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: g MITOSIS MEIOSTS Y

Production of two genetically identical cells Production of four non-identical celle
- repair and growth Purpose ~ production of gametes (gex celle) &

~ 7 identical celle .‘). ’Q)) Reault = 4 celle

~ Eukaryotes (eomatic celle)

DINARYRPISSION bUDDING
Production of two genetically identical cells Production of two genetically identical cells
~ reproduction in prokaryotes = reproduction in yeast

~ 7 identical celle =1 new organiem

—
\ ~ Prokaryotes ~ Eukaryotes (fungi - yeaet) /

VEETOSES = Cel follow a regular (life) eycle called the GELL CYGLE, which includes INTERPHASE for growing and replicating DA
to prepare the cell to divide. The duplicated DNA then divideg in two during the process of MITOSIS, and the
cytoplagm divides during CYTOKINESIS.

The Cell Cycle

CYTOKINESIS
Cytoplagm Divides

Diploid (2n)

Nucleug Divides

Nuclear envelope
Plagma membrane
Humang have 23 paire (46

chromogomeg) but we only
ilugtrate one pair for gimp(ioh‘y

Growth of the cell
and DNA replication

Ouring , the cell undergoes growth and replication of organelles such ag mitochondria, golgi apparatug etc... To

enaure both daughter cells contain evergfhing necesgary for them to function. ONA ig algo replicated to engure they are both
genetically identical. During this phage, ONA ie NOT supercoiled; we can only observe chromogomes in prophage.




£

(Jo

JNTER2HAS! (ORHASE
START
JIERE
‘ I Centromere
=

Diﬁ(ﬁi—(én}

. Spindle fi bers (microtubules)
Brocess @ Swepaged

can repeat @ PROPHASE

# The duplicated DNA (from interphage) 5122100115 (Chromatin > METTITS3 = Midde
Chromogormes) eee page 3

% Nuclear envelope breaks down (disintegrates).

= e SpLe forme (eentrogome + microtubules) see page 4 The
L1210 u 3 (at the centromere) attach to the microtubules.

# Centrogomes moveg towardg the opposite poleg of the celle, becauge
of lengthening microtubules.

] Genetically
|dentical celle
METAPHASE
# Chromogomes line up on the equator of the cell (1121171115 717,
# The chromogomes moveg becauge of the action of the mitotic spindle.
# The centrogomes are at opposite poles.

AUAPHASE (the shortest phace)

= The S1975i0 U015 (now chromogomes), move towards the
opposite poles of the cell.

# They move becauge of /U103t 71UTELS puching microtubuleg in
opposite directiong (eee page 3).

# At the end of thie phage each pole of the cell hag a complete AVAINE = Away
1JE]1116)L set of chromogomes.

TELOPHASE

= A qet of chromogomes located at each pole.

BAULNESES W Division of .
= =
cee page S cytoplagm = A new nuclear envelope forme around each get of chromogomes.

# Chromogomeg gtart to elongate. (not condenged anymore).
# Spindle apparatug disappears.
# Cellis elongated and ready for eytokinegis.

Trlozse =Two

ﬁlleavage furrow

Chromogome ig defined by how many centromereg™ it hag:

- One centromere )
L WL q
\ Algo one centromere < ?"”‘ ) ca(le,(,i
chromogome
w8 1
9,Y U

*Narrow region in the middle of the chromogome.

Qigter chromatide
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CHUROMOSOME
\.l

O CHROMOSOMES CONDENSE ( SUPERCOIL) = during prophage ?

CUROMATIN |\
n prophage, DN/A becomeg condenged (supercoiled). (Long unwound chaing)
When DNA i agsociated
To not migplace any ONA and to prevent the strande with higtone proteing

tangling up (like spaghetti) and breaking.
Trangport of DNA ie more convenient thie way.

58
S

THE MITOTIC SPINDLE = (Centrogome + Microtubuleg)

@ Regpongible for organizing and sorting of
chromogomeg during cell divigion.

®

/

MICROTUBULE KIN[TOCI»IOR[
v (a protein compone
at the cen’rromere)/ \ICROTUBUI'[
@ MATRIX
C[NTRIOI.[
C[NTROSOM[
Thig organelle makeg @, OVERLAP

the microtubuleg MICROTUBULE

NUCLEOSOME
ONA wrapped twice
around higtone proteing

|ICHROM080M[

MICROTUBULES [produced by CENTROSOMES (specifically centrioles]], extend outward and attach to chromogomes at the KINETOCHORE.
MOTOR PROTEINS move along the OVERLAPPING MICROTUBULES by undergoing conformational changes (uging ATP), generating the
force needed to pull chromogomes apart toward opposite poles of the cell. ASTRAL MICROTUBULES help position the gpmdle apparatug.

CYTOKINESIS - the cytoplagmic divigion of a cell | Difference between Animal & Dlante Cell

Microfilaments ring—g
' Jr | PLANT CLLL
ANIMAL CELL I A CELL PLATE ig built up by
Actin & myogin vegicles that collect mldwag
proteing forme between the tuio poles of the

contractile ring that " plate coll and lay down cell membrane

pincheg a cell membrane and cell wallg, which then
foge’rher (forming expande outwards to the sides
cleavage furrow) to of the cell. Ingide To Outside. .

gllf the og’roplagm C[eavage furrowj

utside To Inide. Collwal O
y3
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' MEIOSIS - Homologous
chromogomeg
‘ Refer to page b for steps PROPHASEL

il

Diploid (2n)

METARHASE
[ndependent

INTERPIASE aggortment

ANAPHASE

Crosging over

Meiosig is a type of cell divigion that reduces
the chromogome number by half, creating four
genetically unique HAPLOID cells from a gingle
DIPLOID cell: 4 It congigts of TELOPUASE |
two stages, MEIOSIS | and MEIOSIS 11, and ie IELORHASE
esgential for sexual reproduction, enguring @TeachMe

genetic diveraity in the offepringg.

[n maleg - Spermatogenesie
CYTOKINESIS In femaleg - Oogenedie

DNA doeg
NOT replicate
between
MLIOSIS | & 11

Sigter chromatide
separate
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PROBHASEN PROPHASE NI

# The duplicated ONA (from interphage) 517200/
(Chromatin > Chromogormeg).

# Nuclear envelope breake down (1511172511 722).

¥

E Lurie 3200 forme (Centrogome builds new

microtubules to pull chromogomes into position). e Miedeee eiedh i e renibe

- The 410ETULLUREY attach to the miorQ’rubu(eg. & Centrosome movee towards the opposite polee of
# Centrogome moveg towards the opposite poles of the cells, due to lengthening microtubules.

the cells, due to lengthening microtubules.
L1 OMOLOGOUSYCHROMOSOMESY (/™ pair from
mo’rher and one pair from father) pair up.

¥ DNA gupercoile (Chromatin = Chromogomeg).

# Nuclear envelope breake down (digintegrates).

# Mitotic spindles forme (Centrogome builds new
microtubuleg to pull chromogomeg into position).

METARHASES L

H UI03301% DYz oceurs (thig ggromofeg variation). # Chromogomeg line up on the gqua{-or at the centre
Thig ig aleo known ag recombination /ecepae 61 of the cell (metaphage plate).
eIV # The chromogomee move becauge of the action of
PERPIASE ] the mitotic gpindle.
# Homologous chromogomes line p on the equator at # The centrogomeg are at opposite poleg.
the centre of the cell (121121052 20070,
# The chromogomes move becauge of the action of ANAPHASET

the mitotic gpindle. I ‘ .
& The centrosomeg are at opposite poles. #The D151 UIIUILATIDY ceparate to the opposite
# Chromogome alignment ig random (1122210201 poles of the cel.

LSS0 E00), which aleo promotes variation fage ). = Theg move b‘%Oauge Of motor proteing pughing
microtubules in opposite directiong (as seen on page 31
ANAPHASEH

TECOPHASERN

# A cet of chromogomes located at each pole.
# A new nuclear envelope forme around each get of

H The JUxULULUIS 610030 LS eeparate to the
opposite poles of the cell.
# They move becauge of motor proteine puching

: : o dront: chromogomes.
microtubules in oppogite directions fas ceen on page 31 @i et i e e exmecd)
ELOPHASEN % Spindle apparatug disappears.

% A cet of chromosomes located at each pole. # Cellig elongated and ready for cytokinesis.

# A new nuclear envelope forme around each et of

chromogomes.
# Chromogomes gtart to elongate (not condenged). ) WWWZO@W% ~—
# Spindle apparatus dicappears. ' 4% \
# Cellig elongated and ready for cytokinesis. ( Homologous chromogomes
(pairs of the same chromogorneg)
? ry [or M -
(Guesg dhich stage of mitogie each labelled cell ig in. w g
b eg. these are both
’ chromosome 3
Iy
LA
Sigter Non-Sigter
chromatide ~ chromatide
two parte of a chromosome attached by a centromere are .
referred to ag “igter chromatide”, once they separate into
ceparate cels, they can each be referred to ae “chromosome” ‘

o8 ve

aseydbuty y ‘oseydtis ) ¢ ‘oseydbigy 7 ‘oseydbiayy 1 SUIMSHY a
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. <H o4 doeg the process of meiogig promote genetic variaﬁon?J

| UUSSIIY DIZL Ouwing Orophace !
A procese where two non gigter chromatids (from a bivalent) exchange (ewap) DNA. Allows for mixing of alleles™
Recombinant chromatids *Allele ~ Vergion of a gene

- = - - -

w . w ——

- —) _‘ - ‘ Promotes genetic variation
3 :

“forming chromogomes that are
aubtly different from both parentg”

W DIDEZENDENT ASSURTIENT Ouring Metqphace 1

At the metaphage plate in metaphage |, the homologous chromogomes line up in a random faghion (in a random orientation) which allows
them to be corted into separate cells randormly, allowing for a multitude of possible combinatione.

W (if erossing over doeg not occur)

1 homologous chromogornes can yield ) homologous chromogomes can yield 4 homologous chromogornes can ield
] genetically unique gametes 4 genetically unique gameteg & genetically unique gameteg

Diploid (2n)

Diploid (2n) Diploid (2n)

Haploid (n)

loid (n)
Promotes genetic variation 4
n
/ Nmber of chromosomes Humang have 23 chromogomes ‘ } » g{g m

2" = unique gametes 723 _ 8 366, 608 unique gamefe%/': aploid )

T IRERTINZATION

Each £66 and SPLRM ig highly variable due to CROSSING OVIR n
and INDEPENDENT ASSORTMENT. The outcome of gperm one

fertilizing with the egq will be genetically different compared
to the outcome of gperm tuwo fertilizing with the egg. ,ﬂ

=
)
=

5

[magine combining crogsing over, independent agsortment and fertilization how many different combinations of genetic material we can get?
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‘ NON-DISJUNCTION A dicorder where there ig improper separation of chromogomes during meiogis, ultimately resulting in a

%amefe (gex cell) with an abnormal chromogome number. [f the digorder happeng on chromogome M (trisomy
1) we call it down syndrome.

A karyogram would reveal the third copy of
chromogorme 21

Typical featuree of tricomy 2|

Cell divigion in prokaryotic cellg,

important for reproduction. SUDDINE —  Cell divigion in fungi (yeagt),

important for reproduction.

ORIGINAL CELL Darent yeagt cell
) @® \\ Only a single Nucle \ )
\ chromogome v
acu
Bud

Replicated

V Nucleug

Ouplication of the
bacteria’s DNA

Splitting of the cell Y f
and geparation of the ) [\

two copies of DNA e Daughter
) ‘ \ ( ] yeact cell

—\\ Creating of two S\ Bud sear
@ U

— 4 identical celle

-

“Unequal eytoplagm”
NEW CELL WITH NEW CELL WITH ! yrop

COPY OF DNA ORIGINAL DNA

each Me

@







