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NUCLEUS | 2. L& (H

Plant and animal cells have a nucleus
inside the cytoplasm.

It is surrounded by a nuclear
envelope.
One or two nucleolus and the

chromatin body are present inside the
nucleus.

During cell division, the chromatin
body is organised into a chromosome.

Storage of genetic material and
transfers heredity characters from
generation to generation are the
functions of chromosome.
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Nucleus has a
membraned envelope
nuclear envelope.

Nuclear envelope encloses a
ground substance called
nucleoplasm or karyolymph.

The nuclear envelope possesses
many pores called nuclear pores.

The nucleoplasm has two types
of nuclear structures i) the

nucleolus and, ii) chromatin.
—
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The nucleolus is a spherical body rich

in protein and RNA. It is the site of

ribosome formation.

There may be one or more nucleoli in
the nucleoplasm

The“chromatin is a network of fine
threads composed of genetic
material DNA (Deoxy\ribo nucleic
acid) and proteins.

During cell division chromatin is
condensed into thick cord like
structures called Chromosomes.

The chromosomes contain genes and
each gene is responsible for one
hereditary character of the organism.
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Genes contain information for
inheritance of features from
parents to next generation in the
form of DNA molecule

afetrHeiT, GuHGmMT Sefl_uil mha HSHS
&EMEV(LPEMA) (& Ly Lol LIGUBTL| &H61T
sLGSULIhusmaTerr  Glawdlssmer  DNA

eLpsRIEE_ M) alg alsb GlLMMeTaTsT.

Li6uofl&6im
Functions Darag GlasuedlsT DI HG]
TFlem&Lom MM QIFILISLSHEMEMILILD
1. Nucleus controls all the ST R
/ SL_(HLLbhSHIHIn G

2.

metabolic activities of the cell.

It controls the inheritance of
characters from parents to off-
springs.

It controls cell division.
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Chromosomes

>Strasbi§ger (1875)  first
reported its present in
eukaryotic cell and the term
‘chromosome’ Was
introduced by Waldeyer in
1888. Y

» Bridges (1916) first proved
that chromosomes are the
physical carriers of genes.

> It is made up of DNA and
associated proteins.
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Two Identical Chromosoms

one i an exact copy of the other and each
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Based on the functions of chromosome <+ GCITECLTE&F ML & 6N 60T
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Special types of chromosomes:

» Special types of chromosomes
are found only in certain special
tissues.

» These chromosomes are larger
in size and are called giant
chromosomes in certain plants
and they are found in the
suspensors of the embryo.

@The polytene chromosome and
lamp brush chromosome .occur
in animals and are also called as

giant chromosomes.
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Polytene chromosomes

» Polytene chromosomes observed in the
salivary glands of Drosophila (fruit fly) by
C.G. Balbiani in 1881.

» In larvae of many flies, midges (Dipthera)
and some insects the interphase
chromosomes duplicates and reduplicates
without nuclear division.

» A single chromosome which is present in
multiple copies form a structure-called
polytene chromosome which can be seen
in light microscope.

» They are genetically active.
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» There is a distinct alternating dark
bands and light inter-bands.

» About 95% of DNA are present in
bands and 5% in inter-bands.

» The polytene chromosome has
extremely large puff called Balbiani
rings which is seen in Chironomous
larvae.

» ltis also known as chromosomal puff.

» Puffing of bands are the sites of
intense RNA synthesis.
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Lampbrush chromosomes:

» Lampbrush chromosomes occur at the
diplotene stage of first meiotic
prophase in oocytes of an animal
Salamandar and in giant nucleus of
the unicellular alga Acetabularia.

» It was first observed by(flemmin@in
1882.

» The highly condensed chromosome
forms the chromosomal axis, from
which lateral loops of DNA extend as a
result of intense RNA synthesis.
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> As this chromosome occurs in the + @Qene gIfl5L0Ms RNA 2 LSS Bl&wLh
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Chromosomes are thread-like
Condensed chromatin fibres
which contain hereditary

information and are visible only
during cell division.

Each chromosome consists of two
similar structures called
chromatids.

Both the chromatids are joined at
a particular  point - called
centromere.

The terminal part of chromosome
is telomere.
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Telomere

Submetacentric Acrontric

Types of chromosomes
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TYPES OF CHROMOSOMES

1
2
3.
4

Metacentric Chromosome - It is a V-shaped chromosome.
Submetacentric Chromosome - It is a )" shaped chromosome.
Acrocentric chromosome - It is a rod-shaped chromosome.
Telocentric Chromosome - It is also a rod-shaped chromosome.
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DNA Structure | L9..6T60T.6] S|60ILOLIL]

DNA (Deoxy ribonucleic acid) is the genetic material in most of the organisms
and higher organismes.

DNA is made up of millions of nucleotides.

Each nucleotide is made up of a pentose sugar, a phosphate group and a
nitrogenous base. P Py

The nitrogenous bases are of two kinds- Purines and Pyrimidines.

Adenine and Guanine are the purines and Thymine and Cytosine are the
pyrimidines. Pu, = NG Pyvi - TC
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s
The structure of DNA was proposed by Watson and Crick.

DNA is a double stranded structure in which the two strands are
coiled around each other forming a double helix.

The backbone of the helix is formed of sugar and phosphate
molecules.

The two poly-nucleotide strands are ‘held together by hydrogen bonds
between specific pairs of purines and pyrimidines.
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 The two strands run in antiparallel and opposite directions. (i.e.
they run in opposite direction 5’ to 3’ and 3’ to 5’ end).

e The two strands are intertwined in clockwise direction.
* The diameter of DNA molecule is 20A (Armstrong units).
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AGE OF OUR BODY CELLS
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DURATION OF CELL REPLACEMENT
QFLGET L|SILNGE & 91D SMTeuld

WBC — 2§ doys .

Skin cells- about every 2 weeks.

Bone cells- about every 10
years.

Liver cells- about every 300 —
500 days.

Red blood cells last for about
120 days and are replaced
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CELL DIVISION | @& 6L LIS LIL]

* All cells reproduce by ° SiDOIHE  CFLSHEHID

division and division of

cells into@m.

is called cell division.
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TYPES OF CELL DIVISION
Q&F6VL LIGLILIN 60T 616055 6IT

e The three types of cell
division that occur in

animal cells are:
* |. Amitosis - Direct
Division -
W Mitosis - Indirect

Division (Somic < A )™
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AMITOSIS (DIRECT DIVISION)
gL L F6rv (CHTWNS Q&F6V LIGLIL])

Nucleus

Nucleolus Constriction
Nucleus _

™ Daughter
; Cells

Cytoplasm Nucleus
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Amitosis is a simple method
of cell division.

It is also called direct cell
division.

The constriction gradually
deepens and finally divides

the nucleus into two
daughter nucleus.~"

This is followed by the
constriction of the cytoplasm
to form two daughter cells.

This type of cell division is
common in prokaryotes.
(e.g. Bacteria, Amoeba)

Grm(LpasGlasuli@LL (67smLnL_L meFlsr)

ey smLol_ L im&Flein  6T60TLIG (1 sTerfll (Lpemm
Qs LEGLUUTELD. @& Crieps Glasuliiflaso
6T60T I IenLpSHSLILIKISIME). 2 I &I
hevur(hl 6, FHHSHHHMBH D|HEOT EHLOULIGHSl60
GammmielaSlmal. Gi(IH &S GCllogiaims
2 sTCHTGHHGF GlasiTm (Lpigailsh 2 I &Hnemel
@wsor(h) C&iln 2 " s@mébsermsil LiflesSimg).

@emadH GQBTLng enal GCLmisrmass$lspin
HH&&D MUl (b @Wweior(h  Csil  Glasndsir
G & meoT miehleoT meot. @lsliaIemaLImesT GlarsLLNliflae0
LI &leumss LGrmGasfGuwm”_(haserflsu
SreosTUILI(blhIma). er.&m . Limdleflum, opfir.

——




MITOSIS (OR) INDIRECT CELL DIVISION
LDemM (P& QAF6L LNflFH6L (DL L ITF6rv)
* Mitosis takes place in somatic cells (body cells).

* |tis a continuous process and takes place in four phases.
 These are Prophase, Metaphase, Anaphase and Telophase.

weamps Gaiifigs o L Glasseflsh
meoL_GlumSingl. @& 6@  GISITLIT & sor
Gawsd oGl - @& HTETE [Hensusefleh
henL_GlumIEmE). Djsmeuurealssr  (Lpdeoiklemey
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@mifapstrHlensn (oo flemsv) Lo MILD
@Imi&klsmen (LeGeurmklemen)
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INTERPHASE | @) 60)L[Blém6v

1By Ssehussio - 5 cetwant| | | 1=
D _GENI) — _ i | — &
H 2\ | | 2 lr s e | = Jo=3
- (fl’,%) 11 &4 T} s Il | 4 tH3
B el S &t/ = v H\e5t) 1 ‘
i — N 3 5 Nucleus N, h\“*'—;’} E
2 5
l 1 l I 4 &l i l
@lemL_rhlemsn yGymilemen Interphase Prophase
+ Before a cell undergoes mitotic  BG ©F0 @ULLILLS GFOLGUING
LIELILIML_ S0 (&S

division, it prepares itself for the 2LUGRISNEG  (Par UG :
GeorenenTd  SWIl UbiGEHS:  GlaTerHing).

division. -
. : .| @hs ihlemeo ElenL_blsmev 6T 60T )]
The chromatin - _material e e @E@m gfinoihise

uplicates due to duplication of =" : : AlEge)
(gucleic acids. — @WLlptiLenlauger  elpsuld &GN GLOL Lo 66T
GlLiT (mL_&H6Im EEEII_II?J:IUE]LEE}E&T!DW.




PROPHASE | (l(p &6V Bleémeu

Chromatin network begins to coil
and appears as long thread-like
structures called chromosomes.

Each chromosome consists of
two chromatids that lie side by
side and are joined along a point
called centromere.

Spindle fibres are developed
from the poles towards the
centre.

\/
Nuclear membrane and
nucleolus start disappearing.
N

m GGGl ipenm

m spa)iGle(m,

6LI6M6V &i(IT 6007 (b)
HevoTL.  @lempGUITEITM  D6WLOLIL|EEITIT 60T

< @Gy CLor GamihaemT &8 G et mIEsTmeT.

@Gy GLom Gar (LpLh
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GHOTT G igMeemend Gl suoT(Hi6T e Gl
@)y 601 (b @Gy GLOL g (HEH6iT
@lemsmotihgeiter  Leirerfl Aslasim Gy bl
Db SLD.

SImeulILESulen [QTUALTS| EWLOILILD
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T &er) Gaomeormdlsorment. By SHeflusiv
o emm WHMID By SHeaflGuireusv  emmiu
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METAPHASE | Q0L L ITBlemev

e The nuclear membrane
totally disappears..”

e Chromosomes become
shorter and thicker.

e The chromatids move
to the centre of the cell
with their centromeres.

*YCentromeres are
attached to the spindle
fibres.

@

1By, Serfluisro a_6miM) (pmnlepin
LeOME SN HIEINGI.

&S G GLom GETLhEs6IT (&L GMIL_LLET SHELJLD
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ANAPHASE | 3j60TITIBl 60M6V
0 Vs
* The centromere of each @@g@s&rﬂmm(;m;ﬂmw

chromo - some w m eaGarm GCTeLTCsmflear Qe
two.. G Bwignth @y stor_ TSNS S,

* When each chromatid gets
a centromere, it becomes a
chromosome.

e One of these chromosomes

w  6pslGleum(m, @Gy GL 1 (HiLb 6(1,
Glaeom”_ G Lilwsony L Glummi, (T,
&G GLom Garoms Lo mflma).

m \Jsioi Neirig 60 T G611 (TRl (EHLIGHT 6V
moves to one pole and the @58 &CrTCLTCaTIGD QT QS
other towards the opposite SIMmEUSmS CHTESHLD LH@MTsT) 6T

pole by the contraction of SIHIGMS CETSELLD KT SeTmer.
spindle fibres.



TELOPHASE | LeGeuITBlém6v

The daughter chromosomes @mSiblene (=Geurbne)

reach the poles. o

The nucleolus and nuclear
v

membrane reappear and thus =

two daughter nuclei are

formed at the two poles of

the cell.

The spindle fibres disappear. v =

This division of nucleus is =
called Karyokinesis.

Gal @GHGrm G GaT L6 Gi(eUn! SHeneTd
GloetrmenL_SHleoTmenT.

mi SaflGumevey wmmen Kl Sefls
2 eom sor(hilh Gamesrmblms). sreorGe,
GlasuedleaT @) Si(Heumisetleppn @y evor(H
Gariil Hluy sefliusiuger Gairsor mydhlsaTment.
sTVLSl6BTIR 60 [HITTT &6l LoemmSl6aTm6uT.
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CYTOKINESIS | et &L GL.IT60 & G 60T ITF 61V

The division of cytoplasm is
called cytokinesis.

In plant cells, the cytoplasmic
division occurs by the formation
of a cell plate at the centre of
the cell between the two
daughter nuclei.

Thus at the end of mitosis, two
identical daughter cells“> are
formed.

enFL_GLmemasurerdleny  (em&_GLmiSlemr &
LiELILY)
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MEIOSIS | lSlw & erv

It is the kind of cell division that * WWI&Hev G&F LGLL @ eors

produces the sex cells or the i aadal VL3l
ametes. & 4665@L®5mm -
& . O (1H6UITE: (& 5 60T M 60T
It is also called reduction divisio,\r:é Qe GeTmey LGLIL ereTmilh
because the chromosome numbe SMLP&E LM G 60TM60T. 67 Gl6oT60T 16V

is reduced to haploid (n) from GCUTGLMGFTID  ereuoreunt]demn s
diploid (2n). V@www (2n) pleoeulley Qb
\/@@LDU.I (n) Bl6M6V LTS

Meiosis produces four daughter s e : .
A F Gon&ESLULGuSTL  WlLmElen
cells from a parent cell. VUGG e® STl Q&Feedle

%6 @QbS HBTOTES CFW QF6LSHET
6UITE & L1 (H) 5 60T M 60T.
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* Meiosis consists of two ° égﬂﬁg‘)mma Qasér?m@@
divisions. They are: SI6M6:

1.0 QamLigCrmenLLILs

1. Heterotypic Divi.s.io.n UGL) SIS WS
or First Meiotic wrelev uELY
Division o 2. GammGumenL s

2. Homotypic Division or UGS —— Sl

— - .. @) [7600T L_ITLD Sl & erv
Second Meiotic LIGLIL

Division



HETEROTYPIC DIVISION
QamL 19.CTmenL I8 LIGLIL

* |t divides the diploid celk

-/@m;am_mu_l QFev LGUIMHGSLI
. A 2N L9l
into two haploid cells. &Y

QS NA»G emenmLoul

ot QF6LEH M 6UIME GHH TN S
. e
- The  daughter  cells =" 280 2 — el oodmaflon

GSCTMCLOMGEFITLD, 6T600T6001 856008

resulting from this division ) . : ;
& IT U . Q&Fevserfleor

are different from - the

@(‘%ljrr(SLgrr(SErrLiq
parent cell in the 6T600T 6001 | 55,600 &5 Ul U @B H S
CaumiLHRMS.
chromosome number

(Heterotypic).



HETEROTYPIC DIVISION
QamLI19CrmemL LIS LIGLIL]

This consists @ Q5! 2bS bleneusemens

©1&T600TL_G)l.
a. Prophase | 1 LCTTEemey - |
b. Metaphase | 2. QoL LTBlemev — |

3. Q|60TTHlem6L — |
4. 1eB6VITHlemey — |
d. Telophase | 5. em&FL_GLmlemrme LUGLIL] — |

c. Anaphase |

e. Cytokinesis |



MEIOSIS |
Interphase Prophase | Metaphase | Anaphase |-

Cytokinesis

@
®

&
A Telophase |

—

Cytokinesis Telophase |l Anaphase || Metaphase |l  Prophase |l  INterkinesis
MEIOSIS Il
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1. PROPHASE-I LGy mmlemev-I

* Prophase | takes a longer + _LGImmleney - | heworL &imev

, . . D|6TEm6UE Q8 TE00T LSl
duration and is sub divided GLOsYILD S BIHS! 5160 60T

into five stages. BlemevEaTns Ll LB SEIeTens!.

1. Leptotene, _
5 Zveot 1. QeVLIGLITLRET,

- £YBOLENE, 2. OFHCHITICET,
3. Pachytene, 3. CGU&sHILeET,
4. Diplotene and 4. 19 LIGEITITIC60T LM MILN

. . . Interphase Prophase | 5. L_UIIT60)& 60T @6“) BenLHlensv yGyrHlenevl

5. Diakinesis. A = oy

@) - &) @ ~ (&
@ -@ P @



Leptotene: -

* They form a _bouquet
stage.

—

Zygotene (Zygon-adjoining):

*Pairing of homologous
chromosomes is called as

(synapsis. )

°/Q6\)LI(3LHLQGI3'F @ 6m6l

LLBIO&STSHS Gumeorm
6L BlemevemU L
Q@ LIM MI6ITET6OT.

MFEHCHITICIT (60F&CSHT6OT -

QEETULIMIFHEY)  REFMF
SCITGUMTGFTNGET
() 60)600T6U G FleormLI&F 6L
(ROTHQAWTHIBRIFHE)  6re0rml
MP&ESLIL (S ms!




Pachytene (Pachus-thick):

Homologous chromosomes of each
pair begin to separate.

They do not completely separate, but
remain attached together at one or
more points by X- shaped
arrangements known as chiasmata.

The chromatids break at these points

and the broken segments may be
interchanged (crossing ov/er).

As a result, the genetic
recombination takes place.

CUEH Le6T (CLUHSH 6N - H19.58:

©  R5H0F GCITGLMGEFMb&HT Lifleym
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2. METAPHASE-I Q0L L TBHlemev-I

The chromosomes move
towards the equator and
finally they orient
themselves on the equator.

The two chromatids of each
chromosome do not
separate.

The centromere does not

lelde. Prophase.| Metaphase |
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3. ANAPHASE-| 9j6oTTIBl606v-I

Each homologous
chromosome with its two
chromatids and undivided
centromere move towards
the opposite poles of the
cell. This stage of the
chromosome is called Diad.

Metaphase | Anaphase |
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4. TELOPHASE-I .eGeuITBl6m6v-I

The haploid number of
chromosomes after reaching
their respective poles become
uncoiled and elongated.

The nuclear membrane and the
nucleolus reappear and thus

two daughter nuclei are
formEd- Anaphase | Telophasel
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5. CYTOKINESIS |
en&FLCLmlemmes LGLIL] - |

* The cytoplasmic ° mgig'-".”-ﬂmng LSUY
. o e 60) L6l
division occurs and two \/ga_m,;,mﬁof,b di,%ﬁ

haploid cells— are G & 60T M1 &) 63T M 60T
formed.
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HOMOTYPIC DIVISION
CammCLmenL 98 LiGLIL

* |n this division, the two /®6“6“6m55 LIGLILI6, @revor@®

“haploid cells formed @%)Q?mﬁuujlc‘?l_mas ﬂgb’ﬁg
during first meiotic G5 meoT M| LGLILEDL S
division divide into four v BTES Camuiermmuwi(h

haploid cells. — QFaEe ComarpIETDaT.

 The daughter cells are -+ smu Q& 6L 5 6rfleor

< . : @Gnrr(‘smrr(‘serrm
similar to parent cell in eretoresoll & e EenWl]  GLIME
the chromosome G& Ul QFL& 6 laILD

number (Homotypic). &Imeoor LILI(BILD.



It consists of five stages. @&l 5 Blemeusemens;

©) &5 T600T L_60)6)
a. Prophase —
mphase — | 1. yGymmlemev- i
Anaph TD <2 QL LTEleme -
C. ANAPNase = 3. SleuTTBlemev — i
d. Telophase — Il 4. 1cGeVITBlem6V — I

e. Cytokinesis — I 5. &L GLmlerma LiGLIL - I
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1. PROPHASE-II LJGymBlemev-II

* The centriole divides into two,
each one moves to opposite
poles.

e Asters and spindle fibres
appear.
* Nuclear membrane and

nucleolus disappear.
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2. METAPHASE Il QoL Lmlemev - I

 The chromosomes get ° GCITGLTGFTIDGET

arranged on the equator. g;ﬁ%@ﬁmm. b3l
e Two chromatids are <« @uevor(h
separated. < GCrmeLmELIy L &6T Lflgey
9|60 L5\ 60T M 60T.
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3. ANAPHASE Il 9jeoTTBlemev — I

* The separated chromatids

become daughter
chromosomes and move to
opposite poles
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5. CYTOKINESIS I ma=|_(8|_rr|_‘ﬂenrra= LGLiL -l

Two cells are formed from each
haploid daughter cell, resulting
in the formation of four cells
with _ haploid number of
chromosomes.

Cytokinesis

Telophase Il
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SIGNIFICANCE OF MEIOSIS
LS wi T &) 61V 6nS) 60T (LDBS@U.IQSQ_IG)JLD

e The constant number of
fhromosomes in a given
species is maintained by
meiotic division.

\/Genetlc validation is
produced due to crossing
over within the " species
which is transmitted from
one generation to next
generation.

L wir&lenv
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DIFFERENCES BETWEEN MITOSIS AND MEIOSIS

1. ¥ Occurs in reproductive cells.

Occurs in somatic cells

Involved in growth and occurs
continuously throughout life.

Consists of single division.

Two diploid daughter cells are
formed.

The chromosome number in the
daughter cell is similar to the
parent cell (2n).

Identical daughter
formed.

cells are

2.

3.
4.

5.

6.

Involved in gamete formation

< only during the reproductively

active age.
Consists of two divisions.

Four haploid daughter cells are
formed.

The chromosome number in the
daughter cell is just half (n) of
the parent cell.

Daughter cells are not similar to
the parent cell and are randomly
assorted.



1.
2.

WL LITFerv lnmmin Slwim&lerv
@ emLudlsvieiTerr GeumiLim(p & 6T

W& erv

6L L IT& 6

2 L6V Q&F6L&6rfleL BlaLLH M

UMTD&H NS (WS

QUETIEFF emUIS Q&ITLIT

LIMBISTHMOISH DS

6 u@ﬂmumL(BLansrraiUrl_gJ.
(GLUW GFW Q&FLSH6T

& 60T L0151 60T (D 60T

ST QFeu&kefley GCFMTGLMTECFTLD

6T600T6001 & 60 | 2 6Temgl.  GUImeuBey

G&ll Q&euserflavin R 5515

smevoTLIL M\ ms. (2n).
@55 CF QFLHEIT 2_(IH6UITH 60TM6OT.

1.
2.

@ eorg QF6L&6fl6L Bl&LLRMSI

o) [N [N 6u W 6L
gm&G\&mwun@ mHmin Gl
&(@eunasasg,@eu urmaarrmg@mgj
@) u@uuassmenas Qaarramrl_gj

[T60T BLW GFUW Q&F6LSH6T
G & M60T M1 B 60T M) 60T.
CFW QFeu&saflel HMU GQF6userley
2 _6IT6lT SCIMGLTGEF LD

6eT600T6001 1 & 60 B WA ((BHSI LTS 6mey
(n) GOMHS! &mevoLILIGE DS

CFU QFUH6T SHMU GF6ULSHEMEITL
GUIMV @SB (BHLL H6eLemev LOMMILD
LIT6U6VTS NS LILIMSSL]
LIL_(H 6IT6IT6OT.



