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Unit 2 AOS 1: Study Design

KEY KNOWLEDGE

The cell cycle
« derivation of all cells from pre-existing cells through completion of the cell cycle

» the rapid procession of prokaryotic cells through their cell cycle by binary fission

» the key events in the phases (G1, S, G2, M and C) of the eukaryotic cell cycle, including the
characteristics of the sub-phases of mitosis {prophase, metaphase, anaphase and telophase) and
cytokinesis in plant and animal cells. l )

Asexual reproduction
» the types of asexual reproduction including fission, budding, vegetative propagation and spore
formation
* the biological advantages and disadvantages of asexual reproduction
» emerging issues associated with cloning, including applications in agriculture and horticulture.

Sexual reproduction
» how an offspring from two parents has a unique genetic identity
» the key events in meiosis that result in the production of gametes from somatic cells including the
significance of crossing over of chromatids between homologous chromosomes in Prophase 1 and
the non-dividing of the centromere in Metaphase 1
« the biological advantage of sexual reproduction, specifically the genetic diversity in offspring.

Ceil growth and cell differentiation

e the types and function of stem cells in human development, including the distinction between
embryonic and adult stem cells and their potential use in the development of medical therapies

e the consequences of stem cell differentiation in human prenatal development including the
development of germ layers, types of tissues formed from germ layers and the distinction between
embryo and foetus

e the disruption of the regulation of the cell cycle through genetic predisposition or the action of
mutagens that gives rise to uncontrolled cell division including cancer and abnormal embryonic

development.

TEXTBOOK SUMMARIES

8.1,8.2,8.3,84,9.1,9.2

BIOZONES

159 160 161 162 163 131 165 166 169 170 172
173 174 175 176 178 179 180 181 182 183
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Activity #1: Stages of the cell cycle

1. Examine the cells at the different stages of the cell cycle below. Some of the cells have been labelled
with a letter of the alphabet. Identify the stage of the cell cycle represented by these cells in the table

helow:

Stage of cell cycle

Interphase K
Prophase G+ H
Metaphase Bre
Anaphase (early) T +F
Anaphase (late) L +3
Telophase A, D+E
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2. Label the stages shown in the cell cycle below.

3. Complete the summary table below to outline the major events in each stage of the cell cycle

i Stage Description
Interphase 61 - Gy rowtin
(G1, S, G2) 4§ - DNA synthers
G’l = Grouf
Nuckus breals down
Prophase
C\\COMMOMJ Conhn)a(_
Chiomosomes I""‘\( vps ON
Metaphase \ ‘ L{ .
- phwe plare gondle o o bt el
C]m/omo*téf Pvll*l 'lﬁ opprll—c S&U’
Anaphase
Nucliar Mumbrane becomes yidabs
Telophase

Call S(*wj-' lo sepunbts

Cll sphts b dwo

Cytokinesis
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Activity #2: Cell cycle — replication

1. The genetic material in the nuclei of cells is contained in strands called chromosomes.
a. Label the centromere and a chromatid on the diagram below
b. Explain the difference between a chromosome and a chromatid

CWOmoJ-tb' ove Jfo ([cgs, o@ -H-: ev\’nrc chomosom

/av\\‘fa My
W
duplicated single-stranded
chromosome chromeocsomes

2. OQutline the significance of cell replication. Include three key points.

’ P:'w‘&as M Glls

i US(A for ﬂfoHHA + dxvt[opwr’lf'

¢« R Pfol"t]r\an

3. Complete the table below on the differences between Binary fission and Mitosis

Feature Binary fission Mitosis

Cell type \O{o\{O’HO‘I‘U Eu koux{othS

Rate and complexity FaSt" {\OJ’ COMP\—LY Slow el + Comp’Q 9

Structural changes No No
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Activity #3: Mitosis

1. Label the following diagram with the phase of mitosis (a) through to (e), or the type of cell
structure, (f) through (h), seen during mitosis.

(PRD)
Inh(a)l/\?(o\)kﬂ%{ b) PMPL\‘J( c) My}@kme

Centrioles e,

“"-a-.______’_'__,..ﬂ""ff o

£) Cwomahds /

’ :‘;Ee,n ‘T.BW

2. In terms of genetic makeup, describe the results of mitosis.

QCL\\S ‘Hf\a (L¥(3 %4\(\&"(&\\%‘ [dil/l{'\COLk '&0 ‘H‘ﬂ Pa/enf
cell

3. Interphase is sometimes called the ‘resting phase’ of the cell cycle. Outline what is happening in the
nuclei of interphase cells.

The C\:\(omqsom,r l)ecom& éﬂc‘oh imvx&i re‘u\.\;‘ a:r Q\\

(l.\\h.f\on .
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4. During which stage of a cell’s cycle do the replicated chromosomes thicken and become visible?

pcoPL\AS\

5. During which stage of a cell’s cycle do the replicated chromosomes line up on the equator of the
cell?

Mﬂ}apha&a

6. During which stage of a cell’s cycle do the chromosomes replicate?

IY\'I'UP\MG( oL

7. The drawing below has been made from a photograph showing a cell undergoing mitosis. Based on
the picture, what stage must the cell have been in?

8. Using coloured pens or pencils, show how 2 chromosomes are passed from parent cell to two
daughter cells.

0 | )
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9. The drawings A — E show stages of mitosis in a plant cell.

T
.""f..“-“".
4 Y
1\‘ ; .
L
\_ J
A B C
e o
&)
L.,u} i
{
K,mf/w A - J/
D E

a. Which of the drawings A — E shows

i Interphase C

i, Prophase 2

iii. Metaphase

iv. Anaphase A
V. Telophase D

vi. Cytokinesis D

b. Give two processes which occur during interphase and which are necessary for mitosis to take
place:

Gﬂ’“"'\ of the cell and rQ.P\\CﬂLhO’\ of the DNA.

10. Classify the examples of cell replication into the correct purpose:
o Toddlers height increasing by 2 cm

Cut healing

Bacteria cell dividing

Embryonic cell dividing

Seed germinating

Unicellular Protista organism dividing

O 0 0 0 O

_Purpose o

Reproduction Bqa-t/m al dividina .
Repair and maintenance Cot haaling i
Growth and development -:H“SN— wﬂ)cdt
Restoring nucleus-to-

cytoplasm ratio
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11. This drawing shows various stages of mitosis in a fast growing onion root tip.

G

' ANBANA

Identify the cell (by number) which are in the following stages of miitosis:

Interphase LS 68101515 (¢ 13
Prophase 7 |y

Metaphase 1 \|

Anaphase 11 17

Telophase D 12

12. Label the following checkpoints with a brief description of what they do.

G'Ld«cll pan t
6 Pindly A SEQLT\:-\Q,:_-,J}‘

Ce \ Sl ,/:j;”.‘:é:@}ﬁ: :
Db c?l‘c"‘hba/{ i ‘\\ ~Cwomosorma attachmat

s o 1/ N\ \ o spindle

{ 7 \ 1\

[ )

W\ 3»_ Cell Iyl “’;a"nJ

‘\\ \ growth / f:’ /

\\\ ,///

G| Chackysint

-Gl sve
Numen
G‘(D\NH‘ ﬂ;c}-mf

O NA Damadh
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Activity #4: What am I?

1.

| am a relatively rapid form of reproduction. | produce a new genetically identical organism from the
parent. | start with just one DNA molecule and have a simple method of reproducing. | do not have

membrane bound organelles or spindle fibres. Prokaryotes use me to create more of themselves.

What am I? Bmgg ES)\M _ &

| have 3 main phases; interphase, mitosis and cytokinesis. ! go through this cycle my whole life. | begin
with a single cell that grows and the divides into two daughter cells through replication.

Whatam I? (0\\ C\{Clb

| begin immediately after a cell has divided. During my phase cells will grow larger and copy its

chromosomes in preparation for cell division. | have 3 main stages; G1, S, G2. | take up approx. 90% of

the cell cycle.

What am 1? l.'\tJP)’\OS(

| am an arrangement of microtubules that bind to a centromere of a chromatid. | enable the

chromosome to be divided equally between two daughter cells during mitosis AND meiosis. You will

see me during metaphase.

What am I? ME—L&-P-k&‘S‘t_l‘?LO\h %pm <UU' (Ml(ﬂ \’ubuhf}

| am the division of a cell following mitosis and meiosis. | occur when the cytoplasm divides and the

cell splits into two daughter cells.

What am I? C\{ l‘D klNﬁ S

| am the division of a nucleus that results in two cells that are genetically identical to the parent cell.

Asexual reproduction and cell replication for growth occur by me.

What am 1? M \{'036

| make the spindle fibres contract splitting the centromeres and pull the separated chromosomes to

opposite poles.

What am I? C@&WN Cln\(\oh

10



10.

Xl

12:

13,

14,

15

16.

Date:
Chromosomes condense and become visible during me. Centrioles move to opposite sides of the

nucleus to form the poles and spindle fibres begin to form.

What am I? P!op‘f\ﬁsl_

| occur due to uncontrolled cell division. | am an abnormal growth of tissue that usually forms a mass.

Whatam[? __ 1umay” [\{20 \?\OGY\/\

| am a highly regulated form of cell death that is vital for the normal functioning of every organism.
Webbed toes are a result of me not doing my job properly. | am commonly known as programmed cell
death.

What am I? APnP""’StS

| am known as a cancer causing agent. | am an environmental factor that can damage DNA. | have

three types; chemical, physical and biological. Tobacco, UV rays and X-rays are an example of me.

What am I? { &Qctngam

| am a tumour that is a localised mass that will not transform into cancer.

What am I? Bﬂm SY\

| form a mass due to uncontrolled cell division. | invade other tissues and transform into cancer.

What am I? Ma((aﬂmf’

| am a complex structure of DNA strands coiled around histone proteins. | carry the hereditary
information of the cell in the form of genes. All body cells in a particular species have the same

number of me.

What am I? C\(\KOMO 50 M

I am one of two copies of a chromosome formed during the S stage of interphase. The two copies of

me are joined at a centromere.

wharam i Chrownadad ‘ :

| control the cell cycle. If a cell does not adhere to my criteria it is destroyed.

What am 1?7 __\<Gels M QL( L\{Po m'\’

11
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Activity #5: Recognising stages of mitosis

Date:

Stage: Tolo phase

Reason:

Cp_ “ 5?\ R\ 3

Stage: P(OP\AOGQ

Reason: C\'\bl’ﬂt)faomlf
Con hﬂ&nﬂ

stage: INUCraQ\wse

Reason:

Clnfo MoJoryws \n \)\A
Pf\\(\jb.

Stage: Ar\aplf\kf&

Reason:

fo\\-b& Qs

N

(Comodomw beuj

Stage: G \

Reason: \u? {\u:luu

Stage: (), °

Reason:

12



Date:

Activity #6: Stem cells

1. Select appropriate terms from the following list to complete the table. Describe the differentiation
potential that occurs at each stage of embryonic development (Can use terms more than once).

Pluripotent Foetus Morula Unipotent
Mesoderm Adult stem cell - Totipotent

Potency potential
Name

Type of cell Diagram

Description

Zygote
~ o Fertilised egg o Totipotent Sllm C.L“S
o 1cell E Cq()a,bll- oe S‘“‘Vﬂ
fertilised egg rs to oy Hype
(day 1) & cll {(embr\(o

MO(u\A . 3 é hﬂ“ﬁ:ﬁ"%ﬂk
o 16cells : Fk@zﬁx\- Carc—lurn TRt oW
morula | QUA""‘

(day 3)

Blastocyst

o Endoderm Plun oo lf'\.l' Stim auS 'Hu;\\r

o Mesoderm

o Ectoderm - 6,0'"‘ 'h’rn \mlo
blast t %
asogs qem alls: ends dom,

e cohrm, edo&#

GGS"(U/O‘ | s awve
e ' MUH\PJL’U\*- at:loam\&guu

(day 12) lmZd -Lh:.o'

| 5? (Vlu“"'?"-t“";r / Stim Glls Fhat

F
embryo ' Un\ Poh“ Can Oﬂ\*

{week 3)
| | dibloenhube
Foehs miv ot Cell

M”'-

foetus
(week 8)

13
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2. Explain what happens to the potential of embryonic stem cells to differentiate as the embryo grows

and matures.

AS 'h* Qm\m.‘g 0fows ‘Hu Dﬂb‘\*q o(' st CL\LS Aqdem
j10 .)?t(.lo.\\s* \n Cn.\ Ofat(uchon

3. Fillin the blanks for the specific germ layers that give rise to specialised cells.

embryomc stem cell (ESC)

ectoderm
(external layer)

en dodcrm
(internal fayer)

oD

mesoderm
(middie layer)

.',_ » 7Y R —— : - Ty Wit
e i N, ‘W Pegla S & b

I hl o hyroid
L @j ‘1..:;“’ M{ ] e [ fanoe ShaGlly] "
MU i\ ' &

‘4. Fill in the table belowa

Embryonic stem cells Adult stem cells Induced pluripotent stem cells

{Us¢ normal Smkh'-d\f
h mak Pw"tcu\w , Use > B Person

‘Advantages

] Un\\m"ak ‘&;\)pl“ ° O.l{CO.A\{ Pwamnwd
e G\l dwisiom

G.l( -“\{ A ¥
* Can %‘oﬂ Ml‘U Can h‘ ch‘ ‘0( « N0 tmment "ci‘“#\”‘
lnrge 1/““““’ _ )?Q(ll\‘. brea mef
. C:nﬂdJ fl“l?m l‘ml.'u mb

vy hype
« ot

Disadvantages |, le]' +eain

Sﬁm Ql\f b blwd

Dotinha| b

Unlonle ((d

« No m&dm &
conth

L limt on CL\(‘)L".J

» dbkcol o obam

b-!\‘m‘ F"
P?’nwn.‘.,o\ A %’#JK

vt £ tedh cequied
MN- be [tlmb.L
y .{-hrmhu\-\w\
Poun Fial b UW‘*"’\‘J
6'0\..)“"" \1
. Objechions o fanett
fcproﬂj-ammﬁa h\ﬂ‘c:,n“b
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Activity #7: Stem cell consolidation

1. Draw aflowchart that demonstrates the potency of stei‘n,cells, use examples.
viT

/cc(—o ~_

/rolr\ — P\U(\———'; endo — Uni

\> Me 50 -

2. What is the name given to embryonic cells that self-renew and remain undifferentiated when removed

EMWM( stem cells

from the embryo?

3. Name the three germ layers, from outermost to innermost.

ecto , Meso , ende

4. a. What are adult stem cells?

Glls Mhat 3\“ nse it No. of clls for (epar t fea(wa ki

b. What is their role?
fe()auh (13«('\ of agA {'lSSUe-, :>k.g{1ya.

c. How do they differ from embryonic stem cells?

/,ﬂ*l\{ ¢ anm} (e plicale

5. State the four types of stem cells. How do the different types of stem cells differ?
Bom matow - Create RBCY

_MQLC&LS_DLU (augu L0 Cllgu"iu {«“&

E\?\Mfmq\" Creabs new slia Cel [
Embegonic - Plunpoliat

6. Skin stem cells replicate rapidly, so how could they be useful in stem cell therapies?

Can  ome 20dyns 0 labs  kin con be ﬂfgfu
(

15
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Outline the ethical and biological advantages and disadvantages concerning stem cells research.

ln Aj;\nh. on ) I

16



Activity #8: Asexual reproduction

Date:

1. Identify and describe the method of asexual reproduction involved in each case.

Bacteria

Process:

Frssion
Description:

Smjl.( [)chd‘ ‘SPMS mLo 7
Q(Lval Pq/'}i

Process:

—_BUA(!W\S

Description:

New lntlwt(lva( anses of Ouf*drm“k
+ arow’

Process:

Fr-aﬂmul‘f/\“'m
Description: .
Body breaks an rf?c.wm{‘cs
nh s (mphl-( individual

Potato tuber

’ Eeye.'

Process:

Vegehabive cepeo duckon

Description:

Geouth From Seccmloecl Pland s
| R‘\‘Iomes- unérJrouni Stems

Holons - above arourd stem
Tubos - lar?. buds u«&,‘%faﬂl

| 1L | f I ‘b
bUIDS = (alvan) Dv

17
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2. Match each type of asexual reproduction to its correct description.

" budding Separation of structures from a parent

plant to form a new, independent
\ plant, without the formation of seeds
or spores, U
 fission Form of asexual reproduction in

which the new organism arises asan
Z outgrowth or bud from the parent. |

fragmentation Development of an egg in the absence o
of fertilisation by sperm; a normal part
A of the life cycle of some insects and

crustaceans.

spore formation = Form of asexual reproduction of
) U unicellular organisms where the parent
cell divides into two approximately
'69 equal parts.

parthenogenesis = Formation of structures that are
resistant to adverse environmental
conditions and can give rise to 7
' complete organisms when conditions

(O become favourable. S
vegetative Form of asexual reproduction of
reproduction multicellular organisms in which an

organism breaks into two or more
parts, each of which regenerates the
5 missing pieces to form a complete new
- organism. 3

3. Define ‘asexual reproduction’. What is the relationship between mitosis and asexual reproduction?

ProJuc (’IOV\ o( o“’opﬂtj é’om ot Pa;cn{' which fesdds ¢ loner.

Mﬂ-gm \S s,u&\g:l-o a -Hpt ol Afu.uul cepco oy all (omosess”
OJ¢ P(xSSeé (‘M MB'H.([ 'l‘ll Aan[\.h/. ,rqu aje %Ltu,l'.(,a“\l‘ \.&“L{‘\

4. What are the ideal environmental conditions for asexual reproduction?

Wlen ‘HUL Is IP'JMH of (25000  ond an U,.dqmjmj

2NnVi ror\rnul'

18
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5. What must connect for a grafting on a plant to be successful?

Well  connectid cools

6. What is tissue culture used for, and what are two advantages of using this technique?

[ Qq. Nomboes of planls rap\l\q New Qnls  Can be lnLoJuwl
(;., Can__Cantrol %uﬂg Con 5(_-“& and _oblawn Dlan\(’

w"H\ ﬂ'c_k(d lewafw ( 5(—1 cs

7. Define ‘embryo splitting’ and explain why it is not possible to do this after 32-cell stage of embryonic

development.

Com C(cab muu\P\l %m‘-m“q 1lm‘rtca( QMbﬁ(‘oJ mLctL afle Jng.!\ lMDldnﬁI

EH 32- Q[(-SL'A%; (‘1"; zegglgllsg and Mc‘o/e- ale on e
% L‘ tmp(a/g‘b.l

19
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Activity #9: Asexual application

1. Complete the table below contrasting the advantages and disadvantages of asexual reproduction.

Advantages - e Disadvantages

» EW*(CLHF ﬂ;(m of (eproduttion
-/ﬂ..c. amemn* c‘ *IN + el\.u?\_, N.!.h,l

15 Mimmal N l\[o Vo tation

o Rap‘l ?oPu\a&lof\ arow“ Can
]-ch, ‘(‘0 O‘UW(LI\&

™ Pow\&"lﬂ\ S\us Can InCease t"apulLi . La(_\{ .{ \I\va\LL' Can Cowe

on 1 o
. OH‘P“"& Ve ?Ml.mu,‘( {d@n{.,mh - death of populaf b oddibon
‘Hﬂt&l{t uc\\ Su\{'e!l ‘ﬁ- I E\wrorm,‘— C\‘an?"

2. Discuss some of the emerging issues with cloning.

_SLLSCLMLWMJM_“ 4‘? 4’(“4\6“\?2 in Qt\mronwf_\,“n(

Coné\hons of _tltsuuc Can hiipe out Popula{un dm lo 'L VNlﬁ-b\\lLV!,

Hlﬁ\\ Cuduce aty - Of\lu‘ o O.-1- 2/ sucsss (b,

[(gmghgfa_ &64\:\3- C[or\u l’\W( méuu D -Hde(bte alr«xlu‘
old" .t bulh

C,onsonrw Contgn abovk  claned Lol rroiucé:

20
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3. Use the key words listed to complete the concept map summarising the key ideas about sexual and
asexual reproduction. Write along the link lines between words and phrases to show the
relationships between ideas in your concept map.

Flower budding haploid stigma fertilisation  pistil
Diversity mitosis stamen gametes zygote uterus
Pollination  testes implantation pollen ovaries fission
Clone diploid vegetative reproduction

single-called %‘w"l&f‘ Hedio Potatos

organisms e.g. Stravo o NE

'.VLS

L4

FiSan / m |"¢I_JI Fmgmen_m?ﬁ 4 Pugging rCi’fOtl_uc\w

DIP\“‘L/Clw

ASEXUAL REPRODUCTION: offspring are genetically identical to parent

REPRODUCTION: the continuity of life in the next generation CAN BE

R . apncticaly & ifleent
SEKQA&.HEPRODUG?!@N‘ oF(SPNG w %ﬂ, hove famidky

(NNUld from Pasent

F{’.tjﬂll satlon 4 dwUS\L\{

specialised reproductive systems/structures involived in
‘reduction division' —meiosis

\, WA+ ?\5\‘\\ lowd. &mﬁq_g Ovow + Sprm
Sio + i hap 9 *me tecker

FLOWERING PLANTS MAMMALS

Po \inabron - pouon i " A\PLO“L
pam 5lamm( a-”‘ul«.ld
“'0 3\13\”\0\ -Q( (‘;Llllfa-(‘loﬂ

\
2\3
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Activity #10: Stages of meiosis

Meiosis | {The reduction division)

Interphase | Early prophase } Mid prophase | Late prophase |
bivalent
{synapsis of
f homologous
centriele pairs - n;r?fames spindle  chromosomes) ‘
' ' \ _ Y : % bivalent

nuclear - ;
chromatin - (&) diploid nuclear envelope
envelope | P fragmenting
Meiosis | continued
hietaphase | ' Anaphase | Telophase and cytokinesis

kinetochore

microtubule
sister
chromatids
togeth -
spindle PEEtEr ] — %i?;rffe
equator haploid
daughter “—j-
nucle
polar :
(b} microtubule (e )
Meiosis [l {The separation division)
Telophase I
Prophase it Metaphase I Anaphase I and cytokinesis

haploid

(e) {f) (g} (h

22
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Summarise the steps of meiosis cell division below.

Date:

MEIOSIST .

MEIOSIS I

Prophase |

Proinetaphase b

Metaphase |
Anaphase |

Telophase {
and
Cytokinesis

-Prophasé n '

- Prometaphase [I

Métaphas_é I

Anaphase |

Telophase 1l .

and
Cytokinesis

Sister

chromands

Microtubute
attached to
kinetochore

Sister

chromatids

remain
attached

Hapifoid c!éughter cells .

Centromere
{with '

kinetochore)

Metaphase
plate

Homologous
chromosomes

" separate

Cleavage
furrow

- Sister
chromatids
separate

Quticome

Chromosomes condense, and the nuclear envelope
fragments. Homologous chromosomes bind firmly
tagether along their length, forming a tetrad.
Chiasmata form between non-sister chromatids.
Crossing over occurs at the chiasmata, Spindle fibers
emerge from the centrosomes.

Homotogous chrcmosomes are at!ached m spindle
microtubules at the fused kinetochore shared by
the sister chromatids. Chromosomes contifue to
condense, and the nuclear envelape completely
disappears.’ S _

Homologous chromosomes randomly assemble at the

. metaphase plate, where they have been maneuvered

into place by the microtubules.

Spindfe microtubules pull the homologous
chromosomes apart. The sister chromatids are su%l
attached at the centromere.

Sister chromatids arrive at the poles of the cell and
begin 1o decondense. A nuclear envelope forms
around each nucleus and the cytoplasm is divided by
a cieavage furrow. The result is two haploid cells.
Each cell contains one duplicated copy of each
homologous chromosome pair,

Sister chromatlds conc{ense A new spmdie begins to :
form The nucfear envelope starts to Eragment '

The nuclear envelope disappears, and the spindle
fibers engage the individual kinetochores on the
sister chromatids.

‘Sister chromatids line up at the metaphase plate.

Sister chromatids are pulled apart by the shortening
of the kinetochore microtubules. Non-kinetochore
microtubules lengthen the cell.

Chromosomes arrsve at the poles of the cell and
decondense. Nuclear envelopes surraund the four
nuiclei. Cleavage furrows divide 1he wo cells lnto
!our haplold cells .
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Activity #11: Introducing variation
1. Meiotic cell divisions in females and males give rise to haploid (n) ova and sperm. When fertilisation

occurs, an ova and sperm fuse to form diploid (2n) zygotes. The zygote develops in a new organism
after many mitotic divisions and cellular differentiation. Fill in the blanks below.

i, |chromosomes) (46 chromosomes)
i i
p— | meiosis Mer1o5S R ____}
urther | :
mitotic cell i ] da\*/ mib
divisions, | 53 chromosomes) 23 | chromosomes) W(:JD'%’ "
mat:;ztaon egg sperm | Mo *ra 16
development \ Y /. J_x,vz[opm
- A e -
Lb jchromosomes)
zygote
i
Embryo
Foetus
. ? )

2. Define the following:
e Gamete

A ma[m ‘r\ao(ﬂlu[ mah or lUYla[L q,(,(m all Lulmrk Can Um
with e ogpoodi ser Gl and padee luﬂo(l uheh (s J.o(o-

e Haploid

Ha[! ‘H-L ﬂum})y 0(’ (WGM(OOMU 6( ﬂ\a{ Ofgw*ﬂ‘" ] kum.m ().'3

e Diploid

/ﬁ‘l ‘v“ C\W\Ouh( 0! C[VOMOJOM»U {0/ 'HAML Orﬂanum 13 L\Uﬂlaﬂ ({.—é

24



Date:

Activity #12: Meiosis

1. Below is a series of diagrams that depict a single meiotic division. Your task is to fill in the blank
diagrams as well as indicate which box applies to which diagram.

The two pairs chromosomes ticken
50 that they become visible

o _’)

i

Each chmmsam duplicates to form two
chromatids.

(_ A normal cell prior to Meiosis.

(?he chromatids move away from each

N’

/ ’;‘;\"\ other
—— e WA & :
Four now oucla, each geoetically differeat \\}é} > /;/ Tivo nuclel form each with one of
tothe ofiginal nucleus have been formed. — - each type ofchiomosome. )
. ! 'i 3‘"“ ¥ 1}
" Tt pairs of chromosomes move \ & 553}
&ze the centrs of the aucleus | A g
The similar chromosomes of each pair /=
ve to opposits sides of the cell \ e
moye to 0ppost - xg y
® . — _./'/ P “‘-ﬂ.,_\“
New cell membeanes form. Each cell hes
" |
now 1/2 the number of chromasomes. %

2. What is the difference between a somatic cell and a gamete? Give an example of each.

Sonmx 1< (boiu) CLH aJe &tp[oul + &w\& bu( Mikoss - SKin e 6V
(ramuds (S&x) all ove haplod + divide by Meioss

25



Date:

3. Explain how an error in meiosis can lead to Down syndrome.

C ’Som.!.. 21

Unbgﬂv non-é(s}.mchov\ ;

Ths vl e Clsomus

A'O ﬂd‘} _)Em' N J'
A(io Cnuuu-“L

C'some. Qne.uplod\! ’

K| ht S amAt

4. Outline how:

a. Prophase | differs from prophase Il

?rophmll 6’50«\(.( L0 Ovel

b. Metaphase | differs from metaphase |l

Mo ta ?Mx\

c. Anaphase | differs from anaphase |l

Hamolo(qjow C'Samﬂ : [mz w ﬂ.l}“' !‘0 em.{t oﬂd’

Ano.oka.ac( fulls doubls Shné‘,é homldqous dsomw -h eA’Lg sl u\u.fe N)_\

d. Telophase i diifers from telophase Il

T both lls e Atg\oté /(2.

A S r\J

i OLUS afe ‘r\aP lau{-

5. a. When a cell with chromosome number n=24 undergoes mitosis, how many daughter cells are

produced, and what is their chromosome number?

wdh 48 clsome (2n)

Z Auuz\]u_'ﬂ Q_\,ls

b. When a cell with chromosome number n=24 undergoes meiosis, how many daughter cells are

produced, and what is their chromosome number?

Ly c‘ausl‘\hf s with 2l some (nv

6. List the advantages and disadvantages of sexual reproduction.

Advantages

Lor\ JUM C,Vb[ul'ionqnt Po-l:n”'ml

Ul\c‘lﬁ'oufa.\h, 4‘“1&5 bff.& out

G‘fuﬂbs l\b\'tt Vs lal’lW\ LJ(H\ SC Er.
Variakion e #(C.tu\uq

Popolal'mns we oo 'H‘u q&dﬂ{l“.% SUrvive

FM

Disadvantages -

ﬂowo r.e_proiuchvt. rak
P\QC,om\')tM!'IO\ Can m\'fo(Lvu (‘lL(LJ(UtOUI
Voahation to Popula.ho-d

Spread of STDS

Ew%zlnc.alh Co:>“1 au\.é On:\owj a5 aPove
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Activity #13: Independent assortment

A This example shows justtwo pairs of
homelogous chromosomesin the nucleusofa
diploid (2n) reproductive cell. Maternal and
paternal chromosomes,shownin pinkand
biue, have already been duplicated.

B Eitherchromosome ofa pair may getattachedto ’r "

either spindle pole during meiosis 1. With two pairs =~ "3 | p

of homologous chromosomes, there are two :ﬁ T or B P-4 4
differentways that the maternal and paternal LU i
ggirrc:g;::gr:;:scan getattachedto opposite /__jimeiosisl }rrueiosisi

7\ e W i

¢ Two nucleiform with each scenario, so p P -
there are a total of four possible 141 - -

combinations of parentalchromosomes in
the nucleithat form after meiosis .

N
=

. meiosisll | | meiosisll |
D Thus, when sister chromatids separate N = £ £
during meiosis ll, the gametes thatresuit | Ii! i" Jerl dar
have one of four possible combinations Pi ¥ Py R

of maternal and paternaichromosomes. i . ' P N &

gamete genotype: pI T pT Pt

1. Carry through the notation used to complete the steps illustrating independent assortment of these
alieles. Use the boxed space to explain what is meant by the term ‘Principle of Independent Assortment’.

| ; 1
D&}?Cr\llna N ‘H\.L O('teﬂ{‘lLHOV\ of ﬂ_g CkfomOI’oW M((
leso b e sg)ec(hc— odhhf in b au.Ml/bU '




Activity #14: Meiosis vs Mitosis
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1. Mitosis and meiosis are both processes of cell division, but they are different in a number of
important ways. Us the diagram to help you complete the table below.

Mitosis Meiosis
parent cell chiasma Meiosis |
wase . Chromosome .~ . chromosome \\ *
replicated 2n=6 ; homologous
chromosome i i chromosome pair
4 K- | metaphase |
metaphase i )
. 3 " e a2 li\;
) P / 's\

' /o \\ P | \.- anaphase |
anaphase / \ =i " [ ol telophase
telophase | {j 'x‘é : : o el haploidn=3

diploid 2in=6  / L %
— 5\ . daughter /1
T\ . i cells of f \
— Wy, S f 4 meiosisl !
—_— /i pr— .. Meiosisll
) | o | | asee |
2n 2n NN - N

daughter cells of mitosis

Genetic recombination

Mitosis

N\tlcosxs &w no¥ mvolue.
(tcombinafion of alleles

daughter cells of meiosis ||

Meiosis

(earmnges aleles between

C'some pas  Creatind
Un‘(v;{ \falfa_i"wf\

Number of cells

1 A,m’r tcd\
| dut e

L Ur'\|vz-(. dauljﬂ-bj alls

Number of chromosomes

Delard (26

Haplod  (23)
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Activity #15: Fill in the blanks

MITOSIS

1. The human body is made out of cells. All of our bodies began as a single cell, produced by the fusion of an

5\?2.(“_\ anda E%ﬁ IQUUM . The process by which cells grow and divide is known as
M \ &QSLS . As they grow the cell contents replicate so that when division occurs, the two new cells

contain an LQ,VOK\ amount of genetic material. Chromosomes usually occur in pairs. Humans have
j

23 pairs of chromosomes. Normal body cells contain 46 chromoscmes and are described as being

l !1 P lond . Sex cells have 23 unpaired chromosomes and are called qulmé . Mitosis begins

when the DNA replicates. The d’\fomo.}omv' become visible and line up on the ?,(!’Ua‘_-vf

The chromosomes then separate and move towards the Po l.nj' . The cell then splits and forms

Z cells. The new cells contain 2-% pairs of chromosomes and these new cells are identical to

the parent cell that they came from.

Diploid _ Chromosomes 23 2 Mitosis Egg cell
Equator Haploid Equal Sperm 23 Poles
MEIOSIS

2. Both the egg cell and the sperm are P\Gl_f’[" | i that is they have 25 single

chromosomes. During fertilisation two sex cells join together and results in a child that has

23 pairs of chromosomes, i.e. has a diploid number. Me(65(S is the process
that produces sex cells. This division is similar to Mitosis except that there are _ L{ divisions
and resultsin L haploid cells produced. During the first stage of Meiosis pairs of double

stranded homa]gaouf chromosomes line up on the equator. Dnu Hj.. sz'fa [ ({,(,é

chromosome of each pair moves to the poles. The two cells then divide. In the second stage

double-stranded chromosomes line up on the E,qv,ua ID/ .The (hG ma\-df then
separate and move to the poles of the cell. The cell divides and results in L cells with a
haploid number of 23 . Each of the cells are genetically different.

4 chromatids 23 Double-stranded
Equator chromosomes 23 Haploid

4 Meiosis 2 Homologous
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Activity #16: Sexual reproduction

1. Why is asexual reproduction more likely to be successful in the short term rather than the long

term?

ln %km" Erm (’.mmmW* OKM/G-\ ‘Sl"wl H-{ Sami NLUL

{10\51’ (wroévc\‘\m lek(l-\na l‘o [w% DnDU((L"IOh-‘ lY\ 07\% tﬂ.fm amf(onm-n}
Mayy C‘f\af\ﬂ.& \ Vonabion Cald kad s e,;,,_l-.n(,"lon of (?n%l“ Mﬁo *P"P"‘

(G,t\,\flrc_ \ots of fedsurces - All wed vp = \“‘3 tem.
2. Which type of reproduction is common iii siiany invasive species? Discuss why this strategy makes

organisms successful invaders of new habitat and what impact it has on the native species in that

environment.

Q\Q(‘)\k— Su\mk ftp(o(l%hov\ (18 EJH\ thxw»[ + Smu(

3. What type of reproduction and reproductive structures are responsible for the mouldy bread in
your pantry?

K\m'zopus (Hac,\(\)fca&mu@ (eplo dvea Q.‘S-CXUQ“A( b\| Mo.km\ SPorgs v

U
a Gpofangum
4. Arrange the following stages of meiosis in the correct order from first to last.

e Metaphasell - P

e Telophase ll *M‘

e Prophasel ﬂp‘l

e Anaphasell |

e Metaphase | . M
- A\

e Anaphasell BA

5. What is the significance of crossing over in meiosis?

Cftm\"es O\LM\’\cau\l Aluu&e o%wmg M\w\j PN«’\’G.\
on {/L‘- éllo }\OMO(-OQWY dn(omoJow
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6. How are monozygotic twins produced, and are they truly identical? Explain your answer.

Wan o Foblised 7,~|aojrz splids _inbo 2 anl ghale

(li\ff-\omn mh) Q SLDMLL- 7\100&’0 /ﬂ—ur DNA 15 1&2n}‘(6ut bu* over 'l'tw
U\v onvien bal ‘:a(,\'ora w\(l Slmqpt toons difloently.

7. The following diagram shows a stage during meiosis. The circles represent the cell and the
structures within represent a homologous pair of chromosomes.

"'\“_.WM‘_W P
/‘ ‘5-.\
o "
- m‘\_ i
.‘"‘ "\‘
P N
L o,
2 g \ ) ]
/ /
A Fay
AN LY
e b
N e N
v . / .
# Y e b

a. Complete the diagram by drawing the chromosomes in the cells.

b. Explain what is happening at P.

C\;I LO \LU\LSkS

c. Explain how meiosis promotes variation in a species.
MUOI(S lr\cxs S‘t\w CfO&qu oves NLUC SKN) ale ﬂ'\lxt‘l vp _on

fﬂwm{eﬂj- aj.Sod[Wu» HL(.(( 'H*-L Alf(b\'\ov\ og

C\\/orno)ow lﬂ-d‘-l ‘f"’ (a.ndom Combma'{{mf o{ CWOMGMW)
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8. Describe the behaviour of chromosomes in the different phases of meiosis.

p‘ . fn\& hOMO(O%ouI Mi- ik op 1 My ul.t I\.Ul" '{'0 ‘\00\9|o’:!ou1 A[ & km,\oaow

(_\somei xpe}ab-é- ’rl”SpH Mo ’Z M\l- C"somes [w..up Au - Clromus stpuau
Tu Sq?pub nh h.

9. Analyse the roles of random segregation into gametes, fertilisation of gametes and
sexual reproduction in variability of offspring.

_ RS-t olentahon 1n MU wil A (use b voabon w AL
{:..- Af\u l aqgu..“'(.j +Lq_ e a\( q(,w(‘tcn.[l A(’&/cnjf Can gb(

S-Rh Z (’!Piﬂaml mo.ﬁ.s w\ﬂx ﬂ Jﬁuenf %NI U\ll Cruxh- O W\'\Cauv{ W“W

B (ind vl

10. Outline the process of crossing over during mejosis.
[‘(\ Pl &l l’\.omologouf ('somae s '5wa_p’ 8AN-5 &l C(f-al"":lj Unigye

5“\3[& +eanded Unomossmer  with a Muctore of Pwtﬂl'a( DUA/GCW

11. Draw diagrams to show two possible outcomes for two genes next to each other on
the same chromosome during crossing over in meijosis.

[

X % Y
/ \ BV
\x TR
/\ I\ N
)

L i $ X
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Activity #17: AOS 1 Multi choice

1. During which stage of mitosis is the nuclear membrane broken into fragments?
@ Early Prophase

O Metaphase

O Anaphase

O Late Prophase

2. Equatorial plate of the mitotic spindle is formed during the
@ metaphase

O anaphase

O late prophase

O early prophase

3. Which one of the diagrams shows the end of mitosis?

Date:

v/

4. Mitotic cell division is initiated in the
O centriole

O centromere

@ nucleus

O mitotic spindle

5. Which stage of mitosis is depicted in the diagram below?

Cheomatids

Contrtole
Mitetic S;)indlu ' Cell membrane
@ Anaphase
O Metaphase
O Telophase
O Prophase
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6. During which stage of mitosis do nucleoli reappear?
® Telophase

O Anaphase

O Early Prophase

O Late Prophase

7. The number of chromosomes in a human cell is
02

04

023

@46

8. Which stage of mitosis is depicted in the diagram below?

i

e

1l membrane Ceniriole

NOSTEaT etnbrane
@ Prophase

O Anaphase

O Nietaphase

O Telophase

9. The resting stage of the cell is known as the
@ interphase

O telophase

O anaphase

O prophase

10. During which stage of mitosis do chromatids separate to form two sets of daughter chromosomes?
@ Anaphase

O Telophase

O Prophase

O Interphase

11. Which one of the following structures divides during the process of mitosis?

Cytoplasm Organelles Cell Nucleus
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12. Genetic information is transferred from parent to daughter cells through the
® nucleus

O mitochondria

O endoplasmic reticulum

O centrioles

13. Which stage of mitosis is depicted in the diagram below?
Cell membrine ~__Centriolc

Chromatids Nuclear membrane
@ Telophase

O Metaphase

QO Anaphase

O Prophase

14. In the case of the parent cell shown below, which pair of cells represents the daughter cells created by
mitosis and cytoplasmic division?

Daughter cells Daughter ceIEs/ Daughter celis Daughter cells

15. During which stage of mitosis does longitudinal splitting of the chromosomes occur?
® Anaphase

O Prophase

O Telophase

O Metaphase

16. The interphase and mitosis together constitute the cell cycle.

@ True
O False
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17. Which statement about this diagram is not true?

Chromatid B

Chromatid A

Microtubutes Y
Microtubules X

Pole N s Pole 8

@ Microtubules X are attached to pole 5
O Microtubules X are attached to chromatid A
O Microtubules Y are attached to chromatid B
O Microtubules Y are attached to pole S

18. The nuclear membrane is formed around the newly-formed sets of daughter chromosomes during the

telophase.
® True
O False

19. During mitosis, loosely arranged strands of chromasomes become coiled, shortened and distinct during

the metaphase.
O True
® False

20. How many cells are produced from one cell following three transitions through the cell cycle?

21. Which of the following events takes place during interphase?
O Mitosis

® DNA replication

O Nuclear division

O Cell division

22. What happens to chromosomes in mitosis which enable them to move about without becoming
entangled with each other?

O They become more tightly coiled and thinner
O They become less tightly coiled and shorter
O They become less tightly coiled and thinner
® They become more tightly coiled and shorter
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23. Certain cellular processes can be subdivided into other processes. Which diagram correctly shows the

relationship between these processes?

Cell cycle Celi division
Mitosis Ceilt division Interphase Cell cycle
Interphase Cytoplasmic Mitosis  Cytoplasmic
division division
Cell cycle Witosis
interphase  Cel division Cytoplasmic  Cell cycle
/ \ division / \
Mitosis Cytoplasm:':c {nterphase  Ceil division
division

24. Which of the following is the longest stage of mitosis?
@ Prophase

O Telaphase

O Metaphase

O Anaphase

25. Which of the following is not a purpose of cell replication by mitosis in multicellular organisms?

O growth

O repair

® reproduction

O restoring the nucleus-to-cytoplasm ratio

26. Which of the following statements is true?

O Cytokinesis is also called binary fission

O Cytokinesis involves the division of the nucleus
O Cytokinesis occurs during meiosis

® Cytokinesis occurs after mitosis

27. Which organelle divides into two during mitosis?
O Nucleus

O Vacuole

O Mitochondrion

O Chloroplast

28. Which of the following is not correct?

O Although it is divided into stages, mitosis is a continuous process
O Cytokinesis marks the beginning of two new cells

O DNA is replicated during interphase

@ Mitosis is the longest phase of the cell cycle

37



27. Which pair of diagrams is correctly labelled?

Sister
chromatids

Daughter
chromosomes

Daughter
chromatids

L7 gister
chromosomes

Sister
chromatids

Daughter
chromosomes

Date:

Sister

" Daughter
chromatids

chromatids

28. Which of the following is not checked during the G1 checkpoint of the cell cycle? Select the correct
answer.

O DNA

@ the attachment of spindle fibres to the centromeres

O The amount of resources in the cell

O The size of the cell

29. Which one of the following conditions is necessary for successful stem cell therapy?
O The stem cells must be embryonic

@ The stem cells must be able to replicate themselves within a laboratory

O The stem cells must be able to produce embryos

O The stem celis must be able to be able to repair themselves

30. Which process is not associated with cell division?
© Cytokinesis

O DNA replication

O Pairing of homologous chromosomes

O Formation of two diploid daughter cells

31. Which of the following statements shows a correct sequence of events for mitosis?
O Chromatids separate, chromosomes duplicate, cytokinesis occurs

O Cytokinesis occurs, chromosomes duplicate, chromosomes line up at the equator

® chromosomes line up at the equator, Chromatids separate, cytokinesis occurs

O chromosomes duplicate, cytokinesis occurs, Chromatids separate

32. In which phase of meiosis does crossing over occur?
@ Prophase |

O Anaphase |

O Metaphase I

O Anaphase |l
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33. Which one of the following processes does not occur in meijosis?
O Cytokinesis

O DNA replication

O Pairing of homologous chromosomes

@ Formation of two diploid daughter cells

34. Which of the following statements about chromosomes in mammalian gametes is correct?

O They are all identical to those in the parent cell

O They are different to those in the parent cell but only because of mutation

O They are all identical to those in the parent cell because crossing-over and recombination between
homologues does not create new combinations of alleles

@ They are different to those in the parent cell partly because of the effects of independent assortment

35. Why is meiosis a necessary process in iiving organisms?

O It happens in the reproductive organs

O It is necessary for the growth of an organism

O It produces new cells to replace dead or dying cells

@ it enables each parent to contribute genetic information to the offspring

36. The following figure represents the stages of mitosis, but they are not in the order in which they occur.

Which of the options below shows the correct order for mitosis?
01,6,7,3,4,2,5
02,51,3,7,6,4
065,1,6,7,3,4,2
05,1,7,6,3,4,2
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37. By which process do most bacteria divide?
O Mitosis

O Meiosis

O Budding

® Binary fission

38. Which of the following is not true about binary fission and mitosis?

O Binary fission occurs more rapidly than mitosis

O The nuclear membrane breaks down and reforms during mitosis, but not during binary fission
O Spindle fibres are present during mitosis, but not during binary fission

@ Binary fission occurs in eukaryotes, and mitosis occurs in prokaryotes

39. Which one of the following statements about the cells resulting from mitosis is correct?
@ They are identical in shape, size and content to the original cell

O They are each half the size of the original cell and have identical nuclear content

O They are daughter and son cells

O They are each one quarter of the size of the original cell

40. A cell with a diploid number of 12 chromosomes undergoes mitosis. What will the product at the end
of mitosis be?

@ 2 cells each with 12 chromosomes

O 4 ceiis each with 6 chromosomes

O 2 cells each with 6 chromosomes

O 4 cells each with 12 chromosomes

41. Which of the following is not an example of asexual reproduction?
O Reproduction via budding in baker’s yeast

O Formation of spores during sporogenesis without meiosis in red algae
O Formation of plantlets on specialised leaves of kalanchoe

@ Fertilisation of orchids resulting in formation of a fruit

42. Which of the following factors can contribute to a person developing cancer?
i genetic factors
ii oncogenes
jii exposure to a carcinogen
iv infection by human papillomavirus

Cionly

O i and iii only
Oiiandiv only
@1, ii,jiiand iv
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43. The use of embryonic stem cells has attracted a great deal of attention in the scientific world and in the
media. Pluripotent stem cells are taken from embryos. They can be stimulated to become any type of cell
in the body. This technology has given rise to many ethical questions because:
O Differentiated stem cells have no practical use outside the laboratory
0 Stem cells must be taken from two-week-old embryos that have been removed from the uterus

O There is no source of embryonic stem cells other than from aborted foetuses
@ Stem cells are taken from excess embryos produced through the IVF process that would otherwise be
discarded

44, Which of the following is a feature of cancer cells that makes them different from normal cells?
O Cancer cells are unable to synthesise DNA

O Cancer cells are arrested at the S phase of the cell cycle

© Cancer cells continue to divide even when they are tightly packed together

O Cancer ceils are always in the M phase of the cell cycle

45. Which of the following statements about asexual reproduction is correct?
O Asexual reproduction only involves one parent.

O Offspring of asexual reproduction are identical to the parent.

O There are no gametes produced in asexual reproduction.

® All of the above statements are correct.

46. Which of the following correctly matches the type of organism with the method of asexual
reproduction?

Type of organism Type of reproduction
A Fuglena Vegetative propagation
B Ginger Budding
c Hydra Fission
Penicillium fungus Spore formation

47. A bacteria cell divides using binary fission and produces 64 cells after 150 minutes. What is the time
between each division?

0 25 min

@ 30 min

0 64 min

0 150 min

48. A cell during metaphase | in meiosis has 4 chromosomes. How many chromosomes would each
daughter cell have at the end of meiosis?

01

@2

04

03
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49. The diagram below shows the life cycle of a moss. The number of unique chromosomes is shown as n.

At which stage in the life cycle does meiosis take place?

N
N\

Gametes

Gametophyte
e i T
A (mamm’c;ssplant) “_ B
Spores

2n

Where does meiosis occur?
@ in the sex organs

O in testes and ovaries

O in all body cells

O in growing cells

50. A cell during metaphase | in meiosis has 4 chromosomes. How many chromosomes would each

01

N\
,
D ™ Sporophyte / c

daughter cell have at the end of meiosis?
RLQch\'

e

@2
04
038

Use the diagram below to answer Questions 51 and 52. The diagram shows chromosomes during a stage of

meiosis.

.....

51. How many chromosomes and chiasmata are visible?

Number of chromosomes Number of chiasmata
(a ) )
N/
B 4 2
C 2 4
D 4 4
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52. At what stage of meiosis wouid the chromosomes he?
@ prophase |

O prophase Il

O metaphase |

O metaphase ||

53. What is the usual cause of Down syndrome?
O 21 pairs of chromosomes

@ duplication of a segment of chromosome 21
O non-disjunction of sex chromosomes

O fertilisation of the egg by two sperm

54, Normal human body cells contain how many chromosomes?
022
023
® 46
0O 44

55. At the end of meiosis |, the resulting two cells are:

O identical in all ways

O genetically identical

® genetically different

O prepared to enter interphase so the chromosomes can be replicated

56. At the end of metaphase |, separate.
® homologues

O sister chromatids

O centrioles

O only autosomes

57. If you view a cell in which the genetic material is beginning to be visible as separate bodies, and the
nuclei have disappeared from view, you may assume the cell is in:

O telophase

O metaphase

O interphase

@ prophase

58. Fertilisation results in:

$.a zygote

O a diploid cell

O a cell with a new genetic combination
® all of these are correct
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59. A farmer grows a range of plants. The table below outlines the reproductive strategies of the plants.

Plant Type of reproduction
Tulip Asexual

Poppy Sexual

Lily Asexual

Strawberry Asexual and sexual

If a virus infects all of the plants, which plants are most likely to survive?
@ poppy and strawberry

O tulip and lily

O tulip, lily and strawberry

O poppy only

60. During which stage of meiosis does crossing over occur?
® prophase |

O anaphase |

O prophase Ii

O telophase I




