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CELL DIVISION

Introduction :

Growth and reproduction are characteristics of cells, indeed of all living organians. All cells reproduce by
dividing into two, with each parental cell giving rise to two daughter cells each tine they divide. These nemly
formed daughter cells can themselves grow and divide, giving rise to a new cell population that is formed by the
gronth and division of a single parental cell ad its progeny. In other words, such cyclles of grovthand division
allovasirgle cell to forma structure cosisting of millios of cells.

Rudolf Virchow propased the cell lineage theory. Cell Iineagemeorystates"omisoellulaerr%i.e.
new cells arise fran pre existing cells. Rudolf Virchow failed to prove the theory.

Starsburger - New Nuclei arise by division of pre existing nuclei. &\

Cell division :—3main types. é
(D Vitosis @ Meicsis @ Avitcsis :Q
MITOSIS O

Term mitosis was proposed by Flemming & 1ts detai Iédst!)iven by A. Schneider. Mitosis produced

geretical ly identical cells, which are similar to nother a2

Cause of mitosis :- O

(1)) Kermn plasm theory : Hertwig proposed plasn theory. Acocording to this theory mitosis occurs due
o disturbance in Karyoplasmic | D il

~

Karyoplasmic Index :

KI = & = Volume of nucleus
X F% =\olume of cell
\ V_—V_ =Volume of cytoplasm
Karyoplasmi of small cell is high as they have less cytoplasm.
Nclas y aontrols the ecitivity of oytoplasm insmall cells.

In a@ 1 nucleus fail to cotrol the ectivity of oytoplaan. To attain
the 1 of nucleus on metabolisma large cell divides into o cells.
/

E @  Surface-volume Ratio :

- Surface~olure ratio of a cell plays an inportant role in starting cell division.

- Acell drans all the materials needed for its maintenance & gromth from its surface. When a cell gross in
size its wlures increases more than Its surface. So a stage willl reach when the surface area becones
insufficient to draw tre material . At such aritical stage, divisionof cellll started.
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CELL CYCLE
* Cell division is a\ery Inportant process in all living organisrs. During the divisionof a cell, DNA replication ad
cell gronth also take place.
* Al these processes, i.e., cell division, DNA replication, and cell groath, hence, have 1o take pllace in a coordi-
nated way to ensure correct division and formation of progeny cells containing intact genomes.
* The sequence of everts by which a cell duplicates its genane, synthesises the other constituents of the cell ad
avetual ly divides into o daughter cells is termed cell ocle.

* Although cel I growth (in terms of oytoplasmic increase) is a cotiinuous process, DNA syrithesiis ocours
ae specific stage inthe cell ocle.

* The replicated chromsames (D\R) are then distributed to daughter nuclei by a conplex seri during
cell division. These everits are therselves uder geretic aontrol . Gaorpllete lifegcle ofacell & cll ocle.

PHASES OF CELL CYCLE

- Atypical elkaryotic cell ocle is illustrated by
human cells in aulture. These cells divide once In
approximately every 24 hours.

- Yeast can progress through the cell cycle in only
about 90 minutes. The tine period of cell gcle i1s
varied franm organism to organism and also from

cell typetocell bype.
Cell ocle involves tho stages.

O Interprese
(@ Division phase/Mphase
1 Interphase :- This is phase between A diagrammatic view of cell cycle

indicating formation of two cells
from one cell

active phase of cell gcle.
The interphase laste more 6o Of the duration of cell cycle.

11 increases. A series of metabol ic changes occurs during interphase incell.
e under microscope, So sare scientist termed interphase as resting phase. But now
active phese of cell ocle.

- Howard and C ified interphase into three sub stages -
® G or Pre DNA synthesis phase (Ist Gap phase) (Longest phase of cell cycle)

corresponds o the interval between mirtosis and initiation of DNA replication. During G phese
cell is metabolically active and cotinuously groas

and proteins. Dle to availability of protein, synthesis of new protoplasm takes place incell ad it starts
groving in size. Cell grows maximum in G stage.

@ S — phase (DNA Synthesis phase :

Replication of nuclear DNA and synthesis of histone protein takes place in s{phase. Replication of

cytoplasmic DNA may occur in any stage of cell cycle.

* During this time the amount of DNA per cell doublles. I the initial amount of DNA is denoted as 2C then it
increases 1o 4C. Honever, there Is no increase in the chranosome nunber; I the cell had diploid or 2n
number of chromosames at G, even after S phase the nurber of chromosames remains the sane, 1.e., 2n.

?\ During G-most of cell organellles increases in cell and cell rapidly synthesizes different types of RVA

*
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* S—phase marks the phase of DNA replication and chromosome duplication (DNA content in a chranasane
become double) .

* Inanimal cells, during the S phase, DNA replication begins in the nucleus, and the cantriole duplicates in
the cytoplaam. Centrriole replicates in late Syhase.

* Sare cells in the adult animals do not gopear to exhibit division (e.g-, heart cells) and many other cells
divice anly accasiorally, as needed to replace cellIs that heve been lost because of injury or celll ceath. These
cells that do not divice further exit G, phase to enter an inactive stage callled quiesoant stage (G) of the
allode.

* Cells in this stage ramain netatolical ly active but no lager proliferate unless called on 1o db o ddefding
on the requirerent of the organism.

@ G, —phase (2 Gap phase) or Post DNA synthesis phase (Pre mitosis phase)

Actual preparation (Final preparation) of Mphase ocours during this phese. SpecialViaterials required

for M-phase are synthesized in G, phase. eg. Tubulin protein. —(Requiregfor Termation of spindle

).

* During this phese proteins are synthesised In preparation for mitosisyhile eell grovth continues.

* After G, phase cell enters in division or Mphase.

How the cell cycle is com@d

* Cell cycle is running by a group of special pro-

*

teins "Cyclins and Cdks (MPF). (Nurse, T-Hunt trigger mitosis machinery
& Hartwell 2001 studies on saccharomyces (Baker Mgdk
yees) {
ij
* A celll reproduces by performing an order ly é

qencss of inreersible eants, Invhich i

\/C

it"s contents & then diiviides into aents \/
are known as cell cycle.

= Molecular biologists, ha% remarkable '
progress in icentifyirg Ies that aontrol

or drive the cell ol S

of enzymes, known as cyclin
- (Cdk™s) regulates the cell
cyc*i ase IS an enzyme that removes a
phosphate group from ATP & add to another
prétein. The kineses involved iin the cell ocle are

?ﬁalled&jsbewseﬂ”eyareacti\atedv\henmey
carbined with key protein called cyclin.

S-cyclin

trigger DNA replication machinery

* At some check points (g;:ﬁ,.j a kinase enzyme conbiines with cyclin & this moves the cell cycle forvardly.
S-kinase is capable of starting the replication of DNA after it carbined with S-cyclin. After some time S-
occlin is destroyed & Skinese is no longer active. M-kinese is cgpeblle of tuming on mitosis after it hes bird
with M-cyclin. Honvever certain dharacteristics are universal conponent of cell gycle control.
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2. Division phase :

* Division phase or Mhase or mitotic phase lasts for only about an hour in the 24 hour duration of cell cycle
of ahurencell. It is the phese of dortest time incell ocle.

* The Mphase represents the phase when the actual cell division or mitosis oocurs.

* This is the most draratic periad of the cell gcle, involving amgjor reorgenisation of virtual ly all corporents of
the cell. Since the nurber of chramosomes in the parent and progeny cells is the same, it isalso called as
eqpatiaal division.

* Though for comveniience mintosis has been divided into four stages of nuclear division, it is\very
understand that cell division is a progressive process and very clear-aut lines camot be drawn 10s
Steges.

* The Mphee start with nuclear division, corresponding to the separation of daughter ch INesis)
ad usually ends wirth division of cytoplaan (oytokinesis) .-

* Mitosis isdivided into the fol loving four staces - &\
= Prophase @
= Metaphase
= Anaphase
= Telophase
Division of nucleus Inmirtosis ad melosis is irdirect.
(@  Prophase (Longest stage) :
* Prodhase whiich is the first stace of mitosis folloas (

the S and G2 phases of interphase.
* In the S and G2 phases the new DNA molec@
formed are not distinct but interwined.
* Prophese is marked by the inrtiation of ion
of chromosomal material. Tfyﬂ somal
material becores untangled process of
chromatin condensation %tin threads Early Prophase Late Prophase
condenses to form ch
* Metabolism of cell , cytoplasm becanes visoous, refractive and pale.

* The centriole, whi undergone duplication during S phase of interphase, now begins to move tonards

cell.
* due to gelation of proteins around centrioles. Spireme stage of chromosame.
Amphiastral Mitosis : In higher plants, centrioles are absent and no asters are formed. Mitosis
rs is knonn as anestral mitosis. Inanimals, the asters are present and the mitosis is described as
arphiastral, or astral mitosis.
* ?ﬁ’e carpletion of prophase can thus be marked by the ol loving dharacteristic events:
- Chramosomal material condenses to form compact mitotic chromosomes. Chromosomes are seen to be
conposed of two chromatids attached together at the centromere.
- Initiation of the asserbly of mitotic spindle, the microtubules, the proteinaocsous components of the celll
cytoplasn help in the process.
- Cell at the end of prophase when viened under the microsocope, do not show golgi compllexes, endoplas-
mic reticulun nucleolus and nuclear ervolope.
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@ Metaphase :
* The carplete disintegration of the nuclear envelgpe marks the start of the second phase of mitosis, hence the
chromosomes are spread through the cytoplasn of the celll.

* By this stage, condensation of chromosames is conpleted and they can be observed clearly under the microsoope.
This then, is the stage at which morphology of chromosomes is most easily studied.

* At this stage, metaphase chromosame iIs made
up of two sister chromatids, which are held
‘together by the certramere. Small disc-shaped
structures at the surface of the centrareres are
called kinetochores. These structures serve
as the sites of attachment of spindle fibres
(formed by the microtubules) to the
chromosomes that are moved into position

at the centre of the cell. Transition to
-  Spindle fibres attach to kinetochores of Metaphase
chromosomes.

* Hence, the metaphase is characterised by all the chranosomes cani
of each chromosome connected by 1ts kinetochore to spindle fi
corected by its kinetodhore to spindle fibres from the goposi e pole:
at metaphase is referred 1o as the metaphase plate. E

at the equator with one chraratid
one pole and its sister chromatid
plare of aligment of the chramosames

*

Chromosamal (disoontinous) fibres (which run fram pole

run fran pole to pole) arrange in cel 1.

Spindle fibre are composed of 97% tubulin p

* Centrorere lies at equator and arms remai ‘tonards poles.

* Chromosomal fibres have polarity i.e. r and —end at the pole. In metaphase each chromosome
splits lengthwise ypto the (divasion of matrix of chromosare).

* Two chromatids of a chronosomne 1 other and the arms of chromosomes are directed towards the
opposite poles. Condensati is conpleted.

* The key features of

- Chromosomes art

re) and suygporting (cotinous) filres (which

*

i 3% RNA.

to spindlle equator and get aligned along metaphase plate through spindle

fibresto
©® Awephese :(S0 )
* Inearly interzonal fibres (small and cottracted) gopears at equator of celll.
* chromosome splits lengthwise (division of centrorere). Sister chromatids separate fram
each new each chromatid reffered to as individual chranosore.
* N chramosome becomes double in cell during mitotic anaphase.

* Iryrzoral Tibres expands and they push chramosames tonards the gpposite poles. (Pushing)

* Chromosamal fibres contract and they pull chranosome tonards ogpposite poles. (Pulling)

* By pulling and pushing mechanism chraomosomes rapidly move tonards the opposite poles.

* As each chromosome moves away from the equatorial plate, the centrarere of each chromosaome Is towards
the pole and hence at the leading edge, with the arms of the chranosome trailing behind.

* Approximately 30 ATP are required to carry a chranosome to pole. Chromosomes reach at poles in late
anaphase.
Angphase stage is dnaracterisad by the folloving key events:
- Certrameres split and chramatids separate.
- Chromosome wirth one chramatids move to opposite poles.
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Anaphase

@  Telophase (Reverse prophase) :
At the begimiing of the firal stage of mitosis, i-e., telgihese, the chramosares
poles decondense and lose their individual ity. The individual chranosomes
material tends to collect in amess in the o poles. This is the stage whi
- Chramosames clluster at gpposite spindle poles and their identity,d
- Nuclear envelope assembles around the chromosome cluste
- Nucleolus, golgi complex and ER reform. 6

nY

chromosare into daughter nuclel but thecell itself
led cytokiresis.

the folloving key events:
discrete elemnts.

CYTOKIN
Mitosis accarplishes not only the segregatiion of dupli
is divided into two daughter cells by a separate
Cytokinesis in animal cell :

Cytokinesis Starts in late anaphase.
furrow formation. Microtubules and mi
of the equattor a contractile ring is fo
between actin and myosin ring

aontirucsly and uttimately a cel tgw

ipals center of cytokinesis occurs by constriction &

arrange on equator to form midbody and at the periphary
is made up of actin and myosin protein. Due to interaction
a furrow forms fram the out side to inside in cell. Furrow degpens
intotwo daugter cells. Inanimals cytokinesis ooours inoantripetal orcer.

(O
\o/

Mis in plants — Takes place by cell plate formation because constriction is not possible due to
of the rigid cell val l.

E Cell Plate
O Phragmoplast O

O00000O0 =S E PRSI EEE e

O

Mid body
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* Many golgi vesicles and spindle microtubules arrange themselves on eguator to form phragnopllast. Fragamerntes
of ER may also deposit in phragnoplast.

* Menbrane of golgi vesicles fuse to form a plate like structure called cell plate.

* Golgi vesicles secret calciun and magnesiun pectate. Further cell plate is modified into middle lavella.
* In plants, cytokinesis occurs in centrifugal order (cell plate formation is from center 1o periphery).-
SIGNIFICANCE OF MITOSIS

1 Development of an organism occurs by mitosis. BEvery organism starts its life froma single e.
zygote. Repeated mitosis in zygote leads to the formation of the whole body. E

2. The growth of nulticel lular organiss is due to mitosis.

3 Cell growth results in disturbing the ratio between the nucleus and the cytoplasm. re becares
eszrtial for the cell to divice to restore the nucleo-cytoplasnic ratio.

4. Avery significant contribution of mitosis is cell repair. Tre cells of tre Lmer&xma epidamis, cells
of the lining of the gut, and blood cells are being constantly replaoced.

5 Mitotic divisias in the neristamatic tissues— the gpical ad the | , result in a continuous
gronth of plants throughout their life.

MODIFICATION OF ML S
1 Cryptomitosis or Promitosis :© It is a primitive type o;miéi&glhis type of division, nuclear merbrane does

not disgppear but remain intact throughout the divisi the changes of karyokinesis oocurs inside nucleus
even the formation of spindle (Called as i indle) Such division is found in some protozoans
(Aroeba) during binary fission.

2 Dinomitosis - Dinanitoss is founds in dinof; , Which are mesokarnyotes. In mesokaryotic cells histones
are absent. Because of this, the ch ¥ to condense properly and hence are not distinctly visible
during cell division. Nuclear marbrane istSthroughout the cell division and spindle is intranuclear type.

* Normal mitosis is termed as BEumi .

3 Free nuclear division :- Kan&é@ is not folloned by cytokinesis as a result of which nultinucleated condition
arises. eg. endosperm.
4. Endomitosis - This is

ﬁion of chramosomes without division of nucleus. Bdanitosis leads to polyploidy.

= Endoreduplication is a modification of endomitosis. The polytene chranosomes form by
reduplication. In endoreduplication, the chramatids replicate but do not get seperated. This
also known as polyteny.

* Muétard gas and Ribonucleases are also mitotic poisons.

E MEIOSIS

"Term meiosis' was proposed by Farmer and Moore.

The specialised kind of cell division that reduces the chromosome nurber by half results in the production of
heploid daughter cells. This kind of division is called neicsis.

Meiacsis ensures the production of haploid phase in the life cycle of sexual ly reproducing organisms wherees
fertilisation restores the diploid phaese. Inmeiosis during garetogenesis in plants and animals, leads to the
formation of haploid garetes.

Garetes are formed from special ised diploid cells.
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The key features of neilcsis are as follaas:

- Meiosis involves o sequential gycles of nuclear ad celll division calledmeiosis | and meiosis 11 but only
a single gycle of DA replication.

* Meiacsis 1 - Heterotypic division or reduction division. It leads to reduction in chranosore nurbers.
Division of chromosame does not occurs in meiosis-1 and only segregation of homollogous chranosames

Bivatent) takes place.

- Meicsis | is inrtiated after the parental dhramosares have replicated to produce identical sister dyaratids
at the S phase.

- Meiosis 1 involves pairing of hamologous chromosames and recarbination between them.

* Meiosis 11 :- This is a homotypic division or equational division. It does not leads to any in

chromosome number .

- Meiosis 11 is just like mitosis. Division of centrarere ocaurs during meicsis 1.

- Four heploid cells are formed at the end of neiosis 11. Al the four dougther cellls proo o;® PIcsIS are
ogenetical ly diffrent from each other and also differ fran the nother celll.

* In meicsis, division of nucleus takes pllace twice but division of chramsare &y once.

Meiotic events can be grouped under the fol lowing phases :

Meiosis | Meiosis Il @&
Prophase | Prophase Il Q
Metaphase | Metaphase Il @
Anaphase | Anaphase Il O
Telophase | Telophase Il C)
Interphase — sane as in mitosis Q
Stages of meiosis |
1 Prophase — 1 = Typically longer and more lex when compared to prophase of mitosis. Prophase 1 is

classified infive substages -

@ Leptotene r Chromatin threads é@m chromosames. Chromosanes
are longest & thinest. Chr gradually visible under the
light microsoope.-

* On Chromosares, bead like st present i.e. chromreres. All the
chramosomes in nucleus di towards centrioles, so group of
chramosames in nucl like a bouguet in animal cell. (Bouguet

stege).-
At this stage o i a peculiar type of orientation of chromosomes—
animals show while plants synizesis type.

©® Zygotene totene — Zygotene is characterized by pairing of

omosomes (Synapsis). Pairs of homologous chromosomes

ivalents. There develops a structure in between homologous

, Which is termed as synaptonemal complex. Synaptonemal
oefplex is composed of three thick lines of DNA and proteins. According to

ses (1956) synaptonemal complex helps in pairing and chiasmata
formation.

©  Pachytene (Thick thread) — Due to increased attraction, homologous
chromosames tightly coil around each other.

* Both chromatids of each chromosome become distinct.

* Each chromosame in a bivalent at pachytene stage distinctly show two
chromatids (Total four dhromatids), as a result of vhich bivalent real ly arsists
of four chramatids and is called a tetrad. Both the chramatids of a chramosome
are cal led sister chromatids.

C. Pachytene
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* Bivalent is called tetrad and each chromosore is called Dyad.

* Recombination nodulles between nonsister chromatids of homologous pair develop and these non sister
chromatid exchange their parts i.e. crossing over. Crossing over was discovered by Morgan and Castle in
Drosophila.

Breakage and reunion theory = Stern and Hotta
* Breakage and reunion theory is appropriate theory for crossing over which is explained with the helpof a most

accepted model (Hybrid DNA model) of Holiday and Whitehouse. P

* As the result of crossing over cross
like structures—chiasmata (discovered by Janssen) form in
* Nurber of chiasmata (singular- chiasm) per bivalent the length of chromosame.
@ Diplotene — The begining of dipotene is recogni dissolution of
synaptonemal carplex (desynapsis) - Homologous ch start repulsing
each other so x-shape structures gppeard chiasmata becare visible.
* Diplotere Qictyotere) may last long up years (in oocytes of sae
vertebrates, 12 to 15 years inh e)
* Acoording to modem scientists not the reason but are only the

result of aossing over-. &
© Diakinesis —

* It is final stage of

* I\/arkedtytermlral of chiasmata (Chiasmate open in zip like manner).
* y condensed and meiatic spindle is assenbled to prepare
the mnﬁ romosaome for separation.
tonards the opposite poles.
* By)he end of diakinesis nuclear membrane and nucleolus disappear -

taphase 1 :

Bivalents arrange on equator (congression) of cell to form metaphase plate. The microtubules from the
opposite poles of the spindle attach to the pair of hanologous chromosome.

E. Diakinesis

Three types of spindle fibres gppear inthe celll -
(i) Chramosomal/ Kiinetochore Spiindle Fibres
(i) Supportiny/ Cortinuous Spindle fibres

@Gii) Interzorel Yoirdlle fibres.
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3 Anaphase 1 :

* Due to shortening chromosamal fibre and expansion of interzonal fibre homologous chromosomes segregate
fran each other and move tonards the opposite poles. Sister chraratids remain associated at their cantroreres
(i.e. dhranosones remain in double chraratid stage)

* Anaphase 1 is characterised by segregation or disjunction of chromosomes. Division of centrorere is
absent. Angphase | is responsible for reduction in chramosome nurber in daughter cells.

4. Telophase 1 :

The nuclear membrane and nucleolus reappear. Although In many case the chromosomes do unde aue
dispersion, they do not reach the extrerely extended state of the interphase nucleus. O

Cytokinesis | :

*  Qytokinesis folloss telgohese-1 and adiploid (@) celll divides into o heploid () % This is called as
diadof Elis.

*  Inaninals by constriction & furrow formation (SUCCESSIVE). @

* Inmost of the plants oytakinesis does not ooour after neicsis 1.

* Gap between meicsis 1 admeiosis 1 is called Interkinesis. Pre i osis 11 ooour during interkinesis.

Itcan™tbe termed as interpmsebecaﬁerqolimtimch\IAis

Prophase | &\ Metaphase |
‘é Stages of Meiosis |

* Interkinesis i }Iyshort Iived. Interkinesis is folloned by prophase-11, amuch sinpler propese than
prophase-1

oy

* Majgsis 11 is initiated inmediately after cytokinesis, usual ly before the chranosares have fully elagated. In
contrast to meiosis I, meiosis 11 resenbles a normal mitosis. The nuclear menbrane disappears by the end of
?Brophase 11. The chromosomes again become compact.
2 Metaphase 11:
* At this stage the chromosames allign at the equator and the microtubulles fram opposite poles of the pindle
get attached to the kinetochores of sister chromatids.
3. Anaphase 11:

* It begins with the simultaneous splitting of the centrarere of each chramosare (Which waes holding te sister
chromatids together), alloving them to move tonard opposite poles of the cell.

Telophase |
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4. Telophase 11:

* Meiosis ends with telophase 11, in which the two groups of chramosomes once again get enclosed by anuclear
enelgre; oytakinesis folloas resuliting in the fomation of tetrad of cells 1 -e., four heploid daughter cells.

Prophase I Metaphase I
Telophase Il
Stages o iosis 1l
Types of Meiosis :-
* Zygotic or Initial meicsis - When the neiosi@fe cycle of an organisnoccurs in zygote cell. eg. inalgee,
fuoi.

* Sporic meiosis or Intermedia%io is - Meiosis takes place during spore formation.
Eg- all the plants exoept algee.
* Gametic or Terminal Meiosi&-\wi is during the gamete formation. Eg. Animals.

Significance of Melosis - g%
(1)) Melasis is§s ism by which conservation of specific chranosome nurber of each species iIs
achi C generations in sexual ly reproducing organisms, even though the process (per se
V) results in reduction of chromosome numoer by half.
Increases the genetic variabil ity in the popullation of organisms fran one gereratiion to the next.
ations are very important for the process of evolution.

%]

Y4

?\ AMITOSIS

* Name "Amitosis™ was given by Remake and detail of anitosis is given by Fleming. It is most primitive type of
cell division. Condensation of chranosares not ocours in anitosis. Chramosanes are not visible durirg division.
It is a process of division without recognizablle chranosomes. Anitosis does not involve the formation of
spindle. Division of nucleus is direct. i.e. without sequential chenges (prophase, metaphase, angphase & telo-
phase). Inanrtosis, division of cytoplasm and nucleus ocaur sinultaneously by the constriction. Inamitosis
division may be equal or unequal . Anitosis is fastest cell division which may complete 1n 20-30 minute.
Anitosis is cell division of prokaryotes. But exceptionaly also ocaurs in sare eukaryotes.
eg- yeast-budding ocaurs by anitosis.
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* In anoeha nulitiple fission ooours by anitosis.

* In Paramecium division of meganucleus.

* In mamals—growth of foetal menbranes (@amion, chorion, allantois, yolk sac)
* Division of mitochondria and chloroplasts.

Difference between mitosis and meiosis.

S.No. | Mitosis Meiosis
~
1. GENERAL éo_

1 The division coaurs in soatic cells. It ooours in reproductinve cellis.
2 Both diploid ad heploid cel Is show mitosis. Meicsis is fourd anly indiploid

(or in4n, 6n, 81)
3 Itisasirgledivisio. It isadoble division. \
4. Mitosis produces two cells Meilcsis produces
5 It does not introduce variation. Melasis i

exchange.
6. Number of chromosome same as mother cells. Ch
7. It is required for gronth, repair ad healing. NEE

2. PROPHASE U

8 Itissipler. Prophase - 1 is complicated.
Q. Boucuet stage and synapsis absart. C) Bouquet stage (Synizesis in plants) and

SYgpEsis ooour's.
10. Crossing over and chiasma not seen. Crossing over and chiasm formation occurs.

METAPHASE

1. Chromosome as bivalet and four
cromatids.
12. Cermtrareres projects tonards the poles.
4. ANAPHASE
13. devides during anaphase. Division of centrarere is absent inangphase - |
14. are single chromatided. Chromosome has two chromatids.
15. two chromatids of a chromosome Chramatids do not separate in anaphase-1
2| separate and becaome as daughter
chromosomes.
- Chromosames moving towards the Chramosones are dissimilar.
opposite poles are similar
5_TELOPHASE
17. It iIsanessertial inwhich nucleolus Telophase-1 may be absent.

and NM reappears
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| 6. CYTOKINESIS |
18. Cytokinesis takes place. Not compulsory (simulteneous after both the
divisias inplaits)
19. Daughter cells posses sare genetic Al four daughter cells are differ.
S.No. | Mitosis Meiasis - 11
1 An interphase coours prior to mitosis. Interphase may or may not present prior to
meicsis-11 if present tren called interki %
2 S-phase present. S-phase absent.
3 Daughter cel Is formed after mitosis Differ franmother cell, quantitati
resanble tomother cell. qelittively. \
4. Longer Sorter. E&

SPECIAL POINTS Q/

* Intermediate filarents has size/diareter in between microfilarents les. These fillarents form
basket like structure around the nucleus.

* Cadherins called as cell achesion molecule.

* Spectrin - (Responsible for structural integrity & bi
in spectrin makes humans anaemic, leading to abnormali

RBC membrane) deficiency or mutation
of RBC which became spherical instead of

oconcave.

* Endosame (receptosame) is also recently discove 11e which consists of tubules ad vesicles and
inohal in intrecel lular traffic.

* In certain plants (Liliun) during 1 of acell are dersly clumped to ore side and rest

of the nuclleus has no chramattin netterial

rescardh.
* During the leptotene stage is attached to nuclear envelope by attachment plate which is

mede up of by specific protei t this time, chromosames directed to centrosome and appear as Bouquet.
* Chiagma fomation is the 1 crossing over, this is explained by F. A. Janssen wirth chiasma type theory (or

is called synizesis. Its significance is subject of future

ore plare theory)
* Genes for 5-s r-R ts separately than NOR.
* In ective state of ria, (metabolical ly busy state) nurber of cristae is high and matrix is srall. (con-

, metabolical ly relax, than size of matrix is large and less numoer of cristae this is called

ite of mitochondria.

* etalolical ly active cell have more dense/developed E.R.

* Po;in proteins form pores in outer mitochondria and bacterial membranes.

* Erythrocyte membrane in human contain about 40% phosphol ipids and 52% proteins.

* Gererally root tip of onion used for study of mitosis (20=14)

* Chramosome doubling without division of cell can induce by colchicine. This event is called C-mitosis.

* Telarere is concem with ageing of organisrs.

* Differential staining of craratin net is called heteropyanosis. Bx. Barrbady.

* In same organiars karyokinesis is not folloned by cytokinesis as a result of which nultinucleate codition arises
leading to the formatin of syncytium (eg- 1iquid endosperm in cooconut).-

* In animals, mitotic cell division is seen only in deploid saratic cells. Against this, the plants can showvmirtotic
division in both heploid and deploid cells.
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