-ﬂxnmmm'm-m_

Definition -
wuuanf‘c 48 cnanges by which cell undergoes growth, replication of DNA and cell

[ I “dlvision is called cell cycle.

~hases
There are two phases of cell cycle i.e.

1) Interphase (Period of non apparent division)

2) Mitotic phase (Period of division)

Definition
The period of cell cycle between two consecutive divisions is called interphase.
It is misleadingly called resting phase. It is the period of great biochemical activity and
further be divided into Gi-phase, S-phase and G»-phase. Chromosomes are not visible
during this stage even with electron microscopy. They can be seen as fine network of
threads by histological stains for DNA. This network is called chromatin.

Phases of Interphase
It is subdivided into three phases.

G:1-Phase
It is first growth phase (Gap 1). It starts after cell division, so may be called post-mitotic
phase. During this phase, following events occur;

)] There is extensive metabolic activity.

i) Cell grows in size.

iii) Specific enzymes are synthesized.

iv) DNA base units are accumulated for DNA synthesis.

Post-mitotic cell can exit the cell cycle during Gi enering a phase called G, and remaii, | !

for days, weeks or in some cases life time of organlsm Wlthﬂu profiferaring turtner £
nerve cells, cells of eye Iens) - - - - B L L™
S-Phase Y AR ' N
It is called synthesis phase. le‘ ous e\m s 04 “CU I'Il’lg du Ing thls ph se are as follows:
)} DNA 5 s/m esizeld™ - -
i) Chromuscme i ber is 1Io JE)Ie'JI
G2-Phase Ly oy
. ~_-I,t 13 seecns) growth phase and also called as pre-mitotic phase. It prepares the cell for
Y dvision. Various events occurring during this phase are as follows
1) Cell prepares energy stores for chromosomes.
i) Mitosis specific proteins are synthesized.
iii) RNA and microtubule subunits for spindle fibers are also synthesized.
After this phase cell enters into phase of cell division.
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Cell Cycle

Check Points & Duration of Cell Cycle
During cell cycle, there are specific check points, which determine the fate of new ph?

according to cell’s internal make up.
Length of each phase is variable. e.g.

In human cell average time period 5%

(i)

. Cell cycle is 24 hours
. Mitosis is 30 minutes
. G1 is 9-nolry

. Sis 10kaurs

. G2is 4.5 liqurs

(i)

Definition

I~ yeast cell: ful! celieycie occurs in 90 minutes.

'\Iu: Inh eenvelopae
Braakdown

Ui enveiope

Cytolineses
K_,

&
Fthamy

OB e m—v;m
sepregation  eCOAdenEation
Aedeanatians af

P Chnamatics

ay

Fig 21.1 The fate of a single parental chromosome
throughout the eukaryotic cell cycle

QUESTIONS RELATED TO ABOVE ARTICLE

Describe about the interihase of cell cEcIe.

Such type of cell division in which number of chromosomes in daughter cells remains
same as in parental cell is called mitosis.

Features
i)
i)
iii)

Major steps of mitosis in plants and animal cells are same with slight differences.
It takes place in haploid as well as diploid cells.
It occurs in nearly all parts of the body if and when required.

Cell division described here explains division in animal cell.
D|fference between Mitosis in Plant & Animal Cell

mumrﬂm

’10Mr ‘esrs

A tsent

It Js' '“r.dde onl 'by spindles.

Centrioles Present
. It is made 'y, centr’ ol*s asters, cnc
Mitotic a aratue ’
PP —. 1 _\_| spindles.- | an
Spindley | arg: T rmeul . from
Spindle formmrm ‘ : T 3
cewt iofes.

They have region analogous to
centriole from which spindles radiate.

It occurs by phragmoplast which
develops from vesicles of Golgi

It oceurs by contractile ring. bodies. It is also responsible for
cell wall formation.
Shape of cell does not remain | Shape of cell remains same due to
Shape of cell

Same.

rigid cell wall.
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Phases )
Mitosis is a continuous process but conventionally it is divided into two pb-qes o [\
1) Karyokinesis I ;:'*__ BN
2 Cytokinesis i M\ A H N [ ,f | e~
2 \ .-:II ‘ I'n. { .'ul I'.l II'. I'II L\ \ % I| _—
Definition \ T BIRTRIRR= Y
Division.ci ucleus Is. ca!'eH karvuk nws ) AN~ T -
Initial Events | 2R S e

Inan arf,lrnax1 c'=r| Lpl oVl ur]g ',Ir"‘lf"al ateps occur:

. Ce t/ioles,' .whrch have been duplicated during interphase and are in same centrosome,

AN ndle‘Llaru tiored.

A } |1| | Early in the mitosis the two pairs of centrioles separate and migrate to opposite sides of

A the nucleus, establishing bipolarity of dividing cells.

iii) Three sets of microtubules (fibers) originating from each pair of centrioles. These
microtubules are formed by protein tubulin and traces of RNA. Mitotic apparatus is larger
than nucleus and is designed to attach, capture chromosomes, align and finally separating

them.
iv) Three sets of microtubules are:
. Astral microtubules, which radiate outward and form asters.
. Kinetochore microtubules will be attached to chromosomes at kinetochore.
. Polar microtubules do not interact the chromosomes but instead interdigitate with polar

microtubules from the opposite pole.
Both kinetochore and polar microtubules constitute spindles.
Phases of Karyokinesis
Karyokinesis can further be divided into four phases:
)] Prophase
1)) Metaphase
I11)  Anaphase
IV)  Telophase

(a) Intampbase (G,)

-k 'H._\l

"'-‘_""l W
QAN

Fig 21.2 The stages of mitosis and cytokinesis in an animal cell
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i)
V)

i)
i)
iii)
iv)
v)

Prophase

Various steps occurring during this phase are: —
Chromatin material gets condensed by folding and chromosorres ebp‘e;r &s thin| threads’
(0.25pum-50pum in length) at the beginning 9f pronhase \

Chromosomes start thickesing, became m|b|° having, W <|st°r ohromands attached at
centromere. .

NucleaTi ad nuclea Framblare e Hid Jppeares,

Nucleai niateria| i teleated in Cyiogiasm.

Cvtsplasmibecomes viccous.

Clvithlic-apparatus is organized.

»ietaphase

Each metaphase chromosome is a duplicated structure, which consists of two sister
chromatids, attached at a point called centromere or primary constriction.

Various steps occurring during this phase are:

The kinetochore fibers of spindle attach to the kinetochore region. Kinetochore is a
special area of centromere with specific base arrangement and special proteins. Each
kinetochore gets two fibers each from opposite poles.

These fibers align chromosomes at the equator of the spindle forming equatorial plate or
metaphase plate.

Anaphase

It is the most critical phase of mitosis which ensures equal distribution of chromatids in
the daughter cells. Various steps occurring during this phase are;

The kinetochore fibers of spindle contract towards their respective poles, at the same time
polar microtubules elongates exert force and sister chromatids are separated from
centromere.

As a result, half sister chromatids travel towards each pole.

Telophase

Various steps occurring during this phase are

Chromosomes reach at opposite poles terminate anaphase and start telophase.

These chromosomes decondense due to unfolding and ultimately disappear as chromatln
Mitotic apparatus is disorganized.

Nuclear membrane and nucleoli are reorganized. , L[
At the end two nuclei appear at two Doles cT(eII AT~ WN[ (O o~

21.2.2 Cytokinesis

Definition

DivisiGn pf whole-celi is cai-le{h"cytonirl.jsis. '

Events in Aniifial Cal!

Cytekinesis stars (1Urlnj .m'e telophase Various events occurring during this phase are as

. ~.1|clu\'v° '

..I)m_;-

i)
i)

“Cluring late telophase astral microtubules send signals to equatorial region of the cell.

Actin and myosin at equatorial region are activated and form contractile ring, followed by
cleavage furrow.

This cleavage furrow deepens towards the centre of the cell dividing the parent cell into
two daughter cells.
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MITOSIS IN PLANT CELLS

Mitotic events in plant cells are generally similar to the events observed in anlmaLce.-x_ ity

but there are some major differences. -

1) Most higher plants lack visible centriolesy mstead the, nave us “anal oqod~ Togi Jntrom
which the spindle microtubules raciaie.

i) Moreover, shape of the plant, celt-coes noi i) ge dfetty >0 mar‘-d W|th an animal cell
because-it ;s surroundea-ay ricid delt well. o

iii) At cytekinesis, il slace nf coniyactile ring-a ‘membrane structure, phragmoplast is formed
from visiciz mhn,h nunae from Golgi complex. These vesicles originate actually
cerirl roetaphage. ! ling up in the centre of the dividing cell, where they fuse to form

[ .;L ragrioghast at the end of telophase.

\ !\',-' Tne membrane of vesicle becomes the plasma membrane of daughter cells. These

vesicles also contain materials for future cell wall such as precursors of cellulose and
pectin.

L.;I.ft.llinp:.h.l-lt ll::rﬂl.l
Fig 21.3 Mitosis in a higher plant cell

21.2.3 Importance of Mitosis

Following is the importance of mitosis.
1) Unchanged Genetic Information
In mitosis the hereditary material is equally distributed in the daughter cell. As there is no

crossing over or recombination, the genetic information remains unchampu “oeneratigirEmen || | \!

generation, thus continuity of similar mformatlon § ensured frem: ‘)dner t 10 (ia u'ghf-:er_L_e'!L S
2) Asexual Reproductlon - ~ T A [~

Some organisms, both plar.w and ani nal ufldé'._rf.]O'.aS-BX'.IJ“l| raep;ro‘-:iuctldn by mitosis.
3)  Regeneration n BRI Ry

Regengraf o is also-due to *nuosrx (WO '
4) Healing er\,rurd

Heallng of! vloundv a1d ru"aeement of older cells etc. are by mitosis.

-

~5) l)‘,nelor)rnent e Growth

| N uedc lopment and growth of multicellular organism depends upon orderly controlled mitosis.
For all this an organism requires managed, controlled and properly organized process of
mitosis. If mitosis is uncontrolled then malfunction, unwanted tumors and lethal diseases like
cancer may result.

6) Tissue Culture and Cloning

Tissue culture and cloning is carried out through mitosis.
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QUESTIONS RELATED TO ABOVE ARTICLE

Write an essay on Mitosis. -
How cytokinesis occurs in animal cells? In which way does it diffir irsin: that [rf piaat!
cell? W Elxereice Qusstion )
Why and how do the chromoson es get.ecparated during engpriase: orwiitosis?
' [(Exercise Question ii)

What is-rple of centrivie, in &1 Antmai ce,”) Howis this function carried out in plant
cell? (Exercise Question iii)

mmmmgm_t..m

Def- ition |

[} \Urvdriotied division of cells is called cancer.

Feiation of Cancer with Normal Mechanism

o Normally multiplication of cells is carefully regulated and responsive to specific needs of body.
Due to this control, process of cell death and birth are balanced to produce a steady state.
o In cancer, sometime the control regulates the cell multiplication breaks down and cell

begins to grow and divide in unregulated fashion without body’s need. This continuous
division leads to unwanted clone of cells.

Tumor
Unwanted clone of cells produced by proliferation of cells due to uncontrolled multiplication
is called tumor.

Types of Tumors
Tumors are of two basic types.

1) Benign tumors
2) Malignant tumors
1) Benign Tumors
o These are of small size and localized (not transferred to other parts) called benign.
o Benign cells usually behave like normal cells and have little deleterious effects.
o They only interfere with functioning of normal cells or produce hormone like secretions.
2) Malignant Tumors
They are also called cancer.
o They divide more rapidly and mostly invade surrounding tissues.

o They get into body circulatory system and set up areas of proliferation away from thelIr e

site of original appearance. :
The spread of tumor cells and establishment of sprondary areas of U.mfth 'S Cc."("‘ nr‘eta stasis.--_.

Identification of Cancer Cells = - S
Presence of invading cell¢ Ir; norniz - tissue, is an indication wf mal ionancy Cancer cells
can be distinguished from r or"nal cells due te p ‘eserica ctfollowing ieatures;

i) They are less da'.'fcrent.afed han nerimal calls: -

i) They exthitit chardcueristics, ¢f rapiaiy growing cells.

iii) Theyy| haye high autlens to cytoplasm ratio.

fv) ; “, ' hey hava sraiminent nucleoli.

N They show many mitosis.

Causes of Cancer

)] Cancers frequently develop in old persons with age.
i) Major cause is mutation in somatic cells.

iii) It may be due to accumulation of 3-20 mutations in genes regulating cell division.
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Mechanism of Metastasis
Two basic changes are caused by mutations to produce cancer cells and thalr metastasic.
These are following; - '

1) Metastatic cells break their contact with othe: cellsand overcore e ristrictibie or cell
movement provided by basgl lamips ard othe barriers. Afier, this metastatic cells can
invade other. parts of the bcdy, ' A

i) Their \rohfena** A becamae unliri ltl‘d againsi-tne normal programming of body without
any corlfrcl or che*k \

D LF

| S rte @ g on cancer.

NI 21.3 MEIOSIS

Definition
It is a type of cell division by which chromosome number in daughter cells is reduced to
half as compared to parent cell.

IONS RELATED TO ABOVE ARTICLE

Features
)] It takes place in diploid cells only.
i) It takes place in animals during gamete formation and in plants during spore formation.
iii) It results in formation of four haploid daughter cells.
Divisions
Meiosis is divided into two divisions.
1) Meiosis |
2) Meiosis 11

1) MEIOSIS |

It is also called reduction division. It is further divided into four phases.
(A)  Prophase I (B)  Metaphase I
(C) Anaphasel (D) Telophase |

Meiogls I . Meiosslm
" AR - R
/. ey ot = =Y
/}\ I.- i '\1: ’,-’ i "5,
\ | 1 = | { 3 |I
\ L res .".‘ ‘I"';"‘ "\_' 1 '
NS e " iy . 7t Inmislosigds )| ||
S T— — " gger| ,
; N\ s ol S -
2, £ | ) Fa i L .‘_“;pﬂﬁ'l -
'} \«'{ 3 /i % .&\ e \' \T* \\
-'\“.- / ; :h_,_ __.r,-? S -1____ ij
AT 5 555 \\“m.._,/l/
1 — o - e iy
/ 'ﬁ— / ! - i " = A “__.
.-/"-‘ N Bl ,..:!, " E'A L;" i
| Sl—ds E = | (- 'I,r’ '.'.. L 1 k I { \
N A /d Vi B i |
J | ! N RI"‘——-—-——"" l-""" !_;f .1‘*--.':._5_---"'\ )“"j
—/ /‘\ — NS
* gj, /? Fig 21.4 Result of meiosis, four haploid cells, each
¢ a8 </ with half as many chromosomes as the original cells
N ~~‘;/ Telophase and
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(A)

i:)'-j

1i)
iii)

b)

Prophase |

It is very lengthy phase. It is different from prophase

of mitosis due to homologous pair of chromosomes.

Interphase of meiosis lacks G2 staga. So, there.is o alplication, i st dd ‘airezGy similar
chromosomes called horfiologous=chromascraet, join' to form ‘hbmologous pair of
chromosommes. A ' :

Prophése/llis further subdi' n*je. into five **ﬂgeb

Leptotene

\VVariqus Rvelits o"r‘Jmng durlng this stage are following.

' '_\, Ifcamissomes become visible, shorten and thick.

Size of nucleus increases.

Homologous chromosomes start getting closer to each other.

Leptotene can last only for few hours.

Zygotene

Various events occurring during this stage are following.

Pairing of homologous chromosomes called synapsis starts.

Synapsis is highly specific and exactly pointed but there is no definite starting point.

Each paired but not fused complex structure is called as bivalent or tetrad.

Zygotene can last only for few hours.

Pachytene

Various events occurring during this stage are following.

Pairing of homologous chromosomes is completed.

Chromosomes become more and more thick and each bivalent has for chromatids.
Chromatids wrap around each other.

Non-sister chromatids of homologous chromosomes exchange their segments due to
chiasmata formation. This exchange is called crossing over.

Due to crossing over, reshuffling of genetic material occurs, which produces
recombination.

Pachytene may last for days, weeks or even years.

Diplotene g
Various events occurring during this stage 23 following.. [ |
Paired chromosomes repel each ot'len and hizgirtc supt Hte, VN
Separation is not completz hecaig hr»rmngus ct ronﬂo‘om S e nsain unlted by their
point ofinferchanoe (ciiiasrnarg). _ -

At the -:..1 euh Jiva ent 1¢_S at lgadt-one such point, and the chromatids otherwise are
separated. |

T

[T Piekinedis |
“Marious events occurring during this stage are following.

Condensation of chromosomes reaches to its maximum.

Separation of homologous chromosomes is completed but still they are united at one
point, more often at ends.

Nucleoli disappear.
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rophase

Leptotene Zygotene Pachytene Diplotene Diakinesis N
: - Nuclear-@nveispe i WA
Nuclear envelope Chiasma  frignjooties | J .-i Rl
visible | N { L
—— \"ﬁ | \\"" il ; i

(1 m\ .\~ ], hmat

Nucicolus
dispersing

Duplicated Synapsis begins Synapsis complete; Synaptonemal Bivalent ready
chromosomes crossing over occurs complex disappearing; for metaphase
start to condense chiasma visible

Fig 21.5 Chiasmata formation

(B)

i)
i)

(©)

i)
i)
i)

(D)

i)
i)

2)

AT
OB, b'

(A )
(D)

Metaphase |

Various events occurring during this phase are as follows.

Nuclear membrane disorganizes at the beginning of this phase.

Spindle fibers originate.

Kinetochore fibers are attached to the kinetochore of homologous chromosome from each
pole.

Bivalents are arranged at the equator. Sister chromatids of individual chromosome in
bivalent behave as a unit.

Anaphase |

Various events occurring during this phase are following.

Kinetochore fibers contract and the spindle or pole fibers elongate.

Contraction of fibers pulls the individual chromosome towards their respective poles.

In contrast to mitosis anaphase, sister chromatids are not separated.

This is in actual reduction phase because each pole receives half of the total number of
chromosomes.

Telophase |

Various events occurring during this phase are following.

Nuclear membrane reorganizes around each set of chromosomes at two DC!:S. —
Nucleoli reappear. — [ ()

| .--' LT 1 O W =

p =

Two nuclei each with half number of chronwsomes are ot meu AT I W

Cytoplasm then divides cell into itwp, termn c,ur,g flm mlt )tl‘ tlvmo., C’nromosomes
may decondense during ths*tatp A= RIABRIR RN
MEIOSIS SERRY. VL) '
After | el;bphcls“ th daugr‘ter\s:ells exnrncnce small interphase but in contrast to
mitosis therz i5'no, repl Cdtlt)l) of ¢hromosome.

Meiasis'| | lis further diviaza into

“Pisbhaselll |

K l'»l gtapnase | I

Anaphase 11

Telophase 11

These phases are just like the phases of mitosis. Meiosis Il receives two daughter cells
from meiosis | and ends in production of four daughter cells with half number of
chromosomes.
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21.3.1 Importance of Meiosis

(i)

(1)

(iii)

(iv)

Crossing over and random assortment of chromosomes are two 5|gn|f-f‘ it ncoper.m s O,
meiosis. Following is the importance of meiusis. _ |

Greater Recombinations 9

During.crgsiing over -garentél/ chiromosormes exchange segments 'With each other which
results 7 a Jaig2 ridinker of rechmhinations.

Wiad Varig! y Of Claretes

' L‘u thg-anaphase, the separation of homologous chromosomes is random which gives

very wide range of variety of gametes.
Evolution and Uniqueness
These variations are not only the bases of evolution, but also make every individual
specific, particular and unique in his characteristics. Even the progeny of very same
parents, i.e., brothers and sisters are not identical to each other.
Constancy in Chromosome number
Meiosis usually takes place at the time of sexual cells formation i.e. gamete formation in
animals and spores’ formation in plants. In this way chromosome number is halved (n
number). However, the 2n number is restored after fertilization. Thus, the constant
chromosome number is maintained generation after generation.

QUESTIONS RELATED TO ABOVE ARTICLE
What is meiosis? Elaborate the events of prophase-1I.
Compare mitosis and meiosis and describe their importance. (Exercise Question v)

Describe meiosis and explain significance. (Exercise Question vii)

Meiosis is an orderly occurring phenomenqr;, which ensuires cxg_éiry plﬁa'.s-el‘ '\/\_/i'th IPNIGERELS
finish, but sometimes, at anry poirt :t:'je re:;;-lt méﬂ,‘ bz IL-‘_r:ex-pe_I:tt‘;d, -".ausing'a't-)n'ormalities.
One of such abnormali'ries'..is'-.lan_onlos,,c.mo r.or';-disjy'ﬂ,r;Libus, in witich chromosomes fail
to segrr‘-j,-':ﬁ.te dr?rir"-_g-_érﬂéphes__e 'o;.r‘.fi telnrhdse and do not finish with equal distribution of

chrginogorne amor'g alt tie daughter nuclei. This result either increase or decrease in the

| hiiber o thromosomes, causing serious physical, social and mental disorders.

This non-disjunction may occur at
Autosomes level.

Sex chromosomes level.
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Example

Some examples of each type may discuss below in some detail.
Meiosis I nondisjunction Meieciql m,'h.'hjnmltio-.: . —|
P‘( ' \f /W}i\
> i L0 ! ( })‘<
Niebeisis | S—N
P \ ) -

T )
G\ > @ l

{ ”\ fn /, \: . |
'"'""\uW ) @S 0@ O q

l n n

Polni of nondisjunction Abnorm-l Norlmnl

Fig 24.6 Non-disjunction of autosomes (a) Non disjunction occurring during meiosis |
and meiosis 11, gametes (asterisks mark points of non-disjunction).

Syndrome Sex Chromosomes | Frequency | Frequency of births
of Abortions

Down MorF Trisomy 21 1/40 1/700
Patau M or F Trisomy 13 1/33 1/15,000
Edward M or F Trisomy 18 1/200 1/6,000
Turner F X0 1/18 1/6,000
Metafemale F XXX or XXXX 0 1/1,500
Klinefelter M XXY or XXXY 0 1/1,500
Jacobs M XYY ? 1/1,000

Fig 21.6 (b) Frequency of syndromes

A) Down’s Syndrome (Mongolism)

Features

)] It is result of autosomal non-disjunctions in man during which 21% pair of chromosomes o
fail to segregate. =T a\}

i) Resulting in gametes with 24 chromosomes ., | | . AN

iii) Individual resulting from fu5|0n of” tms gan ety NI 'h ncrnod Lamem h( 47.{2:141) instead
of normal 46 chromosomet. b

iv) Non-di ajL,I‘Cl on s udily og Curo |i.~f0’rra*|0|. oana -
Autoso! ﬂc.l n(r G‘Sjur.ct or, ‘may-cecur in other than 21% chromosome, which usually
rast iis in abyrticn orideatn in very early age.

: _| wccua;h., ! | T

It is related with age of mother.

Frequency by teenage mother having down’s syndrome child is one in many thousands.
Frequency by forty-year-old mother is one in hundred chances.

Frequency by forty five year old mother is three times greater than forty.
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Abnormalities
The affected individuals have flat, broad face, squint eyes with skin_feidedin thezinner,
corner, protruding tongue, mental retardation and dePuLI\:" oaelap.nmt of Ceiliies
nervous system.

B) Turner’s Svndrome
Features .
i) These affecied, incividyals have one missing X chromosome with only 45 chromosomes

(44 lautosorpes+X).

fiy: ' -"Fney have 45 chromosomes (2n-1) instead normal 46.

1ii)  There are 44 autosomes with one X chromosome.

Abnormalities
Individuals with this condition often do not survive pregnancy and are aborted. Those
who survive have female appearance with short stature, webbed neck, without ovaries
and complete absence of germ cells.

C) Klinefelter’s Syndrome

Features

i) These individuals have additional sex chromosomes i.e. 47 chromosomes.

i) Extra chromosomes may be X or Y.

iii) Individuals with 47 chromosomes (44 Autosomes + XXY) are phenotypically male but
have enlarged breasts, tendency to tallness, obesity, small testes with no sperm
ejaculation and under development of secondary sex characters.

iv) Male with 47 chromosomes i.e. 44 autosomes and XYY are also observed.

V) Male with 48 chromosomes have 44 autosomes with XXXY chromosomes.

Vi) Male with 49 chromosomes have 44 autosomes with XXXXY chromosomes.

QUESTIONS RELATED TO ABOVE ARTICLE
Write note on Klinefelter ‘s syndrome. _
Write note on Turner ‘s syndrome, T WY (e ho~
Define non-disjunction &nd disc-::'a IS e'ffe',‘;]fs w.vi#h-.(iné' e:<ampje' -
(Exercise Question)

-'mm\w I.

All the ectivities|of, czlls ie: cell d|V|S|0n pattern formation, differentiation, morphogenesis
[ endiretiiitviare controlled and depend upon extracellular and intracellular signals.

N '“emn of a cell is also programmed and predestined.

Cell Death in Multicellular Organisms

Cell death in multicellular organisms is controlled by two fundamentally different ways;
1) Cell commits suicide in absence of survival signals (Trophic factors)
2) Murder of cells by killing signals from other cells (necrosis)
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1) Apoptosis
It is Greek word meaning dropping off or
falling off.
It can be defined as follows ) . )
“Internal program of events ana .séquesce Df | | 1) | l | ;
morphological changes by, whichy tel! o mmns [ R
Chromatin
suicidq s ¢ollectively called, as apoptosis.” R o
Changes in Ceii duririg Apopt. DSz : O sttt of
Varigus| events 'ocetrring-during apoptosis are s sumn
T P | desdrica pelow
[N “(kit-shrinks. Eregmentation
%) Chromatin material first becomes compact and Blebbing
then segregates. Cell fragmentation
iii) Cytoplasm is condensed. Phagocytosis
iv) Nuclear fragmentation occurs. ety e
V) Blebbing of cell membrane occurs with its loss
later on. Phagocytic cell
vi) Ultimately cell fragmentation occurs, and
membrane bounded apoptotic bodies are Fig. 21.7 Ultrastructural features of cell
released and phagocytosed by other cells. death by apoptosis
vii)  Intracellular constituents are not released freely
in extracellular atmosphere which otherwise might have deleterious effects.
Importance
i) Programmed cell dearth helps in proper control of multicellular development.
i) It may lead to deletion of entire structure e.qg. tail of developing human embryo or part of
structure e.g. tissue between developing digits.
iii) Cell death even controls the number of neurons because most of neurons in the human
body die during development.
2) Necrosis
Cell death due to tissue damage is called necrosis.
Changes in Cell During Necrosis
)} Typical cell swells and bursts. — [\ ([
i) Intracellular contents are released in extraczillar environinent: s | (<2 |0
iii) These contents damage neig L]bourmn cellsana Gause irfammation:, |

=)

QUESTIONS RE Lid ﬁillﬁt’“‘ A

Write| adet necy 03is,anc tmpoow@ln !
In what rMpecf cﬁli d° th i5 regai ded beneficial? (Exercise Question iv)
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KEY POINTS

Genetic recombination

The reshuffling of genetic material (DNAj gnd forreatior of New"comoiraticn is-cailed
genetic recombination. '

Equatorial plate
The chioinhstinel in matanhase arz srranged in the middle of spindle fibers in such a

. veay|hat\thzy thimiegaatorial plates.

g?andc)?:n a:uo:tmenf of chromosomes
The phenomenon in which homologous chromosome has a chance to form combination
with any other non — homologous chromosome. Humans have 46 chromosome, except its
non-homologous chromosome.

Edward’s Syndrome
Genetic disorder caused by the presence of all or part of an extra 18" chromosome. The
majority of people with the syndrome die during the fetal stage; in fact who survive
experience serious defects and commonly live for short time period.

Jacob’s Syndrome
Genetic condition in which a male has an extra Y-chromosome. Symptoms include being
taller than average, acne and an increased risk of learning problems.

Patau Syndrome
In this syndrome all cells of the body contain extra genetic material from chromosome-13.
This disrupts normal development causing multiple and complex organ defects.

Synaptonemal Complex

A protein structure that forms between homologous chromosomes duringlmeifmia. It medizics, \

chromosome pairing, synapsis and recombination. — TN | |
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EXERCISE

Q1 Fill in the blanks. Q3 Write whether the—statement ic
1) Mongolism is also known as true or false and winse the|correct
: ) ctaiernentf falsel |
i) During iy Meipsis aceurs infhagiaid cells only.
homologous chromosomes get ¢ios? JALL Y (False)
to each-stlier AT '\ __Mietosis occurs in diploid cells only.
iii) — |\ Phiase pretedes Ga i) Cell cycle is comprised of two
phase. _ \ - phases i.e. karyokinesis and
iv) . Pulal micrdtubiias - cytokinesis. _ (False)
sl g Enapnase. Cell cycle is comprised of two
V)" Wiitotic apparatus is formed during phases i.e. interphase and cell
of cell division. _ division. _ _
denotes syndrome. cross each other is called
vii)  Intracellular contents are released kinetochore. _ (False)
during the type of cell death called A point where non-sister chromatids
_ cross each other is called chiasma.
Ans i) Down’s syndrome iv) Go stqnds for no gap. (Trl_Je)
ii) Leptotene V) Full life cycle of yeast cells requires
i) S 90 seconds to be completed. (False)

Full cell cycle of yeast cells requires
90 minutes to be completed.
vi) Crossing over takes place during

iv) Elongate
v) Prophase
vi) Turner’s syndrome Vii) Necrosis

. metaphase I. (False)
Q2 Egc:;alﬁi t?eecﬁ%';gsgt answer from Crossing over takes place during
P : prophase 1.

H 3 9 .
) In lélme)ﬁelt;r s syndrome: vii)  Autosomal non-disjunction may
(@) One X chromosome is missing occur in other than 21 chromosome.

(b) Additional sex chromosome (True)
present

(c) Sex chromosome fail to segregate
(d) None of these

viii)  Benign tumors are always non-
localized. (False)
Benign tumors are always localized.

i) Mitosis is divided into: iX)  Cancer is caused mainly by 7
(a) Karyokinesis (b) Cytokinesis mutations in gersicélls. (=alsh))
(c) Interphase (d) Bothaand b . Cancer—iz_“cai/sed . ntainly—~ by
iif)  Separation of homologous - \ —  Tmiatiar's 1 soimatin celist =
chromosomes occur during; = /x| Genbtic | \information  remains
(a) Prophase (b) Metaphast, | /7 | |\ “Unchenyed durfng mitosis.  (True)
(c) Telgphiase (d) Araphasel ' “ | |% “d* Homologous chromosomes are
- Q.l I ' necessarily identical. (True)
d xii)  The cells are kept alive due to
I\ trophic factors. (True)
J Wil A xiii)  Cytokinesis involves the division of
Al cytochromes. (False)
Cytokinesis involves the division of
whole cell.

xiv)  Phragmoplast is a type of
fragmentation (True)
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Q4
i)

Ans:

Ans:

i)

Ans:

Short Questions.

Differentiate
and “Apoptosis”.

Necrosis

between

“Necrosis”

Anogtosist, |

contents are
released

Cell death due | Itis pr'Jgfar**.-md
to - Tissue ce" daath..
damage. | |\ ] e
Also Inéwvni as'! it lis selled —as
muyrder. cof, the 1 suicioe of the

S ¢gl| | s cells.

|6l bursts after | Cell shrinks,
swelling cytoplasm

condenses

Intracellular Intracellular

contents are not
released instead

outside. apoptotic bodies
are formed.

May causes | Does not cause

inflammation. inflammation.

Harmful for | It is beneficial,

tissues. as some
unwanted  cells
during

development or
metamorphosis
are removed.

What are the functions of mitotic

apparatus?

It is designed to attach and capture
chromosomes, align them and finally
separating them so that equal
distribution of chromosomes is

ensured.

How can you identify the cancer

cells?

Cancer cells can be indicated by;
o ngher nucleus to cyto; )Iasm

tat V]

Prcmn’-\n quclel’

Maity v ItLSJS

e~ Llessdiffareritigted-than normal

NN

~' Rapidly growing cells

AnNs:

vi)

Ans:

Give importance and significance
of meiosis.

o Crussitg aNer resilts) ina-arge
numael, of recorabinatiorn.

@ [t results in wide range of variety
of-gametes.

e These variations provide raw
material for evolution.

e Constancy in  chromosome
number.

Define chromosomal non-

disjunction.

Inability of chromosomes to segregate
during anaphase and telophase is called
non-disjunction and do not finish equal
distribution of chromosomes among all
the daughter nuclei.

What are symptoms of Turner’s
syndrome?

These affected individuals have one
missing X chromosome with only 45
chromosomes (44 autosomes + X).
Individuals with condition often do

not survive pregnancy and are aborted.

Those who survive have female

appearance with;

vii)

Ans:

“Viii)
Ans:

e Short stature,

e Webbed neck,

e Without ovaries

e And complete absence of germ
cells.

Define cell cycle. Highlight its
importance and significance
Sequence of changes, which involve
period of growth,
DNA, followed, i 7 call divigion is'
called-Cell cycle, AL Cach Stage ot

celll ci/cle, | tihere ave SWEEiTic check

porrrfs L which Jetermine the fate of
flew \-phase izccording to cell’s

“internal make up.

Is interphase resting phase? Why?
No, interphase is the period of life
cycle of cell between two
consecutive divisions is termed as
the interphase or misleadingly called
resting phase. It is the period of great
biochemical activity and can further
be divided into Gi-phase, S-phase
and Gz-phase
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iX)

Ans:

Q5
i)

Ans
i)

Ans

In what respect mitosis in plant
cells differ from that of in animal
cells?

Animal \ »
Mitosis ‘, il

Spindle fivers | As—ceniriles ate

origiriata fron: i absent 1o spindle |

centric/es. iibere, | ‘originate

[ | Ifilern analogous
Wl [N - region of
' centriole.

Mitotic Only spindle is

apparatus is present.

formed.

During Cell shape does

cytokinesis cell | not change

shape is during

changed. cytokinesis.

Cytokinesis Cytokinesis

occurs by occurs by means

means of of phragmoplast.

contractile ring.

Centrioles are Centrioles are

present absent

Extensive Questions.

How cytokinesis occurs in animal
cells? In which way does it differ
from that in plant cell?

(see article 21.2)

Why and how do the chromosomes
get separated during anaphase of
mitosis?

(see article 21.2)

i)

ANs

v

ANS
V)

Ans
vi)

Ans
vii)

Ans

What is role of centriole in an animal
cell? How this function.is carried siii
in plant cell? HMAY.
(sezaiticle 21.2) | |

In! what! respact | car-<cell death be
regarded heheficial?

(see article 21.4)

Compare mitosis and meiosis and
describe their importance.

(see article 21.2 & 21.2.3 & 21.3.1)
Define non-disjunction and discuss
its effect.

(see article 21.3.2)
Describe  meiosis  and
significance.

(see article 21.3)

explain
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