D2.1.1 — Genecalion of new cells

New cells awe needed for Cell that
divides =
Growth , Pacent cell
1 pcoduces
7 2 davghiec
Repair cells.
Peproduction

New cells come from pee exisling cells

D212 — c¢ylokinesis
Cylokinesis =>division of the cyloplasm of a cell lo form 2 daughler celis
Not the division of the nuclear material
Animal cells :
a ”cleavage focow” foems Sepacales daughtec cells

fooms when ackin ; myosin proleins form a “conleaclile rmj“ undec plasma membeane | ue conicackle
cing Crea tes

theé cleav

Ping = equalor of cell
foccow

When proleins conlact, davghlec cells oce pinched aport
Plan} cells:
‘cell plate” —what goes befoe a cell wall—forms @ eguator
Once cell plake ceaches cell walls of parent cell, new walls - produced
formed from vesicles fusing do creale 2 plasma membranes
Vesicles (cosrying pechin/cellulose) via exocytoss deposit Subsances => leads do creation of 2 cell walls

[waeen]
@

PLANT CELL

CLEAVAGE _
FURROW
CONTRACTILE |
RING
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D2.1.3 — Egqoal -;unggoal cytokinesis
Usoally :
Patent cell equally divides inlo 2 davghler cell
Somelimes:

Unegoal division occors => as long as new cell hos
nocless, { midochondrion i othec organelies that can't
be Synthesized ficst by cell isel$
Ex. => buddins in yeast
Asexval cepcoduction
Nouclevs ceplicates/divides
Bod mceives a nucleos ! some cyloplasm
New cell wall constcucled o sepacale both
Ex. => Ooynesis =>eqq production
Meiosis has 2 cell divisions

Produces {1 viable oocyle f s polac bodies
N —

won't develoP
cavse lock ogganelies

D2.1.4 — Milosis ? meiosis

{ milochondria,

as they replicate

independently $om
cell

Parent
yeast cell

Nucleus
(a)
P O

\OO

Forming
of bud

Cytoplasm divides

Bud with o
nucleus
()

lac
Pobod es

Daughter yeast

Chain of yeast
cels formed

Parent yeast

Cells must ceplicale the noclevs before division o prevent anucleale cells

Anucleale cells canno! Synthesize proleins
Limited lifespan
Ex. => red blood cells
Mitosis :
Produces 2 genelically identical daughter cells
Each oce diploid (2n) — Chromosomes come in poirs
All cells have an identical / complele copy of genome
Tn osewol veproduction, foll genome - passed {o offspring
Meiosis:
Produces 4 genefically unigoe davghler cells
Each are hapbid (n) — Cheomosomes not in paics

Half the chcomosomes

Random assoriment of genes resulls in varialion

vsSed
for growt,
fepair (tissve),
'!Plawuont leelis)

3 asexovol
reproduction

* for

generaling

genetic
divecsity
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D2.1.5 — DNA replicakion prerequisile for mifosis | meiosis - o
Peior 4o cell division, DNA = elongaled Peplication occors in S-phase
hcomalin  focrm of inlecphase
Allows foc  dcansceiption ! keanslalion
To peepare foc cell division DNA - ceplicated i condenses into  chromosomes

Clconmpsomes => steuctoces that consist of 2 idenlical chromalids held togethesr by cokesin loops

[ | |
f. fo ol ! = Al licadi 1 Afle ha ! — WO GENETICALLY
Befoce ceplication | ec eplicalion | ¢ anaphase | reoweRes] | YO GeN
| = | | ﬁ/'mii:ojggzvsx‘ L ) camomro) < HROMS\SP«T\ES [
1 1 5 J
: cohesin S : 1
\id | loops &—Q sisler | 1
Cheoma™ : Cheomatids | 1 6
| | |
I ! !
! | [}

D2.1.6 — Condensalion ' movement of chromosomes
Condensalion of chromosomes helps move DWA salely 1 efficiently

From chromalin {0 chomosome stale

%? Aflec chomosomes have condensed, they have o move fo edges o
\‘ D

\% W /:1\ form 2 daashlec cells
ol

)
[CrmovosovEy” o

RO~ Cyloskeleton microlubules ace disassembled o form spindle

Supeceoi lma = DNA is wrapped acoond histone prolein, which then link together
"y
i

Used to move chomosomes during mitosis

Spindle microloboles link @/ skeoclore called kinelochor on cenfomer
of each chcomosome

Kinelochore profeins (kinesin/dyenin) ach as microtobule motor

WISTONE: A PROTEN )/
ASSOCIATED WITH DNA

ey remove microtubule dimecs o shorlen spindle

The “Spindle” is e siruclor as lls  cheomalids  apact
a whole

«n "~ / miccotobules

{ J LT

v 25m
o X Chromosome
£ X + Kinetochore

£ 4 Dynein
o] n O O Spindle pole
Cortex
X Kinetochore microtubules ‘
X Astral microtubules
(b) X Polar microtubules

> & tobulin

THE DIMERS FORM 13 PROTOFILAMENTS

LAROUND A HOLLOW CORE J

THE DIMERS HAVE A
HELICAL ARRANGEMENT

= B tlin
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D2.1.7 — Milosis phases
Fooc phases 4 ;
Pro phase Poc  Heliche
Melaphase Acobs  Todo
Anaphase ‘ ¢
Telophase

Durcing
DNA : cheomatin  form
Growth, normal cell $onclion
Synthesis/ceplication of DNA
Prophase
Cheomosomes condense
Spindle microtvbules assemble
Nuclear membrane beaks dewn
Melaphase
Miccotvboles attach Jo the centcomeres
Chromosomes  align on the equalor
Anaphase
cohesin loops ae col
Tension from spindle pulls sislec
cheomalids apacd
Sisler -cheemalids: Chromosomes move {o poles
Telophase T for 2
New nouclear membranes form
Chromosomes decondense back into cheomatin

Happens  Simollansously W/ cylokinesis

Interfase Profase Metafase

& [ Yan (N

/)\J l/\/

Dos células
ijas Telofase Anafase

NUCLEAR ENVELOPE BREAKS DOWN
_(IT BREAKS UP INTO SMALL VESICLES
WHICH ARE NOT VISIBLE WITH A
LIGHT MICROSCOPE)

NUCLEOLUS BREAKS
DOWN

CHROMOSOMES ARE SEEN TO
_CONSIST OF TWO IDENTICAL
CHROMATIDS; EACH CHROMATID
CONTAINS ONE DNA MOLECULE

> CENTROMERE

CELL SURFACE
MEMBRANE

CYTOPLASM~

CENTROSOMES MOVING TO
OPPOSITE ENDS OF NUCLEUS
WHERE THEY FORM THE
POLES OF THE SPINDLE

EACH CENTROSOME REACHES A POLE:
> CENTROSOMES HELP TO ORGANISE
PRODUCTION OF THE SPINDLE MICROTUBULES

CHROMOSOMES LINE UP ACROSS
THE EQUATOR OF THE SPINDLE;
" THEY ARE ATTACHED BY THEIR
CENTROMERES TO THE SPINDLE

EACH CHROMOSOME
SPLITS AT THE
CENTROMERE

CHROMATIDS MOVE TO
OPPOSITE POLES,

> CENTROMERES FIRST,
PULLED BY THE
MICROTUBULES

THE CHROMATIDS
START TO BE
PULLED APART
BY MICROTUBULES

F= =

CHROMATIDS HAVE REACHED
THE POLES OF THE SPINDLE;
THEY WILL NOW UNCOIL AGAIN
(DECONDENSE) (EACH CHROMATID
[ CONTAINS ONE DNA MOLECULE,
WHICH WILL REPLICATE ITSELF
DURING INTERPHASE BEFORE
THE NEXT DIVISION)

CELL
SURFACE ©
MEMBRANE

REMAINS OF
SPINDLE WHICH
IS BREAKING

DOWN CYTOKINESIS — THIS IS DIVISION

,OF THE CYTOPLASM AND CELL
INTO TWO BY CONSTRICTION

CENTROSOME— FROM THE EDGES OF THE CELL

WILL REPLICATE
DURING
INTERPHASE,
BEFORE THE
NEXT NUCLEAR
DIVISION
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D2.1.8 — rdmhfyms milosis phases
o oipm L o
Cheomatin = | . '

viSible
Gnuclei = dark
apPearance

= Chromosomes

- Cheomosomes - Cheomosomes - Chromosomes have accived @
Visible . lined oP in ';‘&V';"‘Su“:’&r WI:‘ sides of
- Nucleas envelope cell's middle ~~ "7 _1:,‘;‘:.2‘?0.::: il i "‘:"’m A
breakng down (Kreperes) -».?:2: *:m::::
- V-Shaped cefocming

Made with GOodnotes
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D2.1.9 — Meiosis as a reduclion division
Homologoos  chromosomes
Diploid cells (2n) Diploid
One from each pacent - 2n
Same genes in Same location -Body cells
Dif. alleles - Paics
- Produced by milosis
Gameles mush be prodoced by - oc fusion of n cells
meiosis in ocder for chomosome
# lo be wedoced by T
This ensores 2ygole has correcl #
of chromosomes (2n)
Done by:
DNA = replicaled once bvl, 2 cell divisions
) TWO COPIES
Meiosis . ! Meicsis It cefec o these
cell divisions
Anaphase z <> sepacation of homologous Chromosomes | .
Anaghase T _=> sepacalion of sislec chcomalids

Normal meiosis cesolls in 4 daughles cells

DIPLOID (2n)

OF EACH CHROMOSOME

Haqloid
-n
-Gameles
-Not in pairs

-pcoduced by meiosis

HAYCOIDI(n) Gameles foze

fogether.. if they

wece produced by

milosis, the 2ygole
would have 42

ONE COPY
OF EACH CHROMOSOME

ChromoSomes.

OEICHO

©20,0
|
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Meiosis T
Prophase T => crossing ovec
Melaphase T => Tnslead of all cheomosomes
Iigmla op in middle —mifosis—
homologeos paies lme vp next
lo each othec. (conlain

malching alleles from mom/ dad])

As bivalents.

Anaphase T => homologous  Ch e pairs

(now Shu“ledj ace moved 4o
poles 1 Separcaie.

Tlophase I/cylokinesis => cell pinches !
divides

Prophase |
@n=4)

Metaphase |

Telophase|

A Cytokinesis
=2
—— Meiosis Il

Recombination
can ocour
between these
two strands of

Chiasma chromosomes
_—

Chiasma

3 A

Anaphase |

>

S

Meiosis I
Prophase L <> no eeplication has occurved
Metaphasedl -> Chromosomes line vp
Anaphase=n > cheomalids spit @ cenlcomece
';Polld {0 opp. Sides
Telophase T /cylorinesis = cells pinch @ cenlec
! divide. Resolls in
4 gameles

Prophase Il
(n=2)
;| Metaphase 1

Anaphase Il

Telophase Il

Cytokinesis
0000}
:

il
REPLICATION OF CHROMOSOMES

(O
S

n n

MEIOSIS Il \
W

5@,
o

®
©-

Same
as
mi{oSiS
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P2.1.10 — Down Ssyndrome ; nondigyonclion
Nondigjonction => failuce of the chromosomes 1o separaie
During anaphase, Chcomosomes are  MEANT lo sepacale —either meiosis T or IT
Pesolls in gameles w/ oo many/ doo few chromosomes
One extca copy / no copy of pardicular Chromosome
vsally esolls in cell death
Can happen in eithec meicsis T oc I
Tf abnormal gamele = fechiliced -> 2ygole will have incorrect # chromosomes
Ex. 2>Down syndrome
Down syndrome fesoulis from Trisomy=21

Nondis Joncl-'an in anaphase T
Hignty
) Corcelated
Results in 3 copies of chromosome 21 (folal of 43 chromosomes) w/ maternal
032.

21* pair of homologous chromosomes don’t sepacale

Before
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D2.1. (1 — Meicsis => Variakion
Diversity in Sexvally -reproducing organisms:

Motation
J? ,—"w‘-'>

P L1 J

Meiosis - %

Teckiliaation

"SINGLE
CHROMATID

BREAKING AND
REJOINING OCCURS

PARENTAL
COMBINATION
OF ALLELES

A b
e emATION
OF ALLELES

ARRANGEMENT 1] [ARRANGEMENT 2| [ARRANGEMENT 3] [ARRANGEMENT 4]

L@@

SPINDLE MICROTUBULES
GROW OUT FROM THE
POLES OF THE CELL AND
ATTACH TO THE
CENTROMERES OF THE
CHROMOSOMES

EACH BIVALENT CAN
BE ORIENTED IN ONE
OF TWO DIFFERENT
WAYS

Recombination
can occur

between these
two strands of
chromosomes

crossing over Iﬁ
Happens in prophase =
Bvalend => pair of homologous - Chromosomes altached 1o
one another
synapsis => lormalion of a bivalen! (even! resolling in bivalent)
Chiasma => point of ccossing over (may be several places)
Crossinguover=> exchange of alleles belween non-3isler

Chromatids of homologous Chromosomes

# of chiasma } amount of genekic exchange = candom
A Aa a A A aa
I
By % ¥ B3 N
Aandom  orientation
Happens in melaghase T or I
= random

Alignmen? of chcomosomes
dif. alignments produce dif. combinakons of alleles
when Chcomosomes /chromalids are separaled

Mathematically possible to see possible combos (27)
Tn humans'

> "

n=23 =3383608

haploid
#
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Mecisiem

— i 3 cells are Early-
D2.1.12 — cell prolifecation ondi $feentiated animal my
- . Al : . SO +hey divide by @IS diyige ">
cellnproliferation -> capid increase in the # of cells milosis lo ceeale unkl blagtoost
plant tissve Lstoc?us
Peasons : SHOOT APICAL MERISTEM (ondifiecen)

Growth (prolifecation foc geowth)

Mollicellvlae organisms grow by adding more cells

Animal embryos }ouu —

LATERAL MERISTEMS
he®

Plant mecisiems

Apicalmmecisiems - slem cell kissve in the plad cools ! shaols
—_—

2ones of high cell division

ROOT APICAL _
MERISTEMS

cell eplacement

some cells have shoci/gelinite Ifelimes | need o be replaced continvally
Ex: skin cells

Tissve cepair

Wovnds fequire replacement of dead / damaged cells
fasiec in Some ocgans than othecs dve lo # of cells that can readily undego milosis

Skin heals guickly bc thee ore plenty of cells on the decmis almady ondecgoing milosis

{-BLOOD CLOD
éex. FIBROBLAST -

(NEWLY HEALED
EPIDERMIS
FIBROBLAST

PROLIFERATION

NEWLY HEALED
DERMIS
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D2.1.13 — Phases of cell cycle

5> + Mmass
6,56, -

: fpiae
Cell Cycle 6,
Il is doi it
cell Growth cell i domﬂ s yob

makes RNA, enzymes ! proleins eequired for

growth

Lols of respiration

DNA in nuclevs replicales

cell Division

6

2

cell conlinves {o grow
new DNA s checked
synthediaing proleins needed for division

DssmanHug cyloskelelon hotdms oganelles in

place

DNA Replicatio®

Growing in Size (cyloplas
ng in Siee lcpoplasm) __pfiaig
~#cels T nevec receve

: L the sgnal o

S:acee:": rd"'d“"l divide %un‘na 6,
S

D2.444 — Cell growth ducing indecphase dviding

dividins

|£xcepl.0n =animal embryas |

The chromakin  present in inlecphase =

telaxed, making it possible foc it Jo be transccibed
! teanslated Ny

Membrane  increases in Siu}% @ RER produces
=> vesicles that
Nomber of organelles must increase fuze w/ membcrane
to incease its
Manvfaclored by the cell (ribosomes) Size
Replicale themselves (milockondria con do his)

High level of melabolism
<< _
lots hawenig
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D2.1.15 — control of cell cycle
«€ycling => poleins that control the cell cycle

Necessary in order do pass from 1 part of cycle {o the next w CELL
-|<(; = - Z w0 DIVISION
Dif. cyclins foc each checkpoint in cell cycle S S 4 3 Qa B
o << = T w9wdd
= EZE: S £E%S 21232
cell must produce erough of each cyclin o progress = <z She BE[ESE
w Exo> zZu o FYZES
o Qawn [ayie Qo
o next slage
3 CYCLN D CYCLIN E  CYCLNA  cyeLN B
Once a ceclain Lgtlin] theeshold  ceached, the 2
o
=
next phase - riggeved g
? 93¢ z
This ensures Key processes occur @ ©
z
)
Correct time S
Cyclins bind {o enzymes called c¢yclin-dependent :3i%..ovn F) (2N=4N) @N) N 2N
glovas [ e — = Gorefmened
kinases: (CD¥) that move cells +hrough cycle ! . 23 .
) |
\
¥ [eyelin] => €DK onackive 0 L ’ L
) ceeation of
transition inlo  prepaces  Siiniliale DNA  milokic spindle
cell foc |cer|
S phase DNA replication G2 Milosis
Aftec S phase
_~ DNA has been replicated
Al corvectly
¥
G, Checkpoint ~ Cyclin B
CDK1
S M checkpoint
- D
/]
Cyclin D
CDK4
DNA
synthesis
Cyclin A
CDK2 CYCLIN AND
\ CYCLIN-DEPENDENT
. KINASE COMPLEX
= Cyclin E — P
CDK2 o
T
G, Checkpoint ®
(restriction)
Vi ConPEx
- —— TARGET PROTEN
'Befo(e Bl @ TARGET PROTEIN
. X | INACTIVE)
enlering S e T
phase Thioasns | A
iy
CYCLE
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D2.1.16 — mufalions in genes that control spindle
Genes +that control milosis
Proto -oncogenes ——SAME
Tumour - Suppressor  genes \
Tomove => unconitrolled cell division due do molabion in m
May happen in 3 ways:
Random mulation
Hecilable mulation
Exposvre Ho mulagens (chemicals/ radiakion/ infectiovs agents)

Prolo=oncogenes => genes thal control cell cycle

Can molate f become oncogenes /"'\

/,(_ode for cell cycle 90°

Oncogenes promole cell division { ace genelically  dominant very ackive
—

ovec-ride profo-onco

gene s oy
Proto-oncogene: Oncogene:
Genes that regulate cell divison Mutated or over-expressed proto oncogenes. 111 ”"
®
—m—— ~ ® ———
/ e

>icode for cell cycle “stop’

Tomour=supressor=genes => genes that prevent cell pmliwim(corred ercors dve {0 DNA damage
Mulation resolls in genelically MECESSTVE profein

yoo would need 2 of them ido aclually g¢! a fomor

Tumor-suppressor gene Mutated tumor-suppressor gene
"\ f_H
l Normal l '
Defective,
growth-
inhibitin nonfunctioning uv Radiation, Smoking
ik protein causes mutations .:
protein l -
Tumor Suppressor Genes Mutated genes :
Cell division Cell division not (normal function) (TSGs are not functioning) Cancer tumor cells Pf°|l’e'a'e
under control under control

Cancec corvelales w/ age!
& Prolonged exposure o mulagens

& + lime for random DNA ecrors
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D2.1.17 — Dif. belween tumors

Primacysdomosr => fomour cells that stick {ogether
Slakic in location

Secondary=somooe -> Some tumaue cells migrale Tloc invade reighbouring lissve (only malignant tomovrs can
The secondary locations cavse these)

Helaslasis => process of spreading lomoue cells {0 dif. body parcts
Halignant=dumove => fumours  capable of melastasizing (cancer)
Mo® lively o occor in areas of hgh cell division (0vasies, thyroid)

Cancer => disease cavsed by a malignant tumouc

Signs / Symploms:
S/ ¥k secondary
Faliaoe
Lomp under Skin Lung cells
we-dh# Changes
Muscle joint pain
Fevecs
-l
-~ BG"NG&'\ h
o-{
# cells in milosis
Mifolic index = tolal # of cells
~ —~ —T
Higher milotic index
)
v,/
Faster cell
division
v Tceatment
~
i \ )
Diagnosis Ho (: . work by slopping cell
WV
The highec the MIT 0ggwess division, fewec cells
fo a lissve’s specific in milosis ! MI decrease

standard, the moce

licely a fissve =caucerous
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