eukaryolic cell oyele 1s lustrated by
Imman cells in culture. These cells divide once
in approxtmalely every 24 hours [Figure 10, 1)
However, this duration of cell cycle can vary from
organism (o organism and also friim cell Lypre
to cefl type. Yeasl for example, ¢an progress
through the cell cycie tn only about 90 minutes.
The cell cycle ts divided tnto two basic

phases:

e Interphase

e M Phase (Mitosis phase)

The M Phase represezils Lhe plase whezn e
aciual cell division or milosts occurs and the
inlerphase represents the phase belween (wo
suecesstye M phases. [U s siontficant to note that
i the 24 hour averace duration of cell cycleof a
hmuman cell, cell division proper lasts for only
about an hour. The interphase lasts more than
0590 of the duralon of cell cyele.

M Pl

Figure 10.1 A disgremmotic viow of exll cyele
rphicating Irmation of two orells
fromn e ol

The M Phase starts with the mutlear division, cormresponding (o the
separalion of danghiter chiromosomes (karyokinesis) and usually ends
with division of cyloplasm (cytokinesis). The interphase, though called
the resting phase, ts the tme durng wilch the cell 1s preparing for division
by undergping hoth cell growth and DNA replicalion in an orderly manner
The tnterphase 1s divided tnio three furiher phases:

& (G, phase(Gap 1)
¢ S phase (Synthesis)
s (G, phase (Gap 2)

G, phase corresponds 1o the inilerval between milosts and infliaiton
ol DNA replication. Durng G, phase the cell 1s melabolically active and
contnously grows but does nol replicate s DNA. S or synthesls pliase
marks the pertod during which DNA synthesis or replication (akes place
During this tme the amount of DNA per cell doubles. I the tnitial amonnt
of DNA 15 denoted as 2C then 1L increases 1o 4C, However, (here 1s no
ricrease in the clwoniesome rrmber; I the cell had diplodd or 2n number
., even aller S phase the number of chromosomes

of chrommosanes Al G]
remains the same, Le., 2n.

In antmal cells. during the S phase, DNA replication begins in the
muclens, and the centriole duplicates I the cytoplasm. During the G,
phase. proteins are synthesised in preparatton for mitosis while cell growth

conlimnnes.
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Samie cells in the adult antmais do nol appear o exhibit diviston fe.g.,
heart cells) and many other cells divide only occasionally, as needed (o
replace cells that have been lost becanse of Injury or cell death. These
cells that do not divide [arther extt G, phase (0 enler an Inactive stage
calied quiescent stage (G of the (:t'!l cycle. Cells i this slage rematn
metaholically active but no longer proliferate unless called on o do 2o
depending on the requirement of the organtsm. _

In antmals, mitote cell diviston 12 anly seen in the diploid somatic
cells, However, there are few exceptions (o Lhis where haploid cells divide
by mitosts, for example, male honey bees. Asminst (his, the plants can
show mitotic divisions in both haploid and diplotd cells. From vour
recollection of examples of altermton of generations m plaois (Chapter 3)
identtiy plant species and stages al which mitosts s seen tn haploid cells,

10.2 M Prase

Thi= 15 the mosi dramatie period of the cell cyele, thvolving a major
reormmisailon of virtually 5l components of e cell. Sincee (he pumber of
chromosomes in the parent &nd progeny cells s the same, 1L 15 also callel as
equational diptston. Thongh for convenlence mitosts has been divided
it four stages of nuclear division fkal'yulﬂmﬂis] il 5 very essenlial Lo
undersiand that cell division is a progressive process and very clear-cul
Ines cannol be drwn between varlous Slages, Karyokinests tnvolves
[ollowtng four stages: '

e Prophase

e Metaphase

e Anaphase

# Telophase
10.2.1 Prophase

Prophase which 1= the first stage of karyokinesis of mitosts follows the
S:and Gy phases of inlerphase. In the S and G, phases the new DNA
molecules formed are not distinet but tntertwined. Prophase 1s marked
by Lthe fnttatton of condensation of chromosomal matertal. The
chromosomal malertal becomes untangied during the process of
chromatin condensation (Figure 10.2 a), The centrosome, which had
undetoone duplication durng S phase of interphase, now begins (o move
\owards oppostte peles of the rell. The completion of prophase can thus
be marked by the following characteristic events:

o Chromosomal malerial condenses Lo form compaclt milolce
chromosomes. Chromosomes are seen o be composed ol two
chiromalids allachied ingeilier al the centromere.

& Centrosome which had undergone duplication duning inlerphase,
begins o move lowards opposile pales of the cell. Each controsome
ratliates oul microtubules called asters. The two asters (ogether
with spindle libres forms miltotic apparatus.
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Cells al the end of prophase, when viewed under ithe
microscope. do not show golgl complexes, endoplasmic
ellcuium, miclealis and Lhe nuclear envelope.

10.2.2 Metaphase

The compleie distntegration of the nuelear envelope marks
the stari of the second phase ol mitosts, hence the
chromosames are spread through the cytoplasm of the cell,
By this stage, condensation of chromosomes is completed
anid they can be observed cleariy under the microscope. This
ther, ts the stage at which morphology of chromosomes 15
most eastly studied. Al this stage. metaphase clmomosome
s made up of two stster chromatids, which are held together
by the centromere (Flgure 10.2 b). Small disc-shaped
structires al the siirface of the eentrimisres are callisd
kinetochors, These structures serve as the sttes of atlachment
of spindle fibres (formed by Lhe spindle fibres) o the
chromosomes that arne moved mto position at the centye of
the cell. Henice, the metaphase 15 charactertsed by @l e
chiromosanes coming to e al the equator with one chromatid
of each chrompsome connected by its kinetochore (o spindle
fibres from one pole and iis sister chromalid connected by
1ts kinetochore (o spindle fibres from tie oppestle pole (Flgnre
10.2 ). The plane of alignment ol the chromosomes al
mietaphise 1s refermed Lo as the metaphase plate. The Key
featimres of mefaphase are:

o Spindie fibres attach to kinelochores of
chromosomes.

o Chromosomes are moved o spindle equalor and get

allgned along metaphase plate through spindle fbres

Lo Both poles.

10.2.3 Anaphase

A the onsel of anaphatse, each chromosome arranped at the
mietaphase plate is split stmultameonsly and the two daughier
chromatids, now referred (o as daughier chromesomes of
the futare danghiter noclel, begin thetr migration lowards
the two opposite poles. As cach chromosane moves away
fromn the expuatorial plate, the centromiere of each chromosame
Tematns directed (owards the pole and hence @l the leading
ecdes, withi the amms of the chromesome lralling belind
(Fumire 10.2 ¢), Thus, anaphase stace Is characterised by
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the following ey events:
o Centromeres splil and chromalids separmie.
e Chromatids move Lo opposite poles.

10.2.4 Telophase

At the begtnning of the final staoe of karvokinests. tLe.
telophase. the chromosomes (hat have reached Lheir
respeciive poles decondense and lose thetr midividuality, The
individual chromosomus can no longer be seen and each set
of chromutin matertal tends o collect at each of the two poles
(Figure 10.2 d). This is the stage which shows the following
key evenlts:

e Chramosomes cluster 3l npposile spindle poles and thetr
fdentity 1s Jost as discrele elements,

e Nuclear envelope develops around the chromosome
clusters at each pole forming two daughter nuclel.

e Nucleolus; golgl complex and ER relorm.

10.2.5 Cytokinesis

Mitosts accomplishes not anly the segregation of duplicated
chromosomes tnto daughter nocled (karyokmests), but the
cell tiself is divided into two daughter cells by the separation
of cytoplasm ealled cytokinests atl the end of which cell
division gels compleled (Figure 10.2 ). In an animal cell.
this is achieved by the appearance of a furrow in the plasima
membane. The fomow graduaslly deepens and oitimately
Joins in the cenive dividing the cell cyioplasm into two. Plant
celis hhowever, are enclosed by a relatively Inextenstible cell
wall, thererfore they underpo cylokinests by a dilferent
mechiantsm. In plant eells, wall [ormation starts in the centre
of the cell and grows outward (0 meet the exisiing lateral
walls, The formalion of the new cell wall begins with the
formation of a simple precursor. called the cell-plate that
represents Lhe middie lamella between Lhe walls of two
adfacent cells. Al e tme of cytoplasinie division. arganelles
like mitochandria and plastids get distributed between the
two daughter cells. In some crganisms karyokinesis 15 not
{ollowed by eviokinests as a resull of which mulitnucleaie
condition anses leading (o the formation of syncyllam [e.g..
ltequnte] envdospenm tn coconul).
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10.3 Significance of Mitosis

Mitosis or the equational division Is usually resiricted to the diploid celis
only. However, in some lower plants and in some soctal insects haploid
cells also divide by mitosis. L 1s very essential (o understand the
sigrificance of this division tn the lle of an organism. Are vou aware of
some examples where you have studied alwool haplold and diplold insects?

Milosls usually resulis n the production of diplotd daughler cells
with tdenttcal genelle complement, The growth of multicellular oroantsms
is due tomitosis. Cell growth resulls in disturbing the ratio between the
nucleus and Lthe cyloplasm. [ therefore beocanes essenilal for the cell Lo
divide Lo restore the nucleo-cytoplasmic rallo, A very stgnificant
contribution of milosts ts cell repatr. The cells of the upper layer of the

epldermis, cells of the Wietng of the gul. and blood cells are betng constantly

replaced. Mitotie divistons tn the menstematic tissues - the apical and
the lateral cambtom. resull in a continuousgrowih of plants throughout
thetr e

10.4 Meiosis

The production of offspring by sexual reproductien mcludes the fision
of two gametes, cach witl a complete haploid st of clromosomes. Gameles
are formed from speclalised diplold cells. This spectalised kind of cell
divistan thal reduces the chromosome number by half resulls n Lhe
production of haploid danghter celts, This kind of division 1s called
melosis, Melosts ensures the production of laploid phase tn the life cyole
ol sexually reproductng argamisms whereas fertilisalion nestores the diploid
phase. We come across melosls during gametogenests in plants and

antmats, Thts leads (o the formation of haplotd gametes. The key features.

of melnsis are as follows:
e Metosts involves two serquential cycles of nuciear and cell diviston called
melosis | and mefosis Il but only a single cycle of DNA replication.

e Meiosis | s inttated after the parental chromosomes have replicated
io produce identical sister chromatids at ihe S phase,

o Melosis Involves patring of homologous chromosomes and
recombinalion beiween non-sisler chromatids of homolegous
chiromosomes.

o  Four haplotd cells are formed at the end of melosis 1L
Metote events can be grouped under e foliowing pliases:
Proplase | Mraghase 11
Metaphase | Metaphase Il
Anmphmse | Anaptuse 11
Telapluise | Telopluse 1]
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10.4.1 Melosis 1

Prophase I: Prophase of the first melotic division 1s typically longer and
more camplex when compared (o prophase of milosts, [1 has been further
subdivided milo the following five phases based on chromosomal
behaviour. Le. Leptotene. Zyvmtene, Pachytene, Diplotene and Diakinests,

During leptotene stage the chromosomes become gradually visible
inder the Hghit micrescope. The compaction of cliromosomes continues
throughout lepotene. This 1s followed by the second stage of prophase
| called zygotene. During this stage chromosomes starl pairing together
and this process of assoclatlon 1s called synapsis. Such patred
chromosomes are called homologous cliromosomes. Electron
micrographs of this siage thdicale (hal chromosome synapsis |s
accompanied by the formation of complex slr'uﬂ._u'ri: called
synaptonemal complex, The complex formed by & pair of synapsed
homologous chromosomes {5 called a bivalent or a fetrad. However,
these are more clearly visible at the next stage, The first two stages of
prophase | are relatively short-tived compared to the next slage thal 1s
pachytene During this stage, the four chromatids of each bivalent
chiromosomes becames distinet and olearly appears as tetrads, This stage
1s characternised by the appearance of recombination nodules, the sites
al which crossing over occurs bétween non-sister chromatids of the
homolugous chiromesomes. Crossing over 15 the exchange of genetfe
mialerial between two homologous cliromosames. Crossing over 1s also
an engyme-mediated process and the enzyme involved is called
recomibinase, Crossig over leads Lo recombinalion ol genclic malerial
on the iwe chromosomes, Recomblinalon belween homologous
chromosomes 15 completed by the end of pachytene, leaving the
chromosomes inked at the sites of crossing over,

The beginning of diplotens 1s recognised by Lhe dissolulion of the
synaptonemal complex and the tendency of the recombined
homolopgous chromosomes of the bivalenls to separate from each othier
exoepl at Lhe sites of crossovers. These }i—shﬂped structures, are called
chiasmate. |n oocvies of some vertebrates, diplotene can lasi for
imontlis or years.

The Onal stave of metollc prophase | 1s diakinesis, This is marked by
termimalisation of chtasmata. Dunng this phase the chromesomes are
fully comdensed and the metotic spindle 1s assembled (o prepare the
homologous chromosemes for separation. By the end of diakinesis, the
nucleolus disappears and lhe nuclear suvelope also breaks down.
Dialkdnests represents transition Lo melaphiase.

Metaphase I: The bivalent chromosomes allgn on the equatorial plale
(Frgure 10.3). The microtubules from the opposite poles of the spindle
altach to the kinetochore ol homologous chiramosames.,
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Figure 10.3 Singes of Metosis §

Anaphase I: The homologous chiromosomes sepiagate, while sister
chromatds remain assoctated al their centromeres (Flgure 10.3),

Telophase I: The muclear membrane and nuclesius reappear, cytolinesis.

[ollows and this 15 called as dyad of cells [Flgure 10.3). Althoogh 1o many
cascs Lhe chiomosomes do underpo saome dispiersion, they do nol reach
the extremely extended state of the mlerphase nucleus. The siase between
thie two melolic divistons fs called interkinests and ts generally shorl Hverd.
There 1s no replicaiion of DNA during inlerkinesis. Interkinests is followed
by prophase H, a much simpler prophase than prophase |,

10.4.2 Melosis Il

Prophase [I: Melosts 11 1s initated mumedtately afler cytokinesis, usually
Leftite the chiromosaiines liave fully elangaied. In contrast (6 melosis |,

mielvsts [ resembles a normal mitosts, The nuclear membrane disappeans
by the end of prophase Il [Figure 10.4). The chromosomes again become
compael

Metaphase II: AL this stage Lhe chmomesomes altgn al the equator and
the microtubules fram opposiie poles of the spindle got atlached to the
kinetochores (Flowre 10.4) of stster chromatiids.

Anaphase [I: It begins with (the stmnliansous splilung of the centromere
of each chromosome (which was holding the sisier chromalids (ogether),
atowing them to move towand opposile poles of the ecll (Figure 10.4) by
shortening of microtubules atiached Lo kinelochores.
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Méapiliase 11
.ﬂimphg_iu-r 1

Teloplise 11

Figure 10.4 Siages of Melsadz |l

Telophase II: Meiists énds with telophase 11, tn witch the two
groups of chromosomes once agatn get enclosed by a nuclear
envelope; cylokinesis follows resuiling in the formation of teirad
af cells e four haploid daughter cells (Figure 10.4).

10.5 Sesmicance oy Meiosis

Metosis 1s the mechanism by which conservation of specifle
chromosome number of cacli species 1s achleved across
generalions in sexually mp'mdurmgmganﬁms. even twugh the
process, per se, paradoxtcally, results inreductton of choomosome
mumber by half. 1t also increases the genetic vartabilily in the

population of organlsms fom one generation to e riext. Varallons
are very important for lhc_mncr&s of svolulion.

SustaaRy

According to the cell theory, celis arise from preexisting cells: The process by
which this octurs 1s called cell division. Any sexnally reproducing orpanism
slaris lis e cycle from a stngle-celled zypote. Cell division does nol slop with
the formation of the mature ufgamsm but continues throughout tts Ne cycle.
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The stages through which a cell passes from one division to the next is called
the cell eyele. Cell eyele 1s divided into two phases called (1) Inlerphase - a
poeriod of preparallon [or cell division. and (i) Milosis (M phasel - the actugl
period of cell division. Interphase (s further subdivided into G, Sand G,. G,
phase s the period when the cell grows and carmies out normal metabolism.
Most of the organelle duplication also occurs during this phase. S phase marks
Lhe phase of DNA replicalion and chromosome duplication. G, plhase 1s Lthe
perioid of cyloplasmic growth. Mitosts s also divided tnlo (our stages namely
prophase, metaphase, anaphase and (elophase. Chromosome condensallon
occurs during prophase. Simulianeousty. the ceninoles move to the oppaosiie
poles. The nuclear envelope and the nucleolus disappear and the spindle
fibres start appéartng, Metaphase 15 marked by the allgnment of chromosomes
al the eqguatonal plate, During anaphase the centromeres divide and Lhe
chromatids start moving towards (he two opposite poles. Onee the chromatids
reach the two poles. the chromosomal elongation starts. nucleotus and the
nuclear membrane reappear. This stage 15 called the telophase. Nuclear
division 1s then lollowed by the cytloplasmic division and is called cylokinests.
Mitosts thus, 1s the equational diviston tn which the chromosome number of
the parent is conserved {n the daughter cell. _

In contrast Ly mitosts. melosts occurs in the diplowd cells. whitch are destined 1o
form gameles, [ 15 called (he reduction diviston since il reduces the chromosome
number by half while making the gametes. In sexual reproductton when the two
gametes fuse the chromosame number ts restored (0 the value m the parent,
Metosis ts divided inio two phases — mefosts [ and metosts I In the first metotic
divistion thie hemologous chreamosomes palr o lorm bivalents, and uniderio crosstig
over. Melosts [ has a long prophase, which s divided further into five phases.
These are leptotene, zygotene, pachytene, diplotene and diakinests. During
metaphase | the hivalents armange on the equatonal plate. This 1s nllowed by
anaphase [ i which homolegons chromosomes move to the oppostie poles with
bhoth thetr chiromatids, Each polé recetves hall the chromosome ritimber of the
parent cell In telophiase I the nuclear membrane and nucleolus reappear. Midosts
11 15 stmtlar (o mitosts, Durtie anaphase 1 the sister chromitids separate. Thos at
Lhe end of melosis {our haploid cells are formed.

Exercises

What s theaverage cell cyole span for 2 mammalian celf?
Distingutsh ovlokinests from karyokdnests.

Describe the ovents laking place during mterphiase.

What Is G, (qulescent phase) of oell ovele?

o LS
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10.
11.
12
13

14
15.
16.

Why Is miltosts called equational diviston?

Name the stape of vell cycle al'which one of the following evenils oo
t Chromosomies are moved (o spindie equator |

(1} Centromere splils atid chromatids separate.

(i) Patring hetween hamologous chromoesames (akes place.

(v} Crossing over between homologous chromosomes Likes place,

Pescribe the ﬁ:izmng:

Drawa chamsm fo lﬂustmteymramwnr

How dpes cyiokinesis  plant cells dilfer (rom bl in antmal cells?

Fnﬂmnmplmwhmﬂmfmdaughtmmnaﬂmmlmmnquﬂm stz anid
whiere thoy are found uneqgual n size,

Distinguish anaphiase of mitosts from anaphase Lol melosls.
List the main diferences betwean mitosts atid melosis.
Whiat 15 Lhe significance of melosts?
Discuss with vour leacher aboul
(1) haplonl insects amd lower pmmsﬁlwe cell-division oceurs, and
) seme haplotd cells in higher plants whore cell-diviston does nol occur.
Can there be mitosts withonl DNA replication tn ‘E‘plmssu’?
Cafi there be DNA reéplication w1ﬂmm cell division?

Analyse the events during every stage umzlltrl:',lﬂﬂm!tmﬂm how 1he following
twiy parmmelers change
n nuhﬂmm'duﬁnusmm}punﬂ!

(it} amount of DNA content (C) per cefi




