CHAPTER 3 ~ The CELL Cycte & Mitosis
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‘lAsua\ls Sccurs as part of the ‘ ‘ . . 2:Cell division and division is ESSENTIAL
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+o asexual reproduction 3 the development

of mulficellulas organisms 3 the hansmi_ss'\on
of agenetic informdtion is accomplished in

. . . . J:hesz‘]e\\u\ur process of mitosis
“This process ensures that a cell division
‘ occuEs, with each daughter cell mher\hns
identical 9ene'cic material
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eckooint ! The cell cycle is the repeat ttern of cell
G, Checkpoin Cg‘g;f growth (increase in size):\?ol‘l)gwed by 2
awclear and THEN cytoplasmic diision Mitotic
= M Chectipoint (Sp\l'rhageof one cell 15 produce IDENTICAL indle
daughter cells in mitosis, or to produce 'SP
” UNIGUE gametes 1n meiosis) microtubuleq
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CH‘:: : 2Manu vasient of the Senera\'\zed cell cucle also exists Reaion
@ —Ce\é undergo\ng méiosis do NOT ally have a G phase 9

ex: Hematopoietic  stem cells, found in bone marow 3 produce all
 blood cells, will consistently go through these phases
g‘se Mearecongfanﬂg replicating. Oth rgce\\s, msin +he Ainetochore
nesvous” system, will no longer “divide. These cells NEVER
inE leave G, phase and are“ said fo enter o PERMENANT, non-
‘gm dividing stage (Ge)
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ex:cells in lorval tissue in Drosophila, undego MANR rounds
of DNA synthesis (S) without ANY mitosis/ cell division
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Y Staces oF Te CELL CuCLE: Sister Cwomatids
DGap @) @ Sypthesis (S) ®Gap 2 (G,) ® Mitosis or Meiosis
-First part of interphase ‘Each chromosome iS  replicated -Second hase “When the cell undergoes cell division
‘This is where the cell does its NORMAL ‘Though chromosomes are NOT ‘Cell continugs 1o arow ¥ acquire the
cﬁglhéhr ‘ﬁa{rﬁ?qnsm i grows in size—ﬂ\e n e“sreed t, bec;x#s S phase is proteins necessay for cell ecc{i‘ws\ol\
rbicularly AFTER ‘meiosis when still pa interphase , ‘they are ‘\latious chechpoint are call cgcl‘ms
daughters “are 3 replicated as TWO' sister c.hu;\cmds — Farmi :
mother cell HALF the @22 of the n‘l\géhed of the centromere family of proteins that control the

progréssion of a cell through the
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'%h@oo;og\e; scﬁon‘\:ﬂse '%mmmeée ontinie - Chismosomes are “Centromeres, split in 2 Chomosomes arrive at -ﬂn_uxq\‘ cells far
) memed #p gt tre ‘Sister  chromatids (now Opposite poles ond ﬂ\g %%r ge(\‘i)s Seperotes
spindle fibers emer ‘Kinefochores appear phase plate called Chromosomes) begin to- decondense
flom the centrosomes ot centromeres 'E‘gd&ﬂﬁs*&r Fhromatid gre g‘rbé‘ed fgm‘d ‘Nuclear envelope material
. acl s .
kcljlﬁ)enm envelope breaks Mwot;(é.‘ gpipdle Spiqd:%‘ ﬁ‘bFe:o @ wpo po iuhrfrgunds each set of Plg“; cc:‘&\m( the Precussor to
Microtubules atiach inating from Certai ! mosomes a new cefll A\l
Centrosomes move to Winetochores opboste” poles begn’ tsop"g‘&;ﬁfs Mitotic spindle breaks the daugnter Galls 0
towards opposite poles the cell down
-Spindle fibers continue
S phase of Interphase to push poles opart
-Chromosomes replicate TiPs TO RemeMBER:
“Has 2 sister chromatids attached at the centromere
IMPORTANCE 3 SIGNIFICANCE OF
‘Keep chromosome” number constant Mirosis How Mitosis Heps MH\NTA\M GeNeTIC StagiLiTY
-Maintains senet‘\c sﬁub\\ﬂg in daughter cells iP
‘Helps in growtin § development of the zygote MAT

“Helps in repair % regeneration
‘Restores nudeo-plasmic fatio
‘Checkhs cell size 3 maintains o favourable surface area/volume mtio
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‘Amount of DNA = Ic

# of chromosomes = In
UPON  FERTILIZATION

‘Amount of DNA =2c

H# of chromosomes =2n

DNA RePucATion
Amount of DNA= Yc¢
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Amount of DNA within a cell changes durilﬁ l# chromosomes = 2n

the above events
“C" representS the DNA content in a cell

*"N" represents the numbes of COMPLETE
sets of chromosome

Mirosis
‘Amount of DNA =2¢

# of chromosomes =2n

THe C-VALUE OF THE
UCLEAR GENOME

@ mitosis, N
@ - — ‘The complete set of DNA wlin
the nucleus of any organism

is called #'s nucléar me

Intesphose Pophase Mefophase and is measured asg’ +he
*Z chromosome C-value in units of either
the number of basepairs or
D picegrams  of DNA

@0
“Human

Anaphase
"4 chromosomes

Telophase

‘4 chiomosomes
2n
inter cells .
‘eacn w/ 2 chromosomes

THE ONioN TEST:

‘Deals with any proposed explanation for the function(s) P

of non-coding (‘Junk) DNA

There is a general correlation
blw the nucleas DNA content
of a ogenome AND physical
s'\ze/complex'ﬁa of an
organ\sm

EXCEPTIONS
enome contains omﬂ

3.2x10V " DNA bases whie
wheag enome contains
I7x10" BNA bases
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-Can be explained by the fact that not all nucleas DNA
encods ognes—muh of the DNA in larger genomes is
non-geng coding

‘Many ofganism's genes are seperated from eadn othef
b§‘5 ng~ stretcnes of DNA that do NOT code for genes
Q!

any other genetic info
Much of his “non-gene™ DNA consists of transposable elements

of various ’%pes, which are an interesting closs of - se\f-
replicoting DNA elements

. - DNA includes short, highly repetitive uences
%)fth%mﬁ“ get\e. Togeﬂlxg\’, ti'his non-Fuu\d-!u ndl‘)( \grggh is ORS?;\‘
referred to as “Junth DNA”

. tent Estimated Average #
Orgonism | DN content |2 2% [ ene density | 0D
Homo sapiens 3,200 | 125,000 |l00.000 23
Mus musculus 2,600 25,000 [100,000 20
Drosophila
me\anpogosi-er 110 13,000 Q9,000 [
Traban 130 |25.000 | u.000 5

Coonorpandts 100 13,000 | 5,000 A
Saccharomyces
z‘.e\fe\ns‘\o:;\l4 12 (D,OOO 2,000 2
Escherichia coli 5 3,200 1,400 1
Numeer oF CHROMOSOME (n-Value)
I,SEWM‘_’\_MB Human Cell |Choomosome 3¢
9~in=23 N Gamete In=23
“Sperm + 93 =Zygote  R(pefor S [2n =40
23801'& = 2n =40 RC oftes S| 2n =Ub
*R(C = regu\a( cell
¥ of chiomosomes DOES NOT L
‘Replicated  chviomosome is shill %"f\\g“ﬁ&‘g’,ﬁ,\%ﬁﬁ\e‘eP\mﬁoﬁ

*2ygote Stays 2n = 4o after S phase
-when it divids both resu\ﬁng cells = 4l cthromosomes
and oe  shll Zn=Uk

-For any proposed function for the excess of DNA when zuacte DOES = ...
in euRarypte genomes (C-value patadox), can it “Eacn “dougntes cell inheiits 2 the DNA
explain why an onion needs about five times moge To colwate... meor\\ng it aoes 1o 2¢ = (00O Mo
non-cading “BNA for this function than a humans ‘Human genome = 3000 million base poirs Calls fon o Hhrough replication they
—Tre onion has a haploid genome  size of ~I7pg, s shotten o ¢ = 2000 Mb become L\% = 12000Mb
while humans hove only ~35pg Eﬂa + Spem = 2580_\,6
_wha?o j 6 fom 7 o 31.5pg, 30 why 5 2 =(0COMb e bt Human Cell DNA content
> Onion SpeCieS rar ) B .S Lo - ells bu -
is \-\ne(ep‘_e this mgﬂ?— of ome size” in ‘%(Ii’c\xurls_‘si\\vl\\ccl\\’;nf%nze Cﬁ\rough Gomefe (egg Of Spesm) lc= 3000Mb
organiems of Similos “complexity? DNA rephccgion Regular cell before S phase |Ze= GO0ONb
-Doubles DNA confent 80 N
se =|
Ue =12 000Mb Regulas cell ofter S phase |4c=12000 Mb
MPARE 3 CONTRAST
Appearance oF A TepicAL NuceAr CHROMOSOME DURING THE COMPARE : Con -
itosis eiosis
add core hisones Add H1 Histones add scatfold poteins  more  scaffold proteins Cew OfCLE plocess :
—_— —_— —_— —— All the cells in your [ Sex cells ONLR; Qe@
Creotes body except sex celis] cells 3 Fsperm ce
P n cell division
ma; of cell division dcuzﬁi?&méh Y new
— f new & eated
Befinition |cells (dcmmghter cells) | each wl 'z the
each of ”which has | original # of chiom-
the same & of ot i dhe eoduction
chromosomes of sex colls
— —_— L . i L T Y
cfs hter cells 4 daughter aells
DNA Nudeosome Bmg?fﬁ\hs a 30mm fier Interphase Mefophase nd products | 2 daug | h:uts e
) ler .
CONDEN$HT \ON _ Nucleus Interphase, prophase.. Memphaseplr?ﬁnuphase I
‘Eutharyotic DNA is always wrapped around some proteins Steps | \etuphase, Anaphase, Telophase T, prophase 11
‘During interphase, a chromosome exists mostly as Telophase Metaphase T, Anaphase O
a mgnm fibre Telophase T
—Allows it o fit inside the nucleus and shll have — Type of  lAseyual
#he DNA_accessible for enzymes  pesforming RNA Ikeg’:duchon Sexual
synthesis, DNA ceplication,“and 'DNA - =y dentical fo No, the: are diffefent
‘At the srart of mitosig these processes w3 cal e since ave ‘/z
the Chromasome furtnet Conderse parent. cell | Yes, they are identical the %5 of chromcsanes
_NeceS?\o(s +§o +hat J)he c:;csemo;\o&esofom coc";\eﬁclld_ ' Repl Gr-:_d ncompacted hen, cees e origina
move v i icated and u A :
-whe?\no‘rﬁhsis is complete the chromesomes retusns vareplicated and uncompact P Yiokinesis In Telophase In Telophase T 3 TC
to its 0nm fibre  structure beof divisions| 1 2
. for parent
Typical chromosome in a human cell alternates bluw microtubules N ‘ . s os ok,
-unreplicated i replicated states [ cheomosames Identical 1o parent ) /2 a )
-uncgndense'd E condensed states gﬁgﬁm individual chrmosome | individual chromosome
«— . Need to
IF a cell has made the comitment to divide, if Nesded o repalt damaged | £35S Foq SIREE" o5
fist needs tfo replicate its DNA Impotkance Celie for growth § 0 = | Sexual feproduction
‘Ocews in S phase replace cElle that i) s Fon o aion
‘Bgfore S phase chiomosome consis & o have i WA 0 populaion
of o single piece of double stranded Anapha Metophase. 2
DNA 4 consist of 2 identi naphase . p Chromesomes | 4(, 3
doudle Stranded S BDNA. motacugescertical unieplicated and compack Replicated and compacted



