Guiding Questions

How can large numbers of genetically identical cells be produced?

How do eukaryotes produce genetically varied cells that can develop into gametes?
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Linking Questions

2/’ Theme: Continuity + Change
’ Level of Organizabion: Cells

What processes support the growth of organisms?

How does the variation produced by sexual reproduction contribute to evolution?
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https://pdb101.rcsb.org/sci-art/goodsell-gallery/jcvi-syn3a-minimal-cell
https://www.noteworthyscience.com/

D2.1.1

D2.1.2

D2.1.3

D2.1.4

D2.1.5

D2.1.6

D2.1.7

D2.1.8

D2.1.9

D2.1.10
D2.1.11

SL LEARNING OUTCOMES

Generation of new cells in living organisms by cell division

Cytokinesis as splitting of cytoplasm in a parent cell between
daughter cells

Equal and unequal cytokinesis

Roles of mitosis and meiosis in eukaryotes

DNA replication as a prerequisite for both mitosis and meiosis

Condensation and movement of chromosomes as shared
features of mitosis and meiosis

Phases of mitosis

Identification of phases of mitosis

Meiosis as a reduction division

Down syndrome and non-disjunction

Meiosis as a source of variation

In all living organisms, a parent cell—often referred to as a mother cell—divides to produce two daughter
cells.

Students should appreciate that in an animal cell a ring of contractile actin and myosin proteins pinches a cell
membrane together to split the cytoplasm, whereas in a plant cell vesicles assemble sections of membrane
and cell wall to achieve splitting.

Include the idea that division of cytoplasm is usually, but not in all cases, equal and that both daughter cells
must receive at least one mitochondrion and any other organelle that can only be made by dividing a pre-
existing structure. Include oogenesis in humans and budding in yeast as examples of unequal cytokinesis.
Emphasize that nuclear division is needed before cell division to avoid production of anucleate cells. Mitosis
maintains the chromosome number and genome of cells, whereas meiosis halves the chromosome number
and generates genetic diversity.

Students should understand that, after replication, each chromosome consists of two elongated DNA
molecules (chromatids) held together until anaphase.

Include the role of histones in the condensation of DNA by supercoiling and the use of microtubules and
microtubule motors to move chromosomes.

Students should know the names of the phases and how the process as a whole produces two genetically
identical daughter cells.

Application of skills: Students should do this using diagrams as well as with cells viewed with a microscope or
in a micrograph.

Students should understand the terms “diploid” and “haploid” and how the two divisions of meiosis produce
four haploid nuclei from one diploid nucleus. They should also understand the need for meiosis in a sexual life
cycle. Students should know the names of the phases and be able to outline the two rounds of segregation in
meiosis.

Use Down syndrome as an example of an error in meiosis.

Students should understand how meiosis generates genetic diversity by random orientation of bivalents and
by crossing over.



D2.1.12

D2.1.13

D2.1.14

D2.1.15

D2.1.16

D2.1.17

HU LEARNING OUTCOMES

Cell proliferation for growth, cell replacement and tissue repair

Phases of the cell cycle

Cell growth during interphase

Control of the cell cycle using cyclins

Consequences of mutations in genes that control the cell cycle

Differences between tumours in rates of cell division and growth
and in the capacity for metastasis and invasion of neighbouring
tissue

Include proliferation for growth within plant meristems and early-stage animal embryos as examples. Include
skin as an example of cell proliferation during routine cell replacement and during wound healing. Students
are not required to know details of the structure of skin.

Students should understand that cell proliferation is achieved using the cell cycle. Students should understand
the sequence of events including G1, S and G2 as the stages of interphase, followed by mitosis and then
cytokinesis.

Students should appreciate that interphase is a metabolically active period and that growth involves
biosynthesis of cell components including proteins and DNA. Numbers of mitochondria and chloroplasts are
increased by growth and division of these organelles.

Limit to the concentration of different cyclins increasing and decreasing during the cell cycle and a threshold
level of a specific cyclin required to pass each checkpoint in the cycle. Students are not required to know
details of the roles of specific cyclins.

Include mutations in proto-oncogenes that convert them to oncogenes and mutations in tumour suppressor
genes, resulting in uncontrolled cell division.
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Include the terms “benign”, “malignant”, “primary tumour” and “secondary tumour”, and distinguish
between tumours that do and do not cause cancer.
Application of skills: Students should observe populations of cells to determine the mitotic index.



D2.1.1 —Generation of new cells in living organisms by cell division. D2.1.2—Cytokinesis as splitting of
cytoplasm in a parent cell between daughter cells. D2.1.3—Equal and unequal cytokinesis. D2.1.4—Roles of
mitosis and meiosis in eukaryotes. D2.1.5—DNA replication as a prerequisite for both mitosis and meiosis

cell division - mother (parent) cell divides to produce two daughter cells X cell theory: all liw'rg organisms comprise one oc more cells which acise from pre- existing cells from cell division @ cell strocture AL2

> process vsed for asexval @ cet growth @ oA fcphcabon ® mitasis - nuclear division cybkmes;s = cytoplasm division mitosis ° nuclear division (esulting in 2 identical nuclei IS necessary prior
teproduction and Somatic to cell division as it cnsures each davghter cell hos a nuclevs with identical
cell growth in cvkaryotes : ‘ - @ - ® @ @ - chromosome number and composition to parent cell - preserving the genome
S process used for gamete @ cell growth plica bcn @ meiosis | tokmes;s / @ meiosis Il @ ¢y tokinesis Il meiosis - nuclear divisions resultin3 in Y haploid unique nuclei

formation in sexval is necessary for gamele formation as it ensures each daughter
reproducing evKaryokes : e ‘ — @ - ‘ ‘ - Q_©O - ©QE cell is genetically umque(mcmsmg genetic voriation) and Contains half
- the number of chromosomes ensuring the correct chromosome number is

\> somatic cells carry ovt these events as cxpandcd in HL maintained offer fectilization ~~~n) + @ - @
acyde with intecphase being the
longest as it involves cell growth, growﬂ\. interphase DNA replication (duph'cal.ian of genetic ma(:crial.) is a precequisite for both mitosis and meiosis @ onA ceplication 11
gene expression and DNA replication
s during replication. both 1he DNA and histones duplicate resulting in cach chromosome consisting of two ideatical chromatids
X number of chromosomes doesnt chonge  ex: in humans  Hb x ' — Hb xx
/ mitosis growth

Cy&okinesi& * the splitting of the tytoplasm in o parent cell jnto daughter cells \> sisker chromatids are attached together ot The ceatromere region and by
X note: chromosomes will not condense and appear as below until prophase

Qanima! cells: contractile ring of actin and

myosin proteins poll cell membrane £o3e+l\er

@ chromosome C - ) S S d\romosome[

forming o cleavage furrow along cell equator > g§ §§; « - < e &N @200 - 0 e
Once it reaches the center, cells pinched apart. centromere
Process is centripetal - from outside to inside (’\Z-‘, @ ol
R=0 IO E I@H]]]]IU]E@IE
\> plant clls bing vesicles from Goli fo > I
cell equator which fuse together, forming cell plate R N
Cell plal:e extends ovtward by further fusion until N ‘\U_“/' @ \S> mitosis chromosome  chromosome sister chrombds s-skr chromatids
it reaches original membrane and cell wall - dividing cell coo o—>0o —— separation of identical
Cellvlose is secreted fum-'ns new cell walls ) o~ @ sister checomatids , fesulting DNA rgphcahonA mitosis
Process is centrifugal - {rom center , moving out ‘\U_“,' ‘\U_“,' 1 in davghter cells which are
clones of pnrenf cell | chromosome chromsome|
> cytokinesis is typically equal where both dau:;hl.er cells receive roughly egual volume of cytoplasm and at least homloaous pair '\mloaws pair hamlo,ws pair hml.,.us pair
one mitochondrion (and chloroplast in plant cells ) as each. can oaly be made from pre-existing ones

S MmeiosSi S
X Unegual cytoKinesis in oogenesis (after meiosis | and ) X Unegual cytoKinesis in ygase budd,’n‘a ( asexval reprod uch'on.) meiosis | Separates homologous
much smaller chcomosomes, halving the chromosome meiosis Il S

o . x
results in small polar bodies >
O< o . polas @ ]
which. degenerate and not vsed dayghter cells number (Zn = n)
O loge cell with most of cytoplasm > i i bud of€ from meiosis Il separates sister
mciosisl meiosis |l matures into nutrieat-rich ovom ] 1 i i

lacge mother cell chromatids, haling genetic material




D2.1.6—Condensation and movement of chromosomes as shared features of mitosis and meiosis.
D2.1.7—Phases of mitosis. D2.1.8 —Identification of phases of mitosis

Mitesis (nuclear division) occurs after interphase and consists of Y main phases:
Prophase —> Metaphase —> Anaphase —> Telophase. Afterwacds the cytoplasm divides vie. cybokinesis rwminj dayghter cells

Inicrghase - before mitosis

Duplicated uncondensed chromatin. enclosed in nuclear envelope
X individval chromosomes not visible , nucleolus visible
Centrasome (microtobole organizing Center) has duplicated into two
centriole
a(}ccnhosome

nuclear envelope

Prophase

nuclear envelope breaks down and fragments into vesicles

. —— Centrosomes start forming , extending out (mitokic spindle)
. S as lengthen , centrosomes migrate to cell poles
chromatin condenses into discrete chromosames

X individval chcomosomes visible

sister chromatids

Kinetochores form at centromeres

( 2 per chromosome) Kinetochore

= chromosome

Metaphase

attach to Kinetochore
\> sister chromalids within each chromosome are attached fo poles
\S> Contraction. and tension from and microtubule
motors move the Chromosomes fowards The center
chromosomes become aligned alang cell equator (metaphase p!al:C)

Anaphase

are cleaved,, Separating chromatids from each other

chromabids polled apart, moving towards opposite poles due to:
\> Kinetochore shortening

\> entrosome (spindle poles) moving apart, lengthening cell
Chromatids now referred to as davghter Chromosomes

’Eloghase

Both sets of identical daughter chromosomes arrive at the poles
Pf_\ }—— nuclear envelope reassembles around chromosomes

o Chromosomes decondense into more loosely-packed chromatin

depolymerize
!
‘/\ Kinetochores dissociate from chromosomes

contractile ring forms for Cytokinesis

@Aw.leic acids Al.2

€okaryob‘c DNA ;s wmpfer)-around b proteins 'ﬁrminj chromatin

> helps organize and control the relative compaction and gene expression in specific sections
X

\>Jdn'n3 interphase chromatin is less condensed overall do allow for ceplication and gene expression

(',ishlly-— packcd @ gene expression. D2.2

hetero chiomatin

loosely - packed

euchromatin

RNA

v

X Both mitosic and meiosis requice chromatids fo be separated and for chromosomes to move
to opposite poles - 1his cannot occur reliably if DNA s decondensed

\>d\roma(:m. becomes supcrcailed into very Compact chromoSomes
racilitatins ond oganizing chiomosome migration - like compressing files

€X' in an average condensed chomosome there is 50,000pm of DNA packed within 5ym —> /0,000:/

During mitotic and meiotic phases, chromosomes doit move independently buk are polled
using microtuboles and motor proteins allowing them to align and segregate to opposite poles

\> The Kinetochare. is bound Lo exteading
from the centrosomes at he pole. Kinetochore motor
proteins degolymerize microtuboles by femovigg tubulin
protein subuaits from end (shortem'o\3 microtubule) and
‘walks’ along it , moving chromosome towards fhe pole
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\> motor proteins are bound in between ov«l“ﬂ'i"ﬂ @2@3@%
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. They move foward the microtubule
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ends ina stepuwise ‘walking' motion , Scneral:inj

force which moves microtubules fowards motor protein

fhe poles - movina poles apart and |¢03+h£ni15

cell ( con{-ribul:ir!, $o chromosome mouemcn('.)



D2.1.9—Meiosis as a reduction division

D2.1.11 —Meiosis as a source of variation

Meiosis (reduckion du‘v:sian)oaw.s after interphase and consists of 7 rounds of division — meiosis | and meiosis Il , each consisting of U phases followed by Cytokinesis

Meiosis | - separation of homalogous chromasomes

Prophase. |

nuclear envelope breaks down and fm3menl:5 into vesicles

Centrosomes form (Spindle) and migrate to cell poles A

chromatin condenses into discrete chromosames

homologous chromosomes pair up , forming bivalents

S Seneb'c recombination : non-sister chromatids
crossover at random points (chiasmate) and
exchange alleles - sister chromatids no

Iorger identical = increases genetic variation chiasma
Metaphase |
The 2 Kinetochores on 1he sister chromatids of a chromosome o\

are linked legether by proteins - acting like a single Kinetachore
attach to The Kinetochore of chromosomes
(both chromatids of | chromosome attached to | pole)

\> Contraction and tension from and microtubule
motors align bivalents along cell equator (me&aphase Plake)
orientation of each bivalent along equator is random and
independent of the ofher > increases genetic variation

Anaphase |

are cleaved along chromatid arms but not at the
centromere - separating bivalent bot Keeping sister chomatids joined
homologovs chromosomes are separated, moving towards opposite poles

S Kinetochore shortens and centrosome move apart

A
Telophase |

| of each homolagous chromosome arrives at each pole
X eoch chromosome consists of Z non- identical sister chromatids S
nuclear envelope reassembles around chromosomes
Chromosomes decondense into more loosely-packed chromatin

depolymerize

Contractile ring forms for cytokinesis /ﬁ&%%
Cytol(inesis | %\ /U
Cytoplosm and cell divides . Division is equal in Spermatogenesis —

and vaequal in oogenesis (Bm.‘ns lagge cell and small polar bod]
both cells are haploid and genetically unigue. No DNA replication. |

72
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/’ very similar process to mitosis

Meiosis Il - separation of sister chromatids

Prophase. Il

MD 7 /l\\\p A

S
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nuclear crwelope breaks down and Fra_gmenl:s into vesicles
Centrosomes Gorm

and migrate to cell poles

chromatin condenses into discrete chromosomes

Metaghase. ||

o\ o\

o\

§, 2 DN B D Sy
Cp @mis

S 7

attach to Kinetochore
\S sister chromalids within each chromosome
are attached fo poles
Contraction. and tension from
and microtubule motors align chromosomes
along metaphase plate

Anaphase Il

at cenfromere ore cleaved, separating
chromatids fiom each other

chromatids pulled are separated, moving towards poles
S Kinetachore shortens and
centrosome move apnrt

chromatids now referred to as chromosomes

Telophase Il

[ of each. chromosome acrive at the poles
nuclear envelope reassembles around chromosomes
Chromosomes decondense
depolymerize
contractile ring forms for cytoKinesis

Kinesis ||

(250 ; vides (equall )
% p D = o AN Cytoplosm and cell divides \equally or unegually
NZo | [

D)D) (B

/7N
~20
SIS

Eoch cell (same(:c) :

> haploid nuclevs, | copy of each chromasome (n)
> genetiaally unique from each other and parent
will gpecialize into sex cell (S{mm or oyum)



D2.1.11—Meiosis as a source of variation.

D2.1.10—Down syndrome and non-disjunction

Crassing over (intrachromesomal recombination.) between Huo homologous chromosomes' non-sister chromatids results in recombinant chromosomes ; increasing genetic variation.. Occuts in Prophase |

@ Synapsis : pairing up and joining of homologovs chromosomes. formiag o bivalent

@ Crossing-over * non-sister chromatids exchange alleles at points along he
chromatids (chiasmata). The location and number of chiasmata is random

@C‘\roml-.ids hat crossed over afe retombinants.
Sister chomatids of chromosome non-identical

Tbivolcnt /\

Kinetochore ———},{/;;‘P ; a W b D) @ Tl /b D) | {(& >~ D)

sisﬁu chromatids T — O (9/ \ i O o o b D) — @/ <>§‘5D :: 8 J) b D (A B B "')
/7)}?&- A l 8. 4) @ AL D) 1 b D) "Bl 4) (@ ‘ b D)
(Cﬁ‘9 y / @ A 8 _d) @ B 4) : {(A B _4)

< trve view > < Il /\ t)up“ml:!() Pammd chromoSome — chiasmata. - \a/lleles DNA strands are cut, recombinants

duplicated maternal chromosome —

swappcd and rgjoined

non- recombinant s

Random orientation (im‘ercha»mosomal recomb.'na{-.ion,) of paics of homolosous chromosomes (bivalents) at equatoC resulls in independent assortment of alleles (for non- linked 3cnes). Occuts in Metaphase | @ inheritance 3.2

\> The orieatation of one bivalent is rondom
and independent of other bivalents

.2 possible weys of orranging chromosomes
wheee n is the number of bivalents

A" "a.

BH "b

Non-disjunction : o failure of separation of chromosomes during meiosis, resulting in a gameke wilh one chromosome
too many, n+) (frisomy) or foo few, n-I (momsomj). Ercor occurs in either  Anaphose | or Anaphose Il

A\

combination 1 (AB)

A ""a
=
B “Hb

arrnnsemcnt 1

A’ iA a'
5 b'

3 3

X humans: 2= > 8 million. possible combinations

\> Down Syndcome (l:risomy 21) ocurs when a gamete that had a non-disjunction of chromosome 21 packicipates in
fectilization. The fetus will have YF chromosomes (24+23) ond 3 copies of chtomosome 21

«nov\-digunctim «

A 2\ Anaphose | A A
« ) « )

' AN \ «non-digunctim SN |
N -\ A€ T\ Anaphose |l o\ -\ o\ -\
C 2 C 2 C 2
v
amete
Ho oG 0 =00 o0 )0
ntl ntl n-| n-| ntl n-| n n

combination 2 (ab)

.

{b

A a
A
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arransemml: 2

o
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combination 3 (AB) combination Y (GB)

A
>
b

Mitosis

Meiosis

DNA replication

number of
divisions

formation
of bivalents

segregation

resulting
dauahl:er cells

role in animals,

plaats, Congl

in interphase before Mitosis
| found including:

Prophase, Metaphase, Anaphase,
Telophase and cytoKinesis

does not occur
sister chromatids in anaphase
2- 3cnd:|'m[|y identical

same chromosome nomber as parent

proc)or.es cells for Sm""‘" repair,

and in some cases asexval reproduction

in, inter phase before Meiosis | not Meiosis I

2 rounds, each including:
Prophase, Metaphase, Anaphase,
Telophase and cytokinesis

occurs in Prophase | along with
crossing over behween homologous
non-sistec Chromatids , l-'ormins chiasmata

homologovs chromosomes in anaphase |
sister chromatids in anaphase |l

4 - 3¢nel:ica(|y unigue
haploid

produces unique hqploic) gametes
for sexval repror)uction



HL D2.1.12—Cell proliferation for growth, cell replacement and tissue repair. D2.1.13 —Phases of the
cell cycle. D2.1.14—Cell growth during interphase. D2.1.15—Control of the cell cycle using cyclins

Cell proh‘fcml;iou : overall increase in number of cells due to rate of cell growlh and division > rate of cell death. unired in animals and plaats for 3 primacy reasons:

> Growth : inccease in bady size /mass 1 S L"mp_lg_um_m_t: rootine replacement of cells S Lissue repair : healing affer loss or damage to lissves
R g/\? with limited Iifespan

ex: arawik P\a!as at ex: apical meristems in Plan{ ex: surface X Hair follicle stem cells can divide and d;@Perentiate to repair SKin tissve

end of bones are shoot and coot tips lengthens [ dead skin cells —[ 4

active in jweni\es plant (pﬂ'mu} srouﬂ«) k _/

enabling rapid growth cavses plant girth new cells replace

V. o widen and slcengthen (Secmdnr] 3:00*’\) ﬁ“\ dead cells being shed
ex: early - stage animal embryos X meristems relain abilily Jo divide <|:
@ cetl specialization B2.3 and diffecentiate throughout plant's life v capidly dividing cells basal layer

Cell cycle : series of events fhal takes place in acell as it grows and divides, enabling cell prolifecation ——> Controlled by a cell cycle contral System - cyclically operating set of cellolar moalecules that triggers and regolales Key eveats

= S cyclin- dependent Kinases (cok) : enzymes which activate of inactivate proteins involved in cell cycle aclivities by

<% phosphorylating 1hem. Their concentration is constant Thioughoot cycle ot are only

¥ adding @ active when bovad 1o a specific cyclin, fo:ming a. eyclin- CDK complex

>

2

= > cyclins * proteins which requlate the progression of fhe cell cycle by binding to and activating CDKs, Triggering

J . S 6z M 5, processes. Cyclin. concentrations rise and fall throughovt cycle , Thereby impacting CDK activity and the cell cycle

NS

S 5

5 \> Between differeat phases dhere are ' checkpoints >

2 These act as control points to ensure Key events have taken

X place and cavironment is Svitable befoce proceeding o next phase r——

& X at cach checkpoint a cyclin 1heshold concentration s required 6 System S
Intcrpha.se - very active aad longest phase when most of cellular activities and metabolic reactions occor i > 6] 5 |G M> 6]5]6 Mﬁ'> &, M 6,

® Gapl (6,) Phase : protein synthesis, cell grows lacger, cytoplasm volume increases, organelles duplicate

h Synihesis (S) Phase : DNA is replicated as chromatids; dovbling total amovnt ( chomosome number unchanged) ex: cyclin-CDK activity acting at

6, checkpoint , triggering mitosis

Cycb‘n concentration

® Gap 2 ( 63) Phase : cell resumes growth and protein synthesis. Organelles duplicate. okive

\S mitochondria and chloroplasts KG />® K @
Mitotic (M) Phase : 1he djvision of the nuclevs and cell. sel€- replicate <:| <:| C(/ OMC.
G G active octive \9

@ cyclin synfhesized, o, cyclins bind with ® Cyclin- CDK complex ® Cyclin is degraded,
® CytoKinesis ° the division of the cytoplasm and cell as a whole, producing 2 daughter cells accomvlating in cell forming cyclin - CDK proteins,

2

® (Mitosis : the division of the nuclevs. Subdivided into Y phases : Prophase, Metaghase, Anaphase, Telophase

halting its action.
and increasing in Complex. when threshold which promotes specific remaing and

X some cells may leave cell cycle during 6, and enter Gap 0 ( 60) Phase where cells gifferentiate and no longer divide concentralion reached is PasseJ Cellular activities is reused later



D2.1.16 —Consequences of mutations in genes that control the cell cycle. D2.1.17 —Differences between

& tumours in rates of cell division and growth and in the capacity for metastasis and invasion of neighbouring tissue

gene mutakion '-Permav\cnl: structural changes to genes at the molecular Jevel (ie. chasge in DNA nucleotide base sequence) @ Hutotions D13
\> if o motation alters a gene involved in cell cycle control it can lead to abrormal cells and accelerated gowlh rates , potentially resulting in tumours (mass of prolifecating cells, dividing out of control )

® proto-oncogene * code for proteins which promote cell cycle progression and cell proliferation. .

X the aaspeaal of cell cycle progression  ex: RAS , MYC

S mutation in proto-oncogenes results in overactive /over expressed forms called “oncogenes

) tumour—suppressor gene -

©)

\> mutation in tumour - suppressor gene results in inactivation /under expression

* code for proteins which halt cell cycle progression fo corcect an error and repair
DNA or Pmmaée apoptosis (confrolled cell Jeath ) when an irceparable ercor is detected

X the 'brake' of cell cycle progression  ex: p53

X potation is genetically dominant - only one of the pairs in a diploid cell needs to be motated - both tumor-suppressor genes in a diploid cell need to be mutated

X motation is 3cncl:ica”y recessive

> as gene is overactive, an ovecabundant amount of cell cycle requlating proteins are synthesized > as gene is inactive, proteins which cause cell arrest, DNA repair , and apoplosis no longer synthesized

reSuIUnj in fncreased cell cycle progression and excessive cell division / 3rou'fh

bgﬂig& tumour

grow Slowly and do not
metostasize or Spread -
femaining together, encapsulated Q

within normal tissve

OOo‘!
QO

X not cancer - causing

a ianay mou(

rapidly growing, invading
nearby issues and can
metostasize, spreading
arouad the bod_y

X cancer - causing

v =

=4
0508 S
o@@

UO\,

Cancer  vncontrolled cell division of abnormal cells
in a part of the body. Involves malignant

tumours and metastasis lendir\nj fo damage

Sccondar] tumour -

anary tumour : mass of cells 3:0:.»,33
at the site where mutation first occurred
i-e. The initial tumour thal was formed

metastasis ° spread of cancer
cells to |ocations distant from
the original site. This can occor
- when some of the tumour cells
- break off and eater the blood or
lymph vessels, transporting them

to new tissves or organs

mass of cells growing

at a site different from the primary tumoor.

S cancer itself arises from mutations in a somatic cell
during an individual's lifetime and thus isnt passed on
(ie. connot pess lung cancer to oﬂs‘ning)

X some genes may contain motations whidh increases cancer
susceptibility (i.e. inherited mutation can raise lung cancer risk )

Results fom a mahanmi tumour breaking
off, me’casinsizinj and soacssful!y establishing
in a new tissve or organ

ex: primary tumour in the breast spreading

fo the |un35 o¢ brain -Forming
Secondary tumours

rcsuﬂ.icj in cells with increased ereors and overall increase in cell cycle progression

X only count cells where you can clearly see nuclevs

Agpl icakion of Skills

Mitotic index = number of cells in mitosis (Prophase + Metaphase + Anaphase + Télo@sez
total number of cells (ln{:aphase + Mitosis)

\> a measure of cellolar prolifecation. The higher the mitotic index, the greater the proportion of
cells undergoing mitosis and cell division.

\S> fhe mitotic jndex may be vsed in fhe diagnosis of cancer by comparing the value of a po&enl:;allj
cancerovs tissue to normal tissue. I€ the valve is s(gni('icant[y hishcr, it may indicate cancer as the

cells ace dividing more than expected

ex: Coleulate mitotic index :

Cells in Prophase b
Cells in Meta.phase |
Cells in Telophase 0
Total nuvmber of cells 40
Mitotic index = bt [+7+0
40
= 0.225
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https://3d.nih.gov/entries/3DPX-016986
https://pdb101.rcsb.org/motm/175
https://amrita.olabs.edu.in/?sub=79&brch=18&sim=237&cnt=4
https://pdb101.rcsb.org/motm/236
https://amrita.olabs.edu.in/?sub=79&brch=18&sim=460&cnt=4
https://www.biologysimulations.com/cell-cycle
https://media.hhmi.org/biointeractive/click/cellcycle/?_gl=1*6l8elm*_ga*MzQ0Njk0NzI1LjE3NTAwNDU5MjU.*_ga_H0E1KHGJBH*czE3NTM2NzI2NzUkbzEzJGcwJHQxNzUzNjcyNjc2JGo1OSRsMCRoMA..
https://www.noteworthyscience.com/

