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Using This Worktext

HSC Biology: Modules 5 - 8 has been specifically written to meet the content and skills requirements of the NSW Stage

6 syllabus (Modules 5 - 8). The worktext follows the structure outlined in the Stage 6 syllabus, making it easy for you

to know where you are in the course. Module breaks divide the content into sections (the modules) and summarise the
student outcomes for each module. Each chapter has an introductory page, allowing you to see the key knowledge and skill
requirements for each chapter. You can review and test your understanding, and prepare for assessments and exams, by
carrying out the Chapter Review and Synoptic Assessment activities.

» A structure of a module is outlined below to help you identify the features within each module.

Module Chapter Activities Chapter Chapter Activities Chapter Synoptic

break Introduction Review Introduction Review  Assessment
‘ | |

L~

L) L)

Chapter introduction Activity pages Chapter review Synoptic
* Inquiry questions are * Contain essential * Test your understanding of assessment

identified. knowledge. the chapter content. * Synoptic assessments
* A checklist of key * Questions review the * Develop your scientific conclude the module

knowledge. content of the page. literacy. of study covered in the
e Alist of key terms. workbook.

e Practise your written

exam skills.

Y

DNA and
Polypeptide Synthesis

M Synoptic Assessm

T e gy

ent: Module 5

[y o
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“"'-h-q"-"‘
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The chapter introduction identifies the inquiry question for the
chapter. Keep this in mind as you work through the content, and
try to relate your learning back to it. The chapter introduction also
provides you with a summary of the key skills and knowledge
requirements for the topic, written as a set of learning outcomes.
Use the check boxes to identify and mark off the points as you
complete them. A list of key terms for the chapter is provided to
help you develop your scientific vocabulary.

§

DNA and
Polypeptide Synthesis
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Prepare for tests and exams by using the in-built
" assessment tasks in the worktext.

ey ——— N Chapter Review: Did You Get It? activities at the
end of each chapter will test how well you know
the content of the chapter, and are a great way to
—_— improve scientific understanding and vocabulary.

— Synoptic Assessment activities at the end of each

e e i module are more formal testing moments. These
are good activities for test and exam preparation,
and provide practise in writing longer, exam type
s answers.
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Using the Tab System

The tab system helps you identify important parts of the HSC Biology course (general capabilities, cross-curriculum priorities,
and other curriculum learning areas). The tabs also allow you to see, at a glance, if online support is provided on BIOZONE's
Resource Hub, and if there are content links with other activities. A summary of the icon tabs is provided below.

General capabilities

Critical & creative thinking: Develop critical and creative thinking skills through asking questions, making
predictions, engaging in practical and secondary-sourced investigations, and anlaysing and evaluating evidence.

Ethical understanding: Apply ethical values and principles to your studies and investigations. Understand the
implications of these to others and the environment, and that reasoning can assist in making ethical judgements.

Information & communication technology capability: Use ICT to access information; collect, analyse, and
represent data; model and interpret concepts and relationships; process information;and communicate ideas.

Intercultural understanding: Appreciate and respect diverse cultures (yours and others) and understand how
cultural perspectives have impacted the development, breadth, and diversity of scientific knowledge and applications.

Literacy: Literacy is the ability to identify, understand, interpret, create, and communicate effectively using written,
visual, oral, and digital formats. Apply these skills to communicate scientific concepts and findings.

JBBBRE

F[ Numeracy: Numeracy involves recognising and understanding the role of mathematics in the world. Develop
numeracy skills by measuring, recording, representing, and anlaysing data.

Personal & social capability: Establish positive relationships, make responsible decisions, work effectively (alone
and with others), and constructively handle challenging situations during your scientific endeavours.

S

Cross-curriculum priorities

Aboriginal & Torres Strait Islander histories & cultures: The traditional knowledge and cultural practices of
Aboriginal & Torres Strait Islander peoples provide insight into how the environment and natural world work.
Traditional knowledge and Western scientific knowledge can be used together in a complementary way.

Asia & Australia's engagement with Asia: The diverse environments of Australia and Asia provide opportunities to
study interactions within and between the two environments, including how human activity influences the region, and
the significance of these to the rest of the world.

Sustainability: Sustainability is concerned with the ongoing capacity of the Earth to maintain all life. It provides
contexts for exploring, investigating, and understanding the interrelatedness and sustainability of Earth's systems,
including both natural and human-made environments.

OJoNS

Other learning across curriculum areas

Civics & citizenship: Understand how civics, the understanding of Australian society, and citizenship can be applied
to scientific ideas and technological advances.

Difference & diversity: Australian society is diverse in terms of gender, race, and socio-economic circumstances.
Working collaboratively provides opportunities to develop an appreciation of the values and ideas of others.

Work & enterprise: Develop and use safe working practices. Identify risks and carry out hazard assessments when
working in the laboratory or field.

ele}o

Other tabs

Grey hub tabs indicate that the activity is supported by content on BIOZONE's Resource Hub.
See page ix for details about BIOZONE's Resource Hub.

Green tabs show connections to related activities and content elsewhere in the book.

Appendix 1: Glossary of key terms and their definitions.
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Appendix 2: Equipment list for the practical investigations.
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Using BIOZONE's Resource Hub

» BIOZONE's Resource Hub provides links to online content supporting the activities in the book. From this page,

you

can also check for any errata or clarifications to the book since printing.

» Many of these external websites are narrowly focused animations and video clips directly relevant to that part of the
activity identified by the hub icon. There is also material for data exploration, source material for activities, and some

fact

sheets, as well as 3D models and spreadsheet models. The hub provides great support for your studies.

- www.BIOZONEhub.com

Then enter the code
in the text field

HSC12-1-6559

Or scan this QR code

Using BIOZONE's Resource Hub
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Practical Investigations

Carrying out practical investigations is an important component of the HSC Biology course. Hands-on investigations provide
opportunities for you to develop good laboratory and investigative skills, and to work with others. Working in groups allows
you to experience the benefits of collaboration. Scientific vocabulary is extended as you listen to the others' ideas, and share
and discuss your own ideas. This worktext includes a number of simple practical investigations like the one shown below.

This icon shows
if you need to
work in pairs or
groups.

Read all of the
instructions before
you begin so you
are well prepared.

B Separating Amino Acids by Chromatography

Koy idea: Amino acids can be separated and identfed using

chromatograohy.

There are twenly essential amno acids used by the

to make proteins. Because each amino acid has a differars
chemical sze and shape, they can ba sapamied using

thin layer In

See appendin for equisment list

thin layer

the mobile phase is the solvent which will separate the
moiecuiss. The stationary phase s a thin layer of adsorent
matenal (e.g. silca gel or callose) altached ko a solid plste.
A sample is placod noar the bottom of the plate which is
placad in an appropriate solvant (the mobile phase).

B 00 s=mnim:
solution should be used In a fume hood. You

ot handle the

woid contamirating L. Sobwents and
should wear protactive

<l

L Weor safety gloves and goggles during this investigation,

2. Cut a piece of Filler paper or chromatography paper into
o strip 5-6 om wide. 1t should be long encugh o reach
from the top of a beaker 1o the bottem and not 5o wide

that # fouches the sides.

3. Use ¢ pencil fo draw a ine across the width of the
paper | em from the bottam to mark the start position
Ughtly mark & equally spamd dots along the sterting

¥ne. Lightly number the dots.

4. Use & toothpick fo place a drop of one of the 1% amino
acid solatlons (leucin, lysire, or glycine) to the first
o, the 18200d emino 0Cld on the Second dot and 5o an.
Place the unknown scluticn on the fourth dot Recocrd

which omno ocd was placed on which dol,

In o fume hood, pour the scivent solution into o

beaker 10 o capth of just over | cm. Set up the
chromatography

paper as in the diagram on the right.
Cover *he soltion with parefilm or clingwrap

”

ond leave for up to an hour or wntil the solvent

Front i about | em From the fop of the chramatography

paper.

Cangwrap sreverts

ackution aaporatng)

I

Ao acks saded

Cresmatigrapty
‘paser (heng from
pana] or bamtoo
k)

Always follow safe
laboratory practices.
Any specific safety
notes will be provided
here. Your teacher
may have more
instructions.

: u-»:m

Equipment lists for
each investigation
are provided in
Appendix 2 at the
back of the book.

7. In o fume hood, remove the paper end mark the savent front with a pendit. Dry with ¢ hair dryer. Pour the
satvent info the waste confainer provided by your feacher,

for minates. The
acids can be viewed with

spets
a black light.

9. Identify the unknown amino acid. Mecsure the dist
Maosure the distance from the start position to th

1. What was the unknown amino acid?

2. Use the formula below 1o caloulate the R, values for the
values can be used 10 idently unknowns in reaction sol

Distance travede:

[P Lomenai |
Oistance travalled

. In & fume hood, spray menmulqunyuw with ninhydrin ssiution and dry with ¢ halr dryer on heat
about 5 of aming acid sheuld become viible Alternativaly, the positions of the amino

E Appendix 2: Equipment List

Tow equipmant list provides Mt moleriel ond eqspment needed par shadurd, poir, or group. A 4

1: Reproduction
INVESTIGATION 1.t
Plant prepagation
Per shozentipair

9 x plant/seed contsiesrs or trays
3 x planting medhms (a.5. sand, bart.
e

Rootng bormone
¥ = icw Block shicks
Secateurs or scissors

Mazvrng Fast or conomer for water

INVESTIGATION 1.2

Germination investigation

4 x plant/sead trays

4 x 30ts of 100 Ssmate seads or miar
(0.5 mustord seeds)

Sterilisad growing medham

Macsring fesk or container for water

2: Cell Replication

INVESTIGATION 2.1

Modaliing mitosls

Strmg

4 x pipe-clesners (2 colors) cub i half
A3 shaet of paper

Marker

INVESTIGATION 2.2
Maselling maioss wileg ice Mock sticks

Par ahgantipair

§ x 500 mL backers

Salance and equipment to weigh Siger
Tekte sugar o lsb sucrose

Putato

Cork borer or scelpel

Papar towels

Markar pen

INVESTIGATION 2.3
Extracting DNA

Per peir

5 - & drawberries

1 lerge xp-tock boy
100 =l

1 x filker poser

1 gloss filter fumnel

1% 25 M. gloss beakar

1 x goss rod

~100 mi. ethasal (for riesirg)
2 x cantrifuge hubes
Cantrifuge

PHOTOCOPYING PROHIBITED  © 2022 BIOZONE International

INVESTIGATION 2.4

Creating & model of & DNA molecwle
Per pair

Scissors

Tapu ot peste

3: DNA and Polypeptide
Synthesis

INVESTIGATION 3.4
Maasuring contimuout varistion
Par poir

Massuring fope er scaks

Graph paper

INVESTIGATION 3.2
% g
Per shudertipar
Fiter paper or chromatograshy paper
Pasci

Cirgurap or perufim
Scissory

1% aminy ecvd soumare (levone, lysee,
ghyciral.

Onromategraphy sobution (butan-2-ol,
glacial athanok: ecid, water in ratio
.52

Nishyérin spray ec black Sight

Netrile ghoves

INVESTIGATION 3.3
Madaliing protein structure

Per shudect/par/greup
Pipe claonars [2 whie, 2 i, 2 purple,
™)

Sticky tape
2% bndur clps or peper clips

4: Genetic Variation

INVESTIGATION 4.1
Measuring contimuous varietion

Campster wth spreadshaating programme
w3 Excel

6: Mutation

INVESTIGATION 6.3
Imvestigeting nsturel salection
Per student

Carrenater

Soreadshent sopicaton (eg Excol)
INVESTIGATION 6.2

Modeiing gesetie drift

Per shudent
Camputer
Sorusdshent espleation (eg Excul)

9: Causes of Infectious
Disease

INVESTIGATION 9.1
Tmvestigeting micreblel contaminetion in
food semples

Per student or group
Food sarmple
Ager phaes
Leoculation koope
Bunsen berner
Sherilivng alcohol
Test tubes

Gless rods
Oistiied water
Tage

Marker pens
tocubator

12: Prevention, Treatment and
Control

INVESTIGATION 12.1
Imestigeting the effectiveness of
handweshing

Par dass

Warm water

S0p

Hoed socitiver

Par individaal

1 x mutrient egor plates
Markar pen

Paper towals

Tncubator iF wsing)

INVESTIGATION 12.2
dirasse outbreck and spread

Par pair

Corrputer
Soreadshest eppication (e.g. Excel)
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Support for Depth Studies

During your second year of the HSC Biology course you will carry out
another depth study.

There are too many options for us to cover in this worktext, but

we have provided some helpful information to help you make your
depth study a success! Chapter 18 of this worktext provides you with
information for choosing what type of depth study you want to do. It
provides guidance on planning and carrying out the study, and also
some tips on how to share your findings with others. Refer to these
pages often as you plan and work on your depth study. Your teacher
will also help with your choice, and will provide more information about
how you can meet the syllabus requirements for the depth study.

Chapter 18 provides support to help you plan and carry out your depth study

Sharing your findings

* What communication style is best for my
study?

* What style of communication do | prefer or
feel confident with?

Choosing your depth study

¢ What types of studies, projects, or investigations can
be used for a depth study?

¢ What type of study is most appropriate for the topic |
want to study?

* What are the differences between a primary practical
investigation and a secondary-sourced investigation?

* How should | structure the way | deliver my
findings?

u“lﬂﬁ“ Depth Studies:
Guidance and Ideas

Depih shucky
e

Ky s

-

iniip

—a
=
]
eon R —
e e
"\*{\
Vi

Referencing

. * How do | acknowledge
Planning your depth study online resources? 9

* What does the planning process look like?
* What do | need to think about when planning my depth study?

* What do | want to find out from my study?

* What type of data should | collect, and how will | analyse it?
* What equipment will | need?

* How long will it take?

PHOTOCOPYING PROHIBITED ~ © 2022 BIOZONE International
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Answermg Exam Questions

Exams require you to demonstrate your understanding of a particular concept by providing a written paragraph or essay.

» Open answer questions (meaning there is no definitive answer) are designed so that you can demonstrate your level of
understanding. The question may give you some guidance as to what you should include in your answer, such as defining
certain terms or providing specific examples.

» In order to gain the highest possible mark in these questions, you need to organise your answer in a clear and logical way
so that the examiner can easily see how you have demonstrated your understanding of the topic.

» The difference between you obtaining a low, mid, or high grade depends on how well you demonstrate your understanding
of a concept.

* Defining, drawing, annotating, or giving a description demonstrates a basic understanding of the material.

* Explaining how a process works, why it works, and how changes to it may affect an outcome, shows a deeper understanding of
how the system works in that situation.

¢ Linking biological ideas, comparing and contrasting, analysing, or justifying ideas shows both a deep understanding, and an ability
to translate that understanding to a new situation.

» The following example shows how an answer can be built up from a simple definition, through explanation, to comparisons
and linking of ideas.

The human immune system detects pathogens and abnormal cells and
launches an attack against them to prevent them doing harm.

Outline the structure of the human immune system, and explain why a tiered
defence system is an advantage when the body encounters a pathogen.

The human wmune sys+em consists of three \wes of defence. The
combwaton of P\r\ys\ca\. chemical, and P\nys'\o\og\ca\ ( adaphve) vesponses

The two
provides a mult -pronged wmune response to pathogens. If one \evel of categories of the
The e_ldvantage defence fails, theve ave other defences to mmwmise the oppov’fuv\‘\’fy for a immune system
gfe?ezi(;eg stem — poanoSevx fo cause wfection. The wmune sys*evv\ falls wto two coﬁegov\es -« (|3na:_e a)nd
adaptive) are
is explainé’d. - the wnate response and the adaptive vesponse. introp:juced.

The wwate wmune sysi’ew\ pvov'\des o non “specific vesponse. It veacts and
behaves the same way every Twme, vegavo\\ess of the Pa{‘\nogev\ evcountered.

Overview of the . The fwst two \wes of defence are wnate vesponses. The sk s a p\nysv:a\ = Specific details
innate immune

system is bavver to pa’r\nogev\ entry, ond chemcal secretions whib micvobial gvow-Hn. about the first
provided. Teaws, mucus ond salva wash microbes away. LW? lines of
wsde the body. neutrophils and mocrophoges engulf and break down ) ee 5;632?12 e(lsr;n;tee
PQ‘H!\O%@V\S, the complement system s wportont w this vesponse < provided.
by ac‘\"\va‘\"mg Wmune sys‘\‘em cells. Other white blood cells release
antwicrobial substances to des’rvoy Paﬂnogev‘s. The wf! \qvmo«’rovy vesponse
\ne\Ps contaw and des’rvoy the Poanogevx,avxd beg’w\s \r\ea\'\vg dqmoged Tissue.
The adqphve Wmmune response s a ‘\'avgeJreo\ vesponse. A specific wmmune
Overview of vesponse s launched for eoch different type of pathogen encountered.

the adaptive . Specialised white blood cells (B and T lymphocytes) are Key fo this
immune system

is provided. vesponse. An’r'\gew pvesevd"\v\g cells Pvesev\’r Qn’r'\gews @ 1T \r\e\Pev cells. The

T \ne\Pev cells then send chemcal s\gna\s fo stwmulate TKiller cells (these

destroy the pathogen). Thelper cells also stmulote the production of Specific details
about the third

line of defence
om’f‘\gev‘ and produces the covvect om’f'\body Yo deshoy i N\ew\ovy Bcells S (adaptive

avd"\boo\y onduc'\vxg B cells. Eoclh ‘\'ype of Bcell recognises one specific

ave also produced, so f the pothogen s encountered ogon a faster wmmune responses) are

vesponse s \aunched. provided.
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Student outcomes:

Select and process qualitative and quantitative data, using a range of media
Analyse and evaluate primary and secondary data and information

Solve scientific problems using primary and secondary data, critical thinking, and
scientific processes

Explain the structure of DNA and analyse the mechanisms of inheritance and how
processes of reproduction ensure continuity of the species



Key terms
angiosperm

asexual reproduction

binary fission
budding

diploid

€gg

fertilisation
fragmentation
gamete
gametophyte
germination
grafting
gymnosperm
haploid
micropropagation
oestrogen
oogenesis
pollination

seed

sexual reproduction
sperm
spermatogenesis
spore

sporophyte
testosterone

zygote

Reproduction

Inquiry question: How does reproduction ensure the continuity of a species?

Mechanisms of reproduction

Key skills and knowledge

1 Explain the purpose of reproduction, and investigate the difference between sexual
and asexual reproduction. Understand that asexual reproduction produces offspring
identical to the parent and that sexual reproduction produces variation between the
parents and offspring.

2 Describe asexual reproduction by fission in bacteria and unicellular eukaryotes.

3 Explain the mechanism of asexual reproduction by spores, fragmentation (e.g. bread
mould), and budding (e.g. yeast) in fungi. Appreciate the complexity of fungal life
cycles with many species carrying out both sexual and asexual reproduction (e.g.
bread mould and yeast).

4 Describe asexual reproduction by budding and fragmentation in simple multicellular
eukaryotes (e.g. Hydra and planarians).

5 Describe the diversity of mechanisms for asexual reproduction by vegetative
propagation in plants. Include reference to natural vegetative structures such as bulbs,
rhizomes, and tubers.

6 Investigate the effect of different growing mediums on the propagation of
plant cuttings.

7 Investigate and describe the different mechanisms of sexual reproduction in plants,
including ferns, gymnosperms, and angiosperms. Explain the uses of wind and insect
pollination in plants.

8 Investigate the effect of water on the germination of plant seeds.

9 Describe animal reproductive strategies. Explain the advantages and disadvantages of
external and internal fertilisation and the reasons for differences in energy allocation in
reproductive effort.

Reproduction in mammails

Key skills and knowledge

10 Examine the differences in production of gametes in males and females. Understand
that each gamete is haploid and unification of the gametes produces a zygote which
is diploid.

11 Analyse the hormonal mechanisms that regulate the menstrual cycle and maintain
pregnancy.

12 Explain the processes of fertilisation, implantation, and the early development of the
embryo. Explain the feedback loops involved in the birth process and lactation.

Manipulating plant and animal reproduction

Key skills and knowledge

13 Use the examples of embryo splitting and artificial insemination to explain
the manipulation of reproduction in livestock. Explain the use of grafting and
micropropagation to propagate infertile crops (e.g. bananas).

Activity
number

12223

25-26 29

27-30

31-34



Key Idea: Reproduction is the production of offspring in order
to continue a genetic lineage.

Reproduction is the production of new life that will carry on
the genetic lineage and ensure the continuity of a species.
Without it, an organism's genetic lineage is lost. There are
two types of reproduction, asexual and sexual. Asexual
reproduction produces offspring that are genetically identical
to the parent. Sexual reproduction combines half the genetic

n What is Reproduction?

material from each of two parents to produce offspring that
are genetically distinct. Both types of reproduction have their
advantages and disadvantages. Asexual reproduction is the
primary form of reproduction in prokaryotes. It also occurs
in eukaryotes, including plants, animals, and fungi. Sexual
reproduction is the primary form of reproduction in many
plants and in larger animals, including the vertebrates, and
results in genetic variability.

Sexual vs asexual reproduction

e Passes genetic information
to the next generation

¢ Production of offspring

¢  Produces variation in
offspring

* Requires two parents

e Offspring genetically
related to both parents, but
different from either

* Relatively long time taken
¢ E.g.pollination, fertilisation

Sexual reproduction Asexual reproduction

Ability to quickly take \ ;
advantage of favourable \' ]
environmental conditions ;

One parent required

Offspring genetically
identical to parent

Passes genetic information
to the next generation

Production of offspring
Relatively short time taken
E.g. budding, cloning

Hydra budding

Prokaryotes, including bacteria,
primarily reproduce by asexual
reproduction, via binary fission.

Most plants can reproduce
asexually by bulbs (above),
corms, tubers, putting out under-

or over-ground stems, or cuttings.

1. What is the purpose of reproduction?

Sexual reproduction requires the
production of gametes. These are
the egg (female) and the sperm
(male). Each gamete carries half
the genetic compliment.

Unification of the gametes, called
fertilisation, restores the full
genetic complement and produces
the first cell of the new individual,
called the zygote.

2. What is the difference in the genetic relationship of an offspring to its parent(s) in asexual reproduction, compared to

sexual reproduction?

3. In the space below, produce a Venn diagram comparing and contrasting asexual and sexual reproduction:

©2022 BIOZONE International
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Key Idea: Binary fission involves division of the parent body
into two, fairly equal parts to produce two identical cells.

New prokaryotic cells arise through the division of existing
cells in a process called binary fission. Binary fission
is a form of asexual reproduction. It is carried out by
most prokaryotes; some eukaryotic organelles, such as

Cell wall —,

DNA

Plasma
membrane

duplicated.

Cross wall
forming

&’ Cell elongation
(,e;ﬁ’{‘\/%i'l The cell becomes longer
AT

and the chromosome is

Binary Fission in Prokaryotes

chloroplasts; and some unicellular eukaryotes, although the
process is different in eukaryotic cells. The time required for a
bacterial cell to divide, or for a population of bacterial cells to
double, is called the generation time. Generation times may
be as short as 20 minutes in some species, and as long as
several days in others.

Most bacteria reproduce asexually by binary fission
(left). The cell’'s DNA is replicated and each copy
attaches to a different part of the plasma membrane.
When the cell begins to pull apart, the replicated and
original chromosomes are separated. Binary fission
in bacteria does not involve mitosis or cytokinesis.

This bacterium
(right) is in the
process of binary
fission. The arrow
shows where a
cross wall has
formed.

New cell wall forms
The cell wall and cell
membrane begin to
grow inwards forming

This bacterium

a cross wall.
(left) has
completed cell
division. The
Two new cells separation

7N The ingrowing cell
=) walls meet and
@0

between the two
cells can be clearly

two identical cells seen (arrow).

are formed.

cbc

Population 1. What is binary fission?

size

Generation
time (minutes)

0 |
20 2
40 4
60 )

80
100
120
140
160
180
200
220
240

2. Explain why the formation of the cross wall is important in binary fission:

3. Explain the term, generation time:

4. A species of bacteria reproduces every 20 minutes. Complete the table (left) by
260 calculating the number of bacteria present at 20 minute intervals:

280
300

5. State how many bacteria were present after:

(a) 1 hour:

320
340 (b) 3 hours:

360

(c) 6 hours:
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Key ldea: Spores are the reproductive units produced for
dispersal. Spores are usually unicellular and haploid.

Many organisms, although not animals, produce spores
as part of their normal reproductive life cycle. A spore is a
unicellular, usually haploid, reproductive unit. It is a means of

Reproduction in Fungi

dispersal, reproduction and, in some cases, survival. Asexual
reproduction by spores is common in fungi and some,
including bread mould, rarely have a sexual phase in the
life cycle at all. Huge numbers of spores may be produced,
enabling rapid growth when food sources are available.

) ) : Aerial hypha.
Asexual reproduction in bread mould, Rhizopus
A e A
Haploid means having ‘j';}{"
a single set of unpaired Aerial hypha produces a T g gg’
chromosomes. sporangium containing asexual - Feedingthyph
haploid (N) spores by mitosis Sporangium 7N _:_f‘, .

-

Clonal.sporangia in Rhizopus

Curtis Clark cc 3.0

The asexual life cycle of bread mould involves
the release of vegetative spores from sporangia.
o It can also grow from hyphae separated from

° another (parent) fungus, called fragmentation.

Hyphae grow and spread
through the food source

When conditions are
favourable, the
sporangium will burst,
releasing the spores

Spores germinate
producing hyphae

Kalyan Varma CC 3.0

All fungi disperse by spores, which are
produced during both sexual and asexual
reproduction. Commonly, a fruiting body, such
as the above puffball, is produced in which
the spores either develop or are shed. Spores
are easily caught by the wind and spread over
large distances.

In Rhizopus, asexual reproduction by haploid spores is the main method
of reproduction. In asexual reproduction, haploid hyphae produce upright
sporangia, which release numerous haploid spores. These spores are
dispersed widely and each germinates to form a new fungal body.

Budding in yeast

Asexual reproduction in Saccharomyces cerevisiae (baker's yeast) occurs by budding, shown below.
Daughter cell

Bud forming O
ucleus Daughter K Bud scar
nucleus .
Birth scar
Vacuole o

Bud formation and
nucleus replication

Nucleus migration

1. What is a spore?

2. What is the role of spores in the asexual reproduction of fungi?

3. How are asexual spores produced in Rhizopus?

4. How is budding different from the production of spores?

©2022 BIOZONE International
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Sexual reproduction in fungi

Fungi also carry out sexual reproduction, although it is usually much rarer than asexual reproduction. The process differs, depending

on the species of fungus.

Sexual reproduction in bread mould, Rhizopus
Zygospore forms

Zygospore -*-
produces a
sporangium \

Two gametes from different
individuals fuse (conjugation)

Nucleus

Hypha

Gamete on the end
of a mature hypha

—9

—Q

Spores germinate
producing hyphae

Sporangium
releases spores

Sexual reproduction in Rhizopus fungi occurs when two compatible
mycelium fuse. The cells fuse to form diploid cells. A zygospore
forms, containing many haploid spores formed by meiotic cell
division. The spores are released and can form new mycelium.

5. How do spores form in a zygospore?

Sexual reproduction in yeast

a haploid a haploid
@ ©-
Mating

Diploid cell

Meiosis and sporulation

Germination oo Germination

Saccharomyces cerevisiae also carries out sexual
reproduction. It has two haploid mating types, a and

o, with a single set of chromosomes. Each type can
undergo asexual budding. The two cells can also fuse
to form a diploid cell (2 paired sets of chromosomes)
which can also bud asexually. This grows and, under
starvation, begins meiosis, producing four haploid
spores. These germinate and undergo asexual budding.

O

6. Compare and contrast sexual reproduction in Rhizopus and yeast:

7. Explain how reproduction in fungi maintains the continuity of the species:

8. Use the space below to combine the asexual and sexual reproductive processes in yeast into one diagram, showing

yeast's reproductive cycle:
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38 Asexual Reproduction in Protists

Key Idea: Protists can reproduce by binary fission or budding.  slime moulds. Many of the different groups are not closely
Protists are a diverse group of single celled eukaryotes. They  related. However, most reproduce by the simple methods of
include organisms such as amoeba, paramecium, and the binary fission, or budding.

Binary fission in protists

» Unicellular eukaryotes can Single cell
reproduce asexually by splitting
in two. This process involves
mitosis (replication of the DNA)
and cytokinesis (division of the

cell cytoplasm), and is not to be
confused with the binary fission of Nucleus l
bacteria, which does not involve dividing
mitosis and cytokinesis. Fission is
shown (right) for an Amoeba.
» Note that some multi-nucleated
amoebae and some life cycle Cytoplasm i
stages of parasitic protozoa, dividing / '
such as the malarial parasite Binary fission is common in protists. In the
Plasmodium, undergo multiple image above, a Paramecium splits to form
fission. The nucleus divides . I two new cells.
repeatedly before the final division -
of the cytoplasm to produce many Division into l
two cells

new cells. Repeated cycles of
multiple fission rapidly produce
large numbers of offspring.

Asexual reproduction in cellular slime moulds

» Due to their diverse nature,
protists have many different r
reproductive methods.

The cellular slime mould CeIIs emerge
Dictyostelium normally lives and grow
L=

as a single celled amoeba-
like organism.

» However, when food
becomes scarce, many
thousands of cells will group
together to form a structure
called a slug. This may travel
to a new location before
forming a fruiting body, which
produces and releases
spores that will develop into
new individuals.

Colony forming \

.l

Spores Migrating colony %

Frumng bodies

1. What is the purpose of binary fission in protists?

2. How is binary fission different from multiple fission?

3. What is the purpose of colony formation in cellular slime moulds?
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Key Idea: Animals with relatively simple body plans are
capable of reproducing from fragmentation or budding.

Cutting complex animals such as mammals or birds into three
or four equal sized pieces would mean instant death. But for
simple animals, such as flat worms or cnidarians (includes
jellyfish and anemones), it can lead to the production of new

Fragmentation

» Some cnidarians, sponges, and flatworms can
reproduce by fragmentation. In this process, the
organism spontaneously divides into fragments.
Each fragment develops into a mature, fully grown
individual, identical to the original organism.

» In flatworms, a physiological
gradient exists, resulting in
polarisation of the body. One
pole represents the anterior
(head) region, and the
other pole the posterior
(tail) region. This
ensures that each
new organism
develops
normally, i.e. they
don't have two
heads.

) Planarians (above)
can regenerate from
very small fragments
(1/279th of the original size).

Fragmentation and Budding in Simple Animals

individuals as each fragment regrows. Each new individual
is genetically identical; they are clones. Cnidarians also
reproduce by budding. On the body of the animal a bud
will form that will grow into a new clone. This will become
an independent individual and may remain attached or
separated.

Budding

» Sponges and most cnidarians (e.g. Hydra) can
reproduce by budding. A small part of the parent
body separates from the rest and develops into a
new individual, which is smaller than the parent.
This new individual may remain attached as
part of the colony, or the bud may constrict at
its point of attachment and be released as an
independent organism.

» The photo below shows Hydra budding. The new
individuals are budding from the main body of the
parent animal. The photograph shows the bulge
and constriction where each new offspring will
separate to form an independent individual.

Feeding tentacles

Bud forming

Constieion Budding offspring

Hydra vulgaris

Parent

1. What is the advantage of fragmentation to a flatworm?

2. All individuals produced by budding or fragmentation are clones. Explain why this might leave a population vulnerable if

environmental conditions rapidly changed:

3. Research fragmentation and list any animals, or groups of animals, that appear to be able to reproduce from

fragmentation:
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Asexual Reproduction in Plants

Key Idea: Plant propagation can quickly produce large  propagation allows plants to spread rapidly in favourable
numbers of genetically identical individuals. conditions, avoiding the high energy cost of producing
Many flowering plants reproduce asexually by vegetative flowers, pollen, seeds, or fruits. Humans exploit the vegetative
propagation. This is the process by which new plants arise  abilities of plants widely, so that many crop strains today are
from vegetative tissues of the parent plant. This ability is the  hardly ever grown from seed. Vegetative propagation enables
result of the totipotency exhibited by plant cells. Vegetative  successful varieties to be propagated indefinitely.

Natural vegetative structures in plants

Food is stored in
fleshy “scale” leaves

Growing
shoots

Tim Evanson CC2.0 plate

A bulb is really just a typical shoot compressed into a shortened
form. Fleshy storage leaves are attached to a stem plate and form
concentric circles around the growing tip. New roots form from the

'Eye' (lateral bud)

Tubers are the swollen part of an underground stem or root,
usually modified for storing food. The potato (above, left) is a stem
tuber, as indicated by the presence of terminal and lateral buds.

lower part of the stem. The dahlia (above, right) is a root tuber.

Underground stem
containing stored food

In rhizomes, food is stored in the horizontal, underground stem.
Rhizomes tend to be thick, fleshy or woody, and bear nodes with
scale or foliage leaves and buds. Growth occurs at the buds on the
ends of the rhizome or nearby nodes. Ginger, turmeric, irises, and lily-
of-the-valley are rhizomes.

Parent plant

Some plants produce copies of themselves (tiny plantlets called
bulbils) from axillary buds. In time, these fall off as independent
plants. Examples include the hen and chicken fern (Asplenium
bulbiferum) (above) and kalanchoe (Bryophyllum).

1. (a) What is meant by vegetative propagation?

In a corm, food is stored in stem tissue. Corms look like bulbs,
but if you cut a corm in half you see a mass of homogenous
tissue rather than concentric rings of fleshy leaves as in a bulb.
Cyclamen, gladiolus, taro (left), and crocus (right) are corms.

Stolons (runners) are horizontal stems that grow above the
ground. At certain points along the stolon, where it touches the
ground, roots may form and a small plantlet appear. If the stolon
breaks, the new plant becomes independent.

(b) What feature of plant cells underlies this ability?
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Taking advantage of vegetative structures for propagation

Many plants grown by humans are propagated from natural vegetative structures. Often, specific strains are grown from seed until
vegetative structures are produced. These are then distributed to growers to produce the main crop.

— : > N

New potato hybrids are grown from seed. Whole garlic bulbs are actually groups of Sweet potatoes (lpomoea batatas) are the

These produce tubers and the tubers are individual garlic bulbs, called cloves. Each root tubers of a vine that grows close to the
sold to farmers as seed potatoes. The seed clove can be separated from the bulb, ground (related to the morning glory). Like
potatoes produce a new plant and many planted and grown to produce more whole potatoes, the tubers are planted and produce
more tubers, which are harvested for food. garlic bulbs. more tubers that are then harvested.

Propagating plants from cuttings

Cuttings are sections of a parent plant, which are removed

and grown as new individuals. These individuals will be clones
(genetically identical copies) of the parent plant. Auxin is a plant
hormone that accumulates at the base of the stem, triggering
the formation of roots. Adding synthetic auxins to the end of the
cutting promotes greater root development.

c
8
£
5
Eel
(o]
=

The spiny daisy (Acanthocladium dockeri) is a critically
endangered daisy found in South Australia. It was first collected

o A leaf and accompanying The cutting is placed in a in 1860, in New South Wales, but by 1990 it was thought to
axial bud are cut from the growth medium containing be extinct. In 1999, five plants were found on a farm in South
parent stock. rooting hormones and a Australia. Cuttings were taken and the resulting plants have
new plant grows. been successfully established around Banrock Station (SA).

2 (a) Describe some of the natural means of vegetative propagation in plants:

(b) Can you think of one major advantage of having a reproductive structure filled with stored food (as in a tuber)?

3. Describe how plants benefit, generally, by reproducing vegetatively:

4. Describe how humans have benefited from the vegetative propagation of plants:
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74 Investigation into Plant Propagation

Key ldea: Different growing mediums may affect the ability of
a plant to grow from cuttings.

Propagation is the process by which new plants are grown
from a variety of sources, including seeds and cuttings.
Most plants can grow from cuttings, although some plants
are easier to propagate in this way than others. The growth
medium can affect the cutting's ability to produce roots and
start growing. Some cuttings will grow roots if the cut end is

] — .
F 1 U Investigation 1.1  Plant propagation

See appendix for equipment list.

1. You will need nine containers of equal size or a nine chambered planter, three planting [
mediums: washed sand, commercial potting mix, fine bark (or three mediums provided
by your teacher), rooting hormone, and nine ice block sticks.

2. You will need to take nine cuttings from the coleus plant provided (or the plant
provided by your teacher). Each cutting should have the same number of leaves (2-3)
that are roughly the same size. Stems should be cut to the same length (about 10cm).

3. Fill three planting containers with one type of planting medium (e.g. sand), three more
with the second type, and the last three containers with the third type.

4. For each container, add water so that the medium is slightly damp. Add the same

simply placed into a container of water. Cuttings from other
plants have more specific requirements. In the experiment
below, you will investigate the effect of different growing
mediums on the production of roots from cuttings of the plant
coleus (Coleus scutellarioides). This is a relatively common
house plant that can be grown outside in warmer parts of
Australia and produces roots from cuttings relatively easily.

Sabina Bajracharya CC 4.0

amount of water to each of the nine containers and allow it to drain through if necessary.

5. Place a small amount of rooting hormone in a container and dip the cut end of each cutting into if, fo the

same depth.

6. Carefully push one cut stem into each container so that it can stand up on its own. For each container, use the
ice block stick to label the container with your name/group and the planting medium.

7. Place the cuttings in a sunny position for several weeks, continuing to water the plants daily with the same

amount of water in each container.

8. After 4-5 weeks, carefully remove one of the cuttings from a container. Be careful not to damage the roots.

Carefully wash the planting medium off the cutting.

9. Count the number of roots emerging from the stem and record in the table below. Measure the length of

each root and record in the table below.

10. Calculate the median number of roots and the median root length for each planting medium.

Planting medium

Pot 1 2 3 Median 1

Median 1 2 3 Median

Number
of roots

Length
of roots
(mm)

1. (a) Is there a difference between the median number of roots and length of the roots between each planting medium?

(b) Explain your answer to 1(a):

©2022 BIOZONE International
ISBN: 978-1-98-856655-9
Photocopying Prohibited




12

Features of Plant Sexual Reproduction

Key Idea: The life cycle of plants includes alternation known as alternation of generations. The haploid (N)
between a haploid (N) gametophyte generation and a diploid ~ gametophyte generation alternates with the diploid (2N)
(2N) sporophyte generation. sporophyte generation. In vascular plants, the sporophyte
The life cycles of all plants are characterised by aphenomenon  generation is dominant.

) The sporophyte and gametophyte generations are
named for the type of reproductive cells they produce.
Haploid gametophytes (one set of chromosomes,
denoted N) produce gametes by mitosis, whereas diploid
sporophytes (two sets of chromosomes, denoted 2N)
produce spores by meiosis (production of cells for sexual
reproduction).

‘the pollen is the I
gametophyte...

> Spores develop directly into organisms. Gametes (egg
and sperm) unite during fertilisation to form a zygote,
which gives rise to an organism.

) Pollen carries the gametes from the male reproductive
structures to the female reproductive structures.

Diploid (2N) generation Mitosis

) Zygote (2N)

el i

... and the sporophyte is the
plant that we are familiar with.

Sporophyte
(multicellular
diploid 2N)

Fertilisation

Meiosis

Gametes (N) S
Gametophyte!

©
0

Spores (N)

o

Mitosis (multicellular
_ haploid N) Mitosis
: , { L
Haploid (N) generation
1. Describe the alternation of generations in plants:
2. (a) Give an example of a sporophyte:
(b) Give an example of a gametophyte:
3. Complete the table below to show what produces each structure:
Structure Spores Gametes Zygote

Produced by

Process
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Key Idea: In ferns, the gametophyte is a small, free-living
plant that produces gametes that rely on water to unite. The
sporophyte (the fern) produces haploid, unicellular spores.
Reproduction in ferns is achieved by the alternating release

Reproduction in Ferns

of spores and gametes (there are no seeds). Spores from the
sporophyte develop in sporangia, which are typically found
on the underside of the fronds, in clusters called sori. Spores
are single celled and small enough to be spread by the wind.

» If a fern spore settles in a suitable spot, it develops into
a heart-shaped prothallus (the gametophyte), which is
typically only one or two cells thick, small, free-living, and
photosynthetic. It produces egg cells and motile sperm
cells, which require a film of water to reach the egg cells.

» The division of the zygote begins immediately after
fertilisation to produce the embryonic sporophyte. This
becomes rooted in the soil and develops fronds. The
gametophyte then disintegrates.

R ; e
% 7 The spores are found in clusters The free living prothallus (the
2 underneath the frond, called sori. gametophyte) develops from
the spore.
Life cycle of ferns
Sporophyte Gametophyte
(a) ( ) (b) ( ) Archegonia (female)

L, 0o _

c ®
/() v

Spores (N)

Mitosis

Egg cell
(N)

Sporangia form on
the underside of
special leaves called
sporophylls.

Antheridia
(male)

Sperm cells (N)

The young sporophyte
Young 4« remains attached to the
\ sporophyte gametophyte as it develops.
(e) «—— Mitosis The sperm fertilises the egg
to produce a zygote.

1. (a) - (e) Complete the diagram above, using the labels N, 2N, fertilisation, meiosis, mitosis:

2. What feature distinguishes ferns from seed plants (angiosperms and gymnosperms)?

3. (a) Why do ferns require moist environments in order to reproduce?

(b) Explain why this requirement ultimately limits where they can survive in the long term:

©2022 BIOZONE International
ISBN: 978-1-98-856655-9
Photocopying Prohibited

13



Reproduction in Angiosperms

Key Idea: Angiosperms are flowering plants. The sporophyte  to the female gametes. The leafy plant that bears the
produces flowers that contain the tiny gametophytes. flowers represents the sporophyte generation of the life
Fertilisation of the gametes gives rise to the seed. cycle. The flowers contain specialised male and female
Angiosperms are flowering seed plants. In seed plants, structures (anthers and ovules), in which the male and
pollen (not water) is the vehicle to carry the male gametes  female gametophytes are formed

» The pollen grain is the male gametophyte and the embryo sac
is the female gametophyte. Each mature pollen grain contains
two sperm nuclei and each mature embryo sac contains the egg
and two polar nuclei.

> The typical life cycle of angiosperms (below) involves the formation
of gametes (egg and sperm) from the haploid gametophytes,
the fertilisation of the egg by a sperm cell to form the zygote, the
production of fruit around the seed, and the germination of the
seed and its growth by mitosis.

» The gametophyte generation may be important to a plant for
reasons other than producing gametes. Endosperm (3N) derived
from male and female gametophytes provides nutrients for
embryonic sporophytes (right).

Corn (Zea mays) seed

Endosperm

Embryonic
sporophyte

Life cycle of angiosperms (flowering plants)

Sporophyte Gametophyte

Anther produces
pollen

)

(@) ( ) Stigma

Pollination - pollen is
transferred to the stigma.

Pollen contains two cells, both N,
Anther the tube cell, and the generative
cell (produces sperm nuclei).

Megasporocyte produces Pollen tube
the embryo sac which transfers —>»
contains the egg (N). sperm to egg.
Pollen tube /
Ovule produces
megasporocyte (2N)  Ovule \_} <«

Sperm
nuclei

Polar nuclei
(N+N)

Egg (N)

Endosperm (3N)

Q One sperm nucleus fuses with
the egg cell, forming the zygote.
Seedling Seed The other fuses with the polar
(e) l nuclei to form the endosperm.
\\ Zygote (2N)
- €——  Mitosis _/

Embryo

1. (a) - (e) Complete the diagram above, using the labels N, 2N, fertilisation, meiosis, mitosis:

2. (a) In which part of a flowering plant do the male gametophytes develop?

(b) In which part of a flowering plant do the female gametophytes develop?

3. Why don't angiosperms need a moist environment for fertilisation to occur?
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Reproduction in Gymnosperms

Key Idea: Gymnosperms are a group of seed plants that Conifers and cycads are gymnosperms. Conifers usually
includes the conifers. The sporophytes produce cones, which  bear the smaller male and the much larger female cones on
produce either pollen or egg cells (not both). the same plant. Conifers are wind pollinated.

» All gymnosperms are wind pollinated. In conifers,
the wind-carried pollen sticks to a drop of fluid within
a tiny hole (the micropyle) at the end of the ovule.
When the fluid evaporates, it draws the pollen into the
ovule. The pollen develops a pollen tube, which grows
towards the egg cell (this can take up to 15 months).

> After fertilisation, a zygote forms which develops into
an embryo then into a seed, which is often 'winged'.
Some conifers require the intense heat from a fire to
open the cones and release the seeds.

Life cycle of conifers (cone-bearing plants) 54 E

Sporophyte Gametophyte
@ ) by« )

Pollination - pollen is
(c) carried by the wind.

>

) icropyle
mlctl;?s:)orﬁ oN Pollen (male \ y
other cells (2N) gametophyte) (N) Pollen tube\i
/

Male cone

give rise to pollen.
Fertilisation

____1(d —— /

Egg cell (N)

Megaspore mother ~ Female gametophyte
cell (2N) (produces ~ (megagametophyte) (N) Mitosis
egg cell. within the ovule (dotted line).

Female
cone

Seed
\ Cone scale

— Wing “ Embryo (2N)
Mitosis ’
— < (o)
. Megagametophyte (N)
Seedling
Seed

1. (a) - (e) Complete the diagram above, using the labels N, 2N, meiosis, mitosis:

2. Briefly describe how the sperm cell reaches the egg cell in conifers:

3. Which structure in a conifer is equivalent to the embryo sac of angiosperms?

4. What is the role of wind in the complete life cycle of a conifer?
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Insect Pollination

Key Idea: Many angiosperms have a mutualistic relationship
with their pollinators in which the plants achieve pollination by
rewarding insects with food such as nectar or pollen.

Pollination is the transfer of pollen from the male anther to
the female stigma. Pollination of flowers by insects is usually
mutualistic. Mutualistic relationships involve exchanges
between two species, so that each species benefits. The

benefit need not be equal for each party because each
species acts in its own interests. In the case of insect
pollination, the insect benefits from the energy in the plant
nectar or pollen it consumes. The plant benefits by having
its gametes transferred to another plant. Nearly 88% of all
flowering plants are pollinated by animals, with the vast
majority being insects.

Cross section of an insect pollinated flower

Female Reproductive
Structures

Stigma: The receptive
part of the carpel. Pollen
grains will germinate
only if they land here.

Style: The structure that
supports the stigma.

Ovary: The base of
the carpel where the
ovules develop.

Ovules: These are eggs
and once fertilised,
become the seeds. The
ovule skin becomes the
seed coat or testa.

An entire female part is [] % ]
the carpel. There may be ,ﬁ%
one or more carpels per 0]
flower.

The petals of flowers guide
insects towards the pollen or
nectar at the centre of the flower,
using various colours and lines
known as nectar guides. In this
way, wandering insects are
enticed into entering the flower
and transfer pollen in the most
efficient way.

1. Describe the difference between the stigma and the anther:

Male Reproductive
Structures

Anther: Top portion of
the stamen, the male
organ of reproduction.

Filament: The slender
stalk of the stamen that
supports the anther.

Petals: Collectively,
these form the corolla.
Often brightly coloured.

Sepals: Together form
the calyx. Usually green,
but sometimes the same
colour as the petals.

Nectary: Plants produce a
ugary liquid called nectar to
attract insects to the flower.

Receptacle: The swollen
base of the flower.
Sometimes it forms the
succulent tissue of the fruit.

Bees, and many other insects,
are able to detect ultraviolet light.
Many flowers contain pigments
that reflect UV, producing a
specific pattern visible to insects
but not to other animals. In this
way, plants can use their flowers
to specifically attract preferred
insect pollinators.

2. (a) Explain why flowering plants need to attract pollinators to their flowers:

(b) Describe the adaptations in angiosperms that attract specific pollinators to their flowers:
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Positive and negative effects
of non-specific pollinators

Plant species A

t |
effect A mutualism is facultative when the species
involved do not rely on either for survival, but
take advantage of each other, when present.
ol

[ (=] Many insects will take pollen and nectar from
5 A many plant species and do not rely on just one
[=] e for survival.

Yucca moth

Photo: J. Arthur Thomson.

effect
Plant species B
Obligate mutualism occurs when one species
relies entirely on another for its survival. One
Most insect pollinators are generalists, meaning they do not form pollination relationships example is the relationship between the yucca
with specific plants. Honey bees, for example, pollinate many different kinds of plants. This  and the yucca moth. The yucca cannot make
can be of negative value to a particular plant, as the energy expended in producing pollen  seeds without the moth, and the moth larvae
and nectar is wasted if the bee does not then fly to a plant of the same species. only eat yucca seeds.

Orchid flowers are highly variable in their Magnolias are an ancient plant group with Angiosperms may not always have been

structure, and often highly specialised. generalised flowers. They evolved before the only plants to rely on insect pollination.
They often have only one specific insect bees and evolved with beetles as their Gymnosperms may have been pollinated
pollinator. This relationship is the result main pollinators. Magnolias produce large by scorpionflies (above) in the Jurassic,

of the plant and its pollinator evolving amounts of pollen, some of which is food long before flowers evolved.

together. for the beetles.

3. Describe the benefits of mutualism to both the flower and the pollinator:

4. Discuss the advantages and disadvantages of flowers having obligate pollinators:
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18 E Wind Pollination

Key Idea: The flowers of wind pollinated plants are usually
small and pale coloured. Vast quantities of pollen are needed
to achieve successful cross-pollination.

The flowers of wind pollinated plants are not as large or
brightly coloured as those of insect pollinated plants. Their
flowers are generally small and may lack petals altogether,
while the anthers and stigma are large and hang clear of

the surrounding structures. Wind pollen is highly inefficient,
with most pollen falling to the ground within 100m, so large
amounts of pollen are produced to ensure successful cross
pollination with other plants. All gymnosperms, but only
around 10% of flowering plants, are wind pollinated. However,
this 10% includes the grasses, which are one of the most
successful of all the angiosperm groups.

The structure of wind pollinated flowers

/AWn

Wind pollinated flowers typically
have a non-showy flower, with
numerous spikelets. Each spikelet
contains several florets.

Bract (glume)

Stamen

Filament

Reproductive parts

of one floret, with palea

and lemma removed.
EiE Bulbous lodicules
% help open the floret.
[=]

As with most wind-pollinated plants, grass
flowers are small, but produced in large
numbers. The arrow in the photograph
above points to the anthers of a grass
plant on the flowers, which are held above
the ground on a stalk.

Anther: Hangs well
clear of the leaf scale
and produces light-
weight pollen which is
easily carried away.

Palea and lemma enclose
both the spikelet and the
individual florets themselves.

The flowers of wind-pollinated trees are
small, often with green petals, and very
numerous. Wind pollinated trees are
common in temperate regions where wind
movement through deciduous trees easily
disperses the pollen.

Oat spikelets

Awn: a bristle-like
extension of the floret
is typical of grasses.

One spikelet with ’ \

four florets

i Ve Stigma: Large

\ and feathery,
suspended clear
of the flower by
long styles.

Large quantities of
smooth, dry pollen are
produced but there is
no scent or nectar.

Gymnosperms are all wind pollinated. In
conifers, the male cones are often borne
on the lower branches. They produce vast
quantities of pollen, which must be blown
upwards towards female cones in higher
branches of other trees.
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1.

4. Contrast the efficiency of wind and animals as pollinating agents, giving a reason for your answer:

5. Describe the main advantage of cross-pollination:

Describe three differences between the insect and wind pollinated flowers shown in the photographs below:

(@)

(b)

(©

Using the photographs and your answers above to help you, contrast wind and insect pollinated flowers with respect to
each of the following characteristics. For each, give reasons for the differences observed:

(a) Appearance of the flowers:

(b) Production of scent and nectar:

(c) Amount of pollen produced:

(d) Position of the reproductive parts (stigma, stamens):

Describe two adaptations of wind pollinated flowers:

(a)
(b)
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('W Pollination and Fertilisation

Key Idea: In plants, pollination is essential to ensure
fertilisation and production of seeds.

Pollination is the transfer of pollen grains from the male
reproductive structures to the female reproductive structures
of plants. This must happen before fertilisation (the joining of

the egg and sperm) can occur. Adaptations to ensure cross-
pollination (pollination between different plants) include
structural and physiological mechanisms associated with
the flowers or cones themselves, and reliance on wind and
animal pollinators.

Mechanisms to ensure cross pollination

Ernie

Male willow catkin

An effective way of ensuring
cross-pollination is to have
separate male and female
plants. This occurs in about
6% of angiosperms including
willows and holly.

Male and female pine cones

Other plants produce separate
male and female flowers or
cones on the same plant. They
may develop at different times
to ensure that pollen does not
fertilise the same plant.

Tulip anthers and stigma

Some angiosperms have
flowers with both male and
female structures. They can
ensure cross-pollination if the
anthers and stigma mature at
different times.

NeutrOnics CC 3.0

Germinating pollen grains

In many plants, pollen landing
on the stigma of the same plant
will not even germinate. This
ensures that the egg cells are
not fertilised by sperm from the
same plant.

> Pollen grains are immature male gametophytes, formed by mitosis of haploid
microspores within the pollen sac. Pollination is the actual transfer of the
pollen from the stamens to the stigma, or from the male cone to the female
cone. Pollen grains cannot move independently. They are usually carried by

wind or animals.

Cell wall composed of
<— extremely hard material
called sporopollenin

Sperm cells Tube nucleus

Pollen tube

Fertilisation in angiosperms

» In angiosperms, pollen lands on the sticky stigma and completes
development, germinating and growing a pollen tube that extends down to
the ovary (shown right). The pollen tube is directed by chemicals (usually
calcium) to the ovule. It enters through the micropyle, a small gap in the
ovule. A double fertilisation takes place. One sperm nucleus fuses with the
egg to form the zygote. A second sperm nucleus fuses with the two polar
nuclei within the embryo sac to produce the endosperm tissue (3N). There

— Germinating pollen grain
‘
Pollen tube grows

down to ovary guided
by chemical cues

Anther with
pollen grains
in pollen sacs

Stamen

Ovary wall

o
\

Embryo sac
Polar nuclei

Egg
Micropyle

Two sperm nuclei

are usually many ovules in an ovary, therefore many pollen grains (and

fertilisations) are needed before the entire ovary can develop.

1. Explain why plants have generally evolved to limit self-pollination:

Angiosperm

2. Describe three ways in which plants avoid self-pollination:

(a)

(b)

()
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Fertilisation in gymnosperms

» In conifers, the pollen lands on a drop of fluid covering the micropyle and is drawn down into the micropyle to the ovule as
the fluid evaporates. The pollen tube germinates shortly afterwards, but may take 15 months to reach the egg cell. The pollen
grain produces the sperm-producing cell which produces two sperm nuclei. One nucleus fuses with the egg cell while the other
degenerates. About 4% of seeds contain multiple embryos, which are formed when more than one egg cell in the ovule develops.

Female cone

Scale from
female cone

Ovule
Female gametophyte

Egg cell

Egg nuclei

Sperm nuclei

Pollen tube

Micropyle liquid
Gymnosperm
Micropyle

Pollen grain

3. Describe the mechanisms to ensure cross-pollination in plants:

4. Distinguish clearly between pollination and fertilisation:

5. Briefly describe how pollination differs between angiosperms and gymnosperms:

6. Describe the role of the double fertilisation in angiosperms and explain how this is different to gymnosperms:

7. Name the main chemical responsible for pollen tube growth:

8. Explain what would happen if a seed containing multiple embryos germinated:
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Key Idea: The seed houses the dormant embryonic plant and
its food store until conditions for germination are met.

After fertilisation, the ovules within the ovary become the
seeds. Recall the double fertilisation in angiosperms; one
fertilisation produces the embryo and the other produces the
endosperm. The development of the endosperm is important
as it provides a nutrient store for the young plant. A seed is

USDA

Dicot seeds: soy (above) cashew (below)
There are two fleshy cotyledons. These
store food absorbed from the endosperm.

Endosperm

Monocot seed
Maize: (Zea mays)

Seed Structure and Germination

an entire reproductive unit, housing the embryonic plant in
a state of dormancy. During the last stages of maturing, the
seed dehydrates until its water content is only 5-15% of its
weight. The embryo stops growing and remains dormant until
the seed germinates. At germination, the seed takes up water
and the food store is mobilised to provide the nutrients for
plant growth and development.

Seed structure and function

Testa or seed coat

Plumule

Cotyledon

Radicle

Root cap

Dicot seed
Bean: (Phaseolus vulgaris)

Every seed contains an embryo comprising a rudimentary shoot (plumule), root
(radicle), and one or two cotyledons (seed leaves). The embryo and its food
supply are encased in a tough, protective seed coat or testa. In monocots, the
endosperm provides the food supply, whereas in most dicot seeds, the nutrients
from the endosperm are transferred to the large, fleshy cotyledons.

e

Germination in a dicot seed

Testa

In germination, the seed must rehydrate (seed coat)

and reactivate its metabolism. The

seed absorbs water through the seed

coat (testa) and micropyle. As the seed
tissue takes up water, the cells expand,
metabolism is reactivated, and growth
begins. Activation begins with the release
of the hormone gibberellin (GA) from the
embryo. GA promotes cell elongation, so
the root can penetrate the testa. It also
stimulates the synthesis of enzymes which

-
y;

Radicle

Bean: (Phaseolus vulgaris)

Testa splits

L
EY Cotyledons
[ty -
Plumular hook
)
-
\ ‘ > 4
¥ % -~

hydrolyse the starch to produce sugars.
The mobilised food is delivered to the
developing roots and shoots.

1. What is the purpose of a seed?

Radicle erupts from the
seed and grows rapidly
downwards.

Plumular hook
protects the
emerging stem.

Foliage emerges and
secondary roots emerge from
the lateral roots.

(a) State the function of the endosperm in angiosperms:

(b) State how the endosperm is derived:

What is the role of the testa?

Explain why the seed requires a food store:

5. Why must stored seeds be kept dry?
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Investigating the effect of water on germination

» There are many factors affecting the germination of a seed. How those factors affect germination varies from species to species.

In general there are three requirements for seed germination: water (absorption and reactivation of metabolism), oxygen (for cell
respiration), and a temperature that allows metabolism to proceed. Light may or may not be required for germination, depending
of the species, although light is required very soon after germination.

» Water is essential for the germination process. It enables expansion of the growing cells and activates the enzymes needed for
germination. It is also needed for the hydrolysis of stored starch and the mobilisation of food molecules.

. A : = . . . . .
.’. B Investigation 1.2 Germination investigation

See appendix for equipment list.

1. You will need four planting containers and four sets of tomato seeds, (or other small, relatively quickly
germinating seeds e.g. mustard seeds), and suitable sterilised growing medium. There should be about 20 seeds
in each set (numbers may vary, as the result can be pooled as a class, but around 100 seeds in total per set
should be used).

2. Put one set of seeds aside. Soak the other three sets of seeds in water at room temperature for 12 hours, 24
hours, or 36 hours (or other equally spaced time, based on lab availability). Begin the soaking process so that
all three sets of seeds finish their soaking at the same time.

3. Plant each of the four sets of seeds in one of the four containers, spacing the seeds in a grid at equal
distances from each other. Place the seeds in their containers, in a sunny position, at room temperature.

4. For 12 days, water each set of seeds with 500ml of water per day, allowing to the water to drain thoroughly.

5. Count the number of seeds germinated each day, and record.

Days after soaking

Soaking 1 2 3 4 5 6 7 8 9 10 | 11 ] 12 kL
duration germinated
0

6. Plot the result on the grid above:

7. At which length of soaking time did the greatest number of seeds germinate?

8. ldentify one way in which the experiment could be made more accurate:

9. lIdentify one other experiment that could be done to extend this initial experiment:
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Cnangarra CC 2.5

Seed Dispersal

Key lIdea: Seeds are dispersed from the parent plant to
reduce competition for light and nutrients.

Plants disperse their seeds to expand their range and reduce
competition. In some cases, the seed itself is the agent of
dispersal, but often it is the fruit or an associated attached
structure. Seeds are mainly dispersed by wind, water, and
animals. Wind dispersed seeds have wing-like or feathery

structures that catch the air currents and carry the seeds.
Plants that rely on animals to spread their seeds may have
hooks or barbs that catch the animal hair, sticky secretions
that adhere to the skin or hair, or fleshy fruits that are eaten,
leaving the seed to be deposited in faeces, away from the
parent plant. Other dispersal mechanisms rely on explosive
discharge or shaking from pods or capsules.

For each of the examples below, describe the method of dispersal and the adaptive features associated with the method:

(b) Adaptive features:

(a) Dispersal mechanism:

1. Dandelion seeds are held in a puff-like cluster:

(b) Adaptive features:

(a) Dispersal mechanism:

2. Acorns are heavy fruits in which the fleshy seeds are encased in a resistant husk:

(b) Adaptive features:

(a) Dispersal mechanism:

3. Coconuts are heavy buoyant fruits with a thick husk:

(b) Adaptive features:

(a) Dispersal mechanism:

4. Banksia seeds are attached to a light wing structure:

(b) Adaptive features:

(a) Dispersal mechanism:

5. Wattle (Acacia spp.) seeds are enclosed in pods. A fleshy strip surrounds each seed:

(b) Adaptive features:

(a) Dispersal mechanism:

6. LillyPilly (Acmena spp., Syzgium spp.) seeds are surrounded by fleshy fruits:
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Key Idea: Fertilisation refers to the union of male and female
gametes to form a zygote. In animals, both fertilisation and
development may occur externally or internally.

Sexual reproduction involves the production of sex cells
(gametes) produced by sex organs (gonads). Female
gametes are called eggs, male gametes are called sperm.
Fertilisation in animals can be either internal or external.
Many aquatic invertebrates and fish use external fertilisation,
where the parents release their gametes into the water at
the same time. Other invertebrates, reptiles, sharks, birds,

External fertilisation

External fertilisation

External fertilisation has many disadvantages. Sperm may
not efficiently reach eggs or environmental conditions may
not favour fertilisation. Amphibious creatures, e.g. frogs,
must return to water in order to reproduce, limiting their
ability to live away from water. Many marine creatures must
produce huge volumes or numbers of eggs and sperm, e.g.
giant clam (above left), and this uses valuable resources.
However, external fertilisation is behaviourally simpler than
internal fertilisation and, in some cases, does not require
the physical meeting of male and female.

Sexual reproduction

Meiosis produces gametes and reduces the number of chromosomes

in a cell by half. Each sperm or egg contains half the genetic material of
the parent. When the gametes join together (fertilisation), they form a
single cell called the zygote, with a full set of chromosomes. The zygote
grows by mitosis. The full chromosome set is retained by every cell.

Egg: a large, non-

motile gamete
9 Zygote is —

formed

Cleavage
The early mitotic

Meiosis and
gamete formation

i

Fertilisation\

Animal Sexual Reproduction

and mammals use internal fertilisation, where sperm is
transferred directly into the female to increase the chances
of successful fertilisation. In birds and most reptiles, one
adaptation to life on land has been the evolution of the
amniote egg. The egg enables the embryo to complete its
development outside the parent's body, inside a protective
shell, and nourished by a yolk sac. The pattern of internal
development in mammals, termed gestation or pregnancy,
provides the most advantages for the embryo, in terms of
nourishment and protection during development.

Internal fertilisation

Internal fertilisation

Internal fertilisation is more efficient than external
fertilisation. The effect of the environment on the gametes
is removed and the developing offspring, or eggs, are
protected until mature. Fewer eggs and sperm need to be
produced. However, there are disadvantages. Individuals
must come into close contact. Elaborate courtships are
often needed to communicate intentions and prevent
attack by one individual on the other. A limited number of
offspring or eggs may be produced, compared to external
fertilisation.

Sperm: small
motile gametes

Rooster

divisions of the
fertilised egg.

Growth and development
The cells organise themselves
into different tissues and
organs. The new organism
becomes recognisable.
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Hermaphroditism

Most animals have separate sexes, i.e. individuals are either
male or female. However, in some animals both sperm and eggs
can be produced in the same individual. Such animals are known
as hermaphrodites. In earthworms (below), flatworms, and
some molluscs, e.g. land snails, both male and female organs
are active in the same animal, and there is typically a reciprocal
transfer of sperm, i.e. each receives sperm from the other during
copulation. In this type of hermaphroditism, there is no self-
fertilisation; a mate is necessary for any fertilisation to occur.
However, some specialised hermaphroditic animals, such as
parasitic tapeworms, are capable of self-fertilisation.

SN :
White patches are sperm
being exchanged

The photo above shows two earthworms in a mating clasp.
Each worm places its reproductive region, the clitellum, against
the reproductive region of the other worm, and sperm are
exchanged.

1. Describe one advantage of sexual reproduction:

B: Sperm transfer

Courtship and mating in the snail Cantareus aspersus
(formerly Helix aspersa, (above)). During an elaborate
courtship (A), calcareous darts are fired from the genital
opening (behind the tentacle) into the body of the partner.
Mating (B) involves reciprocal transfer of sperm via a penis (P).

2. Describe one potential disadvantage of sexual reproduction:

3. For the bird example on the previous page, compare the key differences between male and female gametes:

(a) The size of gametes:

(b) Number of gametes produced:

(c) Motility of gametes:

4. Distinguish between internal fertilisation and external fertilisation, identifying advantages of each strategy:

5. Describe two features of the amniote egg, e.g. in birds, that make it an ideal adaptation to reproduction on land:

(@)

(b)
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Key Idea: Animals have evolved diverse structural,
physiological, and behavioural strategies to maximise the
production of viable young.

To reproduce sexually, animals must have systems to ensure
that gametes meet, fertilisation takes place, and the zygote
develops successfully. Invertebrates have evolved some of
the most diverse reproductive systems. Most insect species
lay eggs, with a very few giving birth to live young. Amongst
the vertebrates, the basic structures of the reproductive

Reproductive strategies of frogs

» Frogs provide a good
example of the variety of
strategies that are employed
to ensure successful
reproduction. There are
about 40 known reproductive
methods used by frogs and
toads, including simply laying
eggs in water to develop on
their own, carrying the eggs
or tadpoles of the frog's back,
and gastric brooding.

A special layer of
spongy skin grows
up around the
eggs, completely
hiding them while
they develop.

Some frogs lay their eggs in Some species of small frogs in

After many weeks, the
young break out as fully
formed baby toads.

Animal Reproductive Strategies

system are relatively uniform, but there is huge variation in
the strategies shown by different vertebrate groups. Biologists
distinguish oviparous (egg laying) animals from viviparous
(live bearing) animals. A small number of vertebrates,
including some snakes, are ovoviviparous, i.e. the young are
born live, but from eggs hatched within the parent's body.
Reproductive strategies also include the effort involved in
caring for offspring. There may be many offspring produced
but little parental care, or few offspring with much parental care.

The Surinam toad is a bizarre-looking amphibian that
lives in murky streams in tropical South America. When
the female lays her eggs, the male presses them into the
female’s back. Later, they become embedded in the back
as the skin swells up around the eggs.
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Some frog species lay eggs on When a female midwife toad

a nest of foam either on land
(attached to leaves) or floating on
water. The foam not only hides
the eggs from predators, but it
keeps them moist and prevents

both South America and Africa
lay eggs that hatch into tadpoles
on land. The tadpoles stick to the
back of one of the parents with
mouthparts modified to function

leaves or branches overhanging
the water. In some of these
species, one of the parents
remains with the eggs until they
hatch. The tadpoles that emerge

lays her string of eggs, the male
winds them around his back legs.
He carries the eggs for about a
month, visiting puddles to keep
them moist. When the eggs are

them from drying out. as suckers. The parent carries

the tadpoles to water.

Newly hatched
chicken egg

Disc of cells that
develop into embryo

The structure and function of eggs

» Both reptiles and birds (which
evolved from reptilian ancestors)
develop watertight shelled eggs.
The egg is supplied with all the
necessary food material as well
as fats that yield water when
metabolised.

» The shell enclosing the egg
provides protection and reduces
water loss, yet permits gas
exchange. Waste materials from
the developing chick embryo are
stored in the egg.

» In birds, laying eggs allows the
parent to continue to fly without
the effort of carrying extra weight.

» Reptile eggs have a soft,
somewhat rubbery shell, while
birds' eggs have a hard, calcium
carbonate shell.

Air space

Ten-day old
chicken egg

Amnion (fluid-filled
sac that supports

and protects the
embryo)

Air space

Umbilical cord
(containing blood
vessels to and
from yolk sac)
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from the eggs drop into the
water below to complete their
development.

ready to hatch he places them in
a suitable pool.

Shell

Membrane

Chalaza (holds yolk
and embryo in place)

Chicken

embryo Membrane covered with blood

vessels allows gases to pass
to and from the atmosphere

Allantois: cavity in

which nitrogenous
wastes are stored

Yolk sac




Reproductive strategies of insects

»

Accessory gland

Insects reproduce sexually, mainly by internal fertilisation
followed by the production of yolk-filled eggs. A

single pair of gonads is located in the abdomen. Most
insects transfer sperm within small packets called
spermatophores. Claspers at the end of the male’s
abdomen hold the female’s abdomen during copulation.
The terminal segments of the female’s abdomen may form
an ovipositor, which is often extendable or needle-like,
with which they lay their eggs. Depending on the insect
species, eggs may be buried in soil, animal dung, or
rotting carcasses, injected into plant tissue or living hosts,
or cemented to twigs or leaves.

Accessory gland

Ejaculatory duct

Sperm duct

Clasper Seminal vesicle
Lateral oviduct Ovary
Spermatheca Union of

Female

Vagina Common oviduct

Mating between damselflies

» The Odonata (damselflies and dragonflies) are unique
amongst the insects. The male's penis is situated on
the abdomen, close to the thorax. However, the testes
are located at the end of the abdomen so that, before
mating, the male has to bend its abdomen around
to transfer semen from the testes to the penis. The
location of the male genitals also accounts for
the unique 'wheel position' adopted by Odonata, as
shown below.

The male damselfly grips onto a twig with its front legs
during mating while holding the female behind the
head with clasping organs at the end of its abdomen.

genitalia

The female bends her abdomen around
to join with the genitalia of the male.
Sperm is transferred via the penis to
the female’s sperm storage organ.

1. Giving examples, distinguish between oviparous and viviparous vertebrates:

2. Some frogs and toads have evolved novel ways of enhancing the survival of their eggs.

(a) How does the midwife toad enhance the survival of its eggs?

(b) How does the Surinam toad enhance the survival of its eggs?

3. (a) Name two vertebrates that produce shelled, waterproof eggs:

(b) Which feature of a vertebrate egg has been primarily responsible for its success?

(c) Explain how a vertebrate egg provides for the following needs of a developing embryo:

Elimination of wastes:

Gas exchange:

Nutrition (food supply):
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Reproductive strategies

» The reproductive effort is the amount of energy allocated to reproduction, i.e. the production and care of young. The way in which

an animal allocates its reproductive effort is part of its reproductive strategy. Effort can be expended in producing offspring, or
caring for them, or both. Different strategies carry different costs and benefits.

Of the total reproductive effort, the amount remaining after production of the offspring can be allocated to parental care. At one
extreme, most invertebrates expend their total reproductive effort in producing eggs and sperm and there is no parental care. At
the other extreme, mammals invest heavily in a small number of offspring and the parental care cost is substantial. Between this

is a continuum, with some animals adopting alternative strategies, such as brood parasitism. No strategy is necessarily better
than any other. They are different solutions to the problem of successful reproduction.

Many eggs or

Moderate number Few eggs or
young produced of eggs produced young produced
2% z| 2 z| 43
5] — Y 2 T L@
€ ) ] . O 8 LD,
g ‘0’:‘9 g 9\ g 5 E’;
%2, 1S S € o
5 L2 = 3 z 3
Re: A ) 3 o ®
T i - - - g
) 1@ :
\J \ \
Low risk O Moderate to low Higher risk
to parents O O risk to parents ‘ to parents

Low percentage of offspring

High percentage of offspring
survive to reproductive age

High percentage of offspring
survive to reproductive age

survive to reproductive age

Little or no parental care Brood parasites Parental care

» Large number of offspring produced. » Moderate number of offspring. > Few offspring.
» Low reproductive effort per offspring. » Reproductive effort per offspring is ) High reproductive effort per offspring.
P Little or no parental care of offspring. moderate to low. » Moderate to substantial care
» Reproductive effort is put into P Rely on others to raise offspring. of offspring.
producing the offspring, not D Risk of egg loss is mitigated by

parental care.

» Examples: most fish, amphibians,
reptiles, and invertebrates.

distributing eggs amongst a number
of hosts.

Examples: some birds, insects,
and fish.

» Large reproductive effort put into

raising offspring to a less
vulnerable stage.

» Examples: most birds and mammals,

some fish.

4. Describe the different ways in which animals can allocate their total reproductive effort:

5. Animals with parental care protect the investment they have already made in offspring. Explain how factors in the
environment (e.g. food resources and risks to young) might influence how much care is provided by each parent:

6. Why is no reproductive strategy necessarily better than any other?

©2022 BIOZONE International
ISBN: 978-1-98-856655-9
Photocopying Prohibited



Insect Life Cycles

Key Idea: The life cycle of most insects involves
metamorphosis from an immature form to an adult.

Insects possess an exoskeleton: a tough outer layer of chitin
that must be moulted, or shed, to allow growth. The growth
and development of most insects from an immature form into
an adult is achieved by a process called metamorphosis.
Most insects undergo a complete metamorphosis, which
involves egg, larval, pupal, and adult stages. Other insects

go through a process of incomplete metamorphosis, which
involves several nymphal stages but no pupal stage. The
term, instar is given to the developing nymph forms. In all
insects, there may be several larval instars characterised by
size, altered body proportions, or changes in body segments.
In insects that undergo complete metamorphosis, the adult
may have a different morphology and lifestyle from the larval
stage.

Old skin of nymph Silverfish Cockroach Mosquito
being discardedsg!
b ey 1stinstar
+ Larva
>;§' 2nd instar
New adult +
emergin
98 3rd instar
Cicada moulti'n:g %

The three distinct life cycle patterns seen in
insects are shown on the right. Some, such as
the primitive, wingless silverfish, exhibit little

change with each moult. Insects from more +
primitive orders (e.g. cockroaches) hatch from
eggs to resemble miniature adults, but with
undeveloped reproductive organs and lacking
wings. With each moult, their wings gradually
increase in size and their reproductive

organs develop. More advanced insects, e.g.
butterflies and mosquitoes, exhibit egg, larva,
pupa, and adult sequence.

7th instar

Adult

No metamorphosis

Adult

Incomplete metamorphosis Complete metamorphosis

The life cycle of the monarch butterfly Danaus plexippus

» The monarch butterfly has a life-cycle typical of an insect that undergoes complete metamorphosis. It passes through four
completely different forms: a tiny egg, 5 stages of larval or caterpillar growth, a dormant pupa (chrysalis), and finally an adult

butterfly.

» The whole growth process of the monarch takes a little over a month to complete in midsummer, longer at other, cooler, times of
the year. Cold days slow down metabolism and therefore growth rate. The lifespan of the monarch has been estimated at 60-70
days. This lifespan becomes as much as 6 or 7 months if the butterfly emerges in the autumn and needs to hibernate through the
winter, before egg-laying begins.
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3. Caterpillar larvae
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1. Two adults mating 2. Female laying eggs 4. Chrysalis 5. An adult hatching
feeding -
A o,
Stage in i
life cycle: Egg () Larva Pupa Adult
Function: Embryo Growth Reconstruction Reproduction and dispersal
Instar: 1i2: 3 4 5 6 7
A L S S S A A
Event: Oviposition Hatching Instar moults Pupation Emergence Courtship Egg laying Death
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1. List the stages in the following types of insect life cycles:

(a) Complete metamorphosis:

(b) Incomplete metamorphosis:

(c) Growth and moulting:

2. Describe the purpose of each of the following stages in an insect life cycle exhibiting complete metamorphosis:

(a) Egg:

(b) Larva:

(c) Pupa:

(d) Adult:

3. Provide two examples of insects exhibiting each of the following types of life cycles:

(a) Complete metamorphosis:

(b) Incomplete metamorphosis:

(c) Growth and moulting:

4. Describe one advantage of having a life cycle where the young undergo metamorphosis into the adult stage:

5. ldentify a type of vertebrate that exhibits complete metamorphosis between the juvenile and adult stages:

6. Insects, unlike vertebrates, experience a problem when growing in size because they possess an exoskeleton.

(a) Why does the exoskeleton create a problem for insect growth?

(b) How do insects solve this problem?

7. Discuss the adaptive role of metamorphosis in the life cycles of insects, including reference to the exploitation of habitat
and resources:

8. Why is the life cycle of the monarch butterfly considerably longer over winter (relative to summer) months?
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Mammalian Reproduction

Key Idea: The three mammalian taxa have evolved different  the three mammalian taxa (monotremes, marsupials, and
reproductive strategies with quite different energy allocations.  placentals) are quite different. Monotremes, which are egg

All mammals produce milk to feed their young. However,

in other features of their reproduction and development,

Monotremes

Examples: Platypus, Echidna

e Egg-laying habit (two at a time)

e Common cloaca (not separate anal
and urine/genital openings)

e Large, yolky eggs

e Eggs incubated after laying

e After hatching, young lap milk from
teatless mammary glands

Large eggs

inovary ~.

Tube

Embryo develops
inside the egg in
the uterus for
about 4 weeks.

Bladder

Cloaca

1. Why are monotremes, marsupials, and placentals all classed as mammals?

Examples: Wallabies, Kangaroos,
Wombats, Koala, Possums

Marsupials

At least two, sometimes three,
vaginae

Very short gestation of young in
the uterus

A very simple placenta is sometimes
formed, but only for a very short time

Tiny, embryo-like young at birth

Development completed inside
a pouch

Young attach to teat in pouch
to suckle

Fallopian
tube

Ovaries
Uterus

Lateral
vagina

Medial vagina

Bladder Vaginal opening

laying, are regarded as being the most primitive.

o e RN Y !
Examples: Rodents, Primates

Single common vagina and
sometimes a common large uterus
(e.g. humans)

Eggs are small with very little yolk

Placenta (complex embryonic-
maternal connection) nourishes
the embryo

Young relatively well-developed
at birth

Young are suckled with milk
after birth

@—Ovary
Fallopian tube

Uterus

Cervix

Vagina

Bladder Urogenital

opening

2. Why are monotremes regarded as being very primitive mammals?

3. Describe two features of marsupial reproduction that are advancements on the monotreme reproductive pattern:

4. In what way is the reproductive plan in placentals more highly developed than that of marsupials?
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Key Idea: There is some relationship between animal size
and gestational period but other factors influence the degree
of development and independence of newborn mammals.

The gestational period, or length of pregnancy, of mammals
varies greatly. Although the gestational period is often longer
for larger animals, factors other than size determine both

Gestational Development

length of pregnancy and level of development in the young
at birth. These may include life-span, developmental rates,
number of offspring produced, and threats (e.g. being eaten
by other animals). Animals are classed as either precocial
or altricial at birth (below), but there are varying degrees of
classification between the two extremes.
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Mammals which move independently soon
after birth, and that see and hear well, are
called precocial. Mobility is important, as
their defence against predation is to run.
Large hoofed grazers tend to be precocial.

Altricial mammals are born relatively
helpless. Often they are unable to see and
are fairly immobile. The young of many
species are born hairless, with their eyes
shut. Rodents, cats, dogs, and marsupials

Newborn primates show varying degrees of
precocial or altricial features at birth. Many
primates move about shortly after birth and
their eyes are open. In contrast, newborn
humans have long periods of dependency.

are altricial species.

Gestational period versus female adult mass in mammals

Newborn zebra foals

450 can run a few hours ‘
400 - after birth. *
2
s .
3 R?=0.7478
§ *
T
c
2 Key
©
‘qm‘) Marsupial young, such as € Hoofed mammals
(0] the red kangaroo, are born €  Primates
shortly after conception, X Carni
but spend many months in arnivores
the pouch completing their ® Rodents
development. Y Marsupial
0 | | | | ] ] ] ] ]
100 200 300 400 500 600 700 800 900
Female adult mass (kg)
1. Analyse the graph above and describe the relationship between animal size (weight) and gestational period:
2. Suggest why hoofed mammals (sheep, zebra, horse cow, antelope) have long gestational periods:
3. (a) What can you say about the position of the primates on the plot above?
(b) Can you suggest a reason for this pattern?
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Gametes

Key Idea: Gametes are the sex cells of organisms. Male and
female gametes differ in their size, shape, and number.

Gametes (sex cells) are produced for the purposes of sexual
reproduction. The gametes of male and female mammals
differ greatly in size, shape, and number. These differences
reflect their different roles in fertilisation and reproduction.

Male gametes (sperm) are highly motile and produced in
very large numbers throughout life. Female gametes (eggs
or ova) are large, relatively few in number, and immobile.
Eggs and sperm are produced by meiosis in a process
called gametogenesis. Gametogenesis in males is called
spermatogenesis. In females, it is called oogenesis.

Egg structure and function

Mitochondrion

Cytoplasm
Plasma
membrane \

Zona
pellucida

Cortical
granules

Polar body \‘ %

» Mature spermatozoa (sperm) are produced in
the testes. Meiotic division of spermatocytes
produces spermatids, which then differentiate into
mature sperm.

» The sperm's structure reflects its purpose, which
is to swim through the female reproductive tract to
the ovum, penetrate the ovum's protective barrier,
and donate its genetic material. A sperm cell
comprises three regions: a headpiece, containing
the nucleus and penetrative enzymes, an energy-
producing mid-piece, and a tail for propulsion.

» Human sperm live for only about 48 hours, but

Enzyme-filled Nucleus
acrosome

» The ovum is a simpler structure than the sperm
cell. It has no propulsion mechanism and moves as
a result of the wave-like motion of the ciliated cells
lining the Fallopian tubes of the female reproductive
tract. The ovum is required to survive for a much
longer time than a sperm, so it contains many more
nutrients and metabolites and, as a result, it is much
larger than a sperm cell (up to 100pm).

> The contents of the ovum are similar to that of a
typical mammalian cell, although it is externally
surrounded by a jelly-like glycoprotein called the
zona pellucida. A small polar body (the remnants of
a sister cell) lies between the plasma membrane and
zona pellucida. Cortical granules around the inner
edge of the plasma membrane contain enzymes that
are released once a sperm has penetrated the egg,
forming a block to prevent further sperm entry (the
cortical reaction).

Sperm structure and function

S5pm

Mitochondria
aligned in a helix

L
L —1

The mid-piece has many
mitochondria to generate
the energy for swimming.

The tail is a long

they swim quickly and there are so many of them
(millions per ejaculation) that usually some are
able to reach the egg to fertilise it.

The headpiece contains the nucleus
and the acrosome, which contains the
enzymes that help penetrate the egg.

flagellum that propels
the sperm in its swim to
the egg.

1. Why do sperm need to be motile?

2. (a) How does an egg move along the Fallopian tube?

(b) Why does a mature egg need to be so many times larger than a sperm?

3. Describe how each of the following three features of a sperm cell contribute to its role in reproduction:

(a) Tail:

(b) Mitochondria:

(c) Acrosome:
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Spermatogenesis

Key Idea: Sperm is produced in the seminiferous tubules of
the testes.

Sperm is produced via the process of spermatogenesis
which occurs in the seminiferous tubules. Sperm production
is a continual process. It takes 60-70 days for a sperm cell to

[

Urethra

sperm to urethra.

Seminiferous tubules —
bundles of coiled tubes /

leading to the epididymis. A\

Spermatid (N)
Secondary

Primary

Direction
of sperm

development Sertoli cell

1. State the main role of the male reproductive system:

Vas deferens — transport

Early spermatid (N)

spermatocyte (N)

spermatocyte (2N)

Spermatogonia (2N)

fully develop, but several million sperm cells will be produced
each day. A sperm cell will survive in the epididymis for about
3 weeks before being reabsorbed. When a sperm combines
with an egg, it contributes half the genetic material of the
offspring and, in mammals, determines its sex.

The epididymis is a
coiled tube where the
sperm develop motility.

Sperm tails

Section through testis showing
seminiferous tubules. Each tubule
is 50-60cm long. In total, there are
about 600m of tubules.

Sertoli cell
(enlarged below)

Spermatogenesis

» Sperm (the male gametes) are produced
by meiotic division of spermatogonia in the
seminiferous tubules of the testes. The nucleus of
the germ cell in the male divides twice to produce
four similar-sized sperm cells. Spermatogenesis
continues throughout an adult male's life.

» The developing sperm are nourished by supportive
Sertoli cells. Sperm production occurs in response
to the male steroid hormone, testosterone. Sperm
formed in the testis enter the epididymis, where
they mature and develop motility.

2. (a) Where does spermatogenesis occur?

(b) What hormone controls this process?

(c) From the diagrams above, what evidence do you have that spermatogenesis is most efficient at temperatures just

below core body temperature?

3. Are sperm cells haploid or diploid? Explain:
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pZ' W Oogenesis

Key Idea: The ova are produced by a process called (egg) production initially begins in the embryo and is
oogenesis which is only completed if the egg is fertilised. suspended until puberty. It resumes during a menstrual cycle,
The female reproductive system consists of the ovaries, butis again suspended until fertilisation.

Fallopian tubes, uterus, vagina, and external genitalia. Ova

Oogenesis
> Unlike males, who produce sperm
throughout their lifetime, females First polar body
are born with their full complement (haploid, N)
of eggs and do not produce more. Primary oocyte /
Oogenesis is the process by (diploid, 2N) Additional polar bodies

> . O i
which mature ova are produced in ogonium / \ (do not always form)
the ovary. Mitosis in the oogonia

of the female fetus produces =

diploid (2N) oocytes. These Growth (mitori
remain in a suspended state of rowth (mitotic

S cell division)
the prophase stage of meiosis | Second polar bod
until the female reaches puberty. SE. - @ (hapIF())id N) y

Meiosis | Meiosis Il

At puberty, meiosis resumes. Each

menstrual cycle, one or two ova

resume development but, again,

meiosis is suspended, this time Secondary oocyte

in metaphase of meiosis Il. The (haploid, N) “fﬁ;uzzisz)n

second meiotic division is only ploid,

completed if the egg is fertilised. I T |

Completed in the fetus Completed in the adult
Egg production and fertilisation
[m] 353 ]

The unfertilised egg lives only for reh e
a day or so. It travels along the (]

Fallopian tube, where fertilisation
may occur, if sperm are present.

If the egg is fertilised, it will complete
meiosis Il and become implanted in the
lining of the uterus. If it is not fertilised, the
prepared lining is shed, passing out through
the vagina in a process called menstruation.

Eggs or ova are produced by the
ovaries and are released at ovulation.

The cervix is the lower part of the
uterus, connecting it to the vagina.
Front view of uterus and

associated structures

1. (a) Describe the difference between the lifetime production of gametes in males and females:

(b) In humans, how might this affect reproductive decisions between males and females?

2. Describe the difference in the number of gametes produced from the original precursor cell between males and females:

3. What is the trigger for the completion of oogenesis?

4. Where does fertilisation occur?

G [
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The Menstrual Cycle

Key Idea: The menstrual cycle involves cyclical changes in
the ovaries and uterus to prepare for fertilisation of an egg.

In humans, fertilisation of the ovum (egg) is most likely to occur
around the time of ovulation. The uterine lining (endometrium)
thickens in preparation for pregnancy, but is shed as a bloody
discharge through the vagina if fertilisation does not occur.

The menstrual cycle

Luteinising hormone (LH) and
follicle stimulating hormone (FSH):
FSH stimulates the development of
the ovarian follicles, resulting in the
release of oestrogen. Oestrogen levels
peak, stimulating a surge in LH and
triggering ovulation.

Pituitary LH and FSH

FSH stimulates
follicle development.

This event, called menstruation, characterises the human
reproductive or menstrual cycle. The menstrual cycle starts
from the first day of bleeding and lasts for about 28 days.
It involves predictable changes in response to pituitary and
ovarian hormones and is divided into three phases (follicular,
ovulatory, and luteal), defined by the events in each phase.

LH surge in response
<«— to peak in oestrogen
triggers ovulation.

2 4 6 8

Reproductive hormones
from the ovary

Hormone levels: One of the follicles
that begins developing in response to
FSH (the Graafian follicle) becomes
dominant. In the first half of the

cycle, oestrogen is secreted by this
developing Graafian follicle. Later,

the Graafian follicle develops into the
corpus luteum (below right) which
secretes large amounts of progesterone
(and smaller amounts of oestrogen).

Oestrogen
promotes repair

and growth of the
uterine lining.
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Progesterone maintains the
thickened uterine lining in preparation
for the implantation of a fertilised egg.

----

The corpus luteum: The Graafian 2 4 6 8
follicle continues to grow and, ataround  Qyarian cycle
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—_
o
-
n
-
NG
. %
() %
-
©
n
o

Corpus luteum

day 14, ruptures to release the egg
(ovulation). LH causes the ruptured
follicle to develop into a corpus luteum
(yellow body). The corpus luteum
secretes progesterone which promotes
full development of the uterine lining,
maintains the embryo in the first 12
weeks of pregnancy, and inhibits the

Ovulation; the follicle ruptures
to release the egg. The egg
may be fertilised.

i

Follicle surrounding the egg
grows in response to FSH.

Corpus
luteum

o
|

degenerates, progesterone
secretion stops, and the
uterine lining breaks down.

development of more follicles.

Menstruation: If fertilisation does not
occur, the corpus luteum breaks down.
Progesterone secretion declines,
causing the uterine lining to be shed
(menstruation). If fertilisation occurs,

2 4 6 8 10 12 14 16 18 20

Menstrual cycle

The uterine lining

breaks down

high progesterone levels maintain the
thickened uterine lining. The placenta
develops and nourishes the embryo
completely by 12 weeks.

because fertilisation
/ did not occur.

lay of the cycle: 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Follicular phase Ovulatory phase Luteal phase

1. Identify the hormone responsible for:

(a) Follicle growth: (b) Ovulation:

2. Each month, several ovarian follicles begin development, but only one (the Graafian follicle) develops fully:

(a) What hormone is secreted by the developing follicle?

(b) What is the role of this hormone during the follicular phase?

(c) What happens to the follicles that do not continue developing?

3. (a) What is the principal hormone secreted by the corpus luteum?

(b) What is the purpose of this hormone?

4. What is the hormonal trigger for menstruation?
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Key Idea: Hormones from the hypothalamus and anterior
pituitary regulate the menstrual cycle. The cycles of hormonal
fluctuations can be manipulated to control fertility.

The female menstrual cycle is regulated by the interplay of
several reproductive hormones. The main control centres for
this regulation are the hypothalamus and the anterior pituitary
gland. The hypothalamus secretes gonadotropin releasing
hormone (GnRH), which is transported in capillaries to

Control of the menstrual cycle

Control of the Menstrual Cycle

the anterior pituitary. Here, it induces the release of two
hormones: follicle stimulating hormone (FSH) and luteinising
hormone (LH). These two hormones bring about the cyclical
changes in the ovaries and uterus. Hormone levels during
the menstrual cycle are regulated through negative feedback
mechanisms, except for the mid cycle LH surge. The normal
regulation of the cycle can be manipulated with artificial
hormones for the purposes of contraception.

Contraception

Hypothalamus Key

FSH/LH secretion

© —> Stimulation

Contraception is used to prevent fertilisation of an
egg by a sperm. Contraceptive methods include
physical barriers, e.g. condoms, that prevent the

occurs in response —4 GnRH Q ---» Inhibition egg and sperm meeting, or chemical interference

to a hormone signal with the menstrual cycle to inhibit egg production.

from the hypothalamus This is done through oral contraceptives or
Anterior pituitary gland hormone implants.

-------------------- > D SRR e R LRI

Oestroéen inhibits
FSH secretion
(negative feedback)

[+

Developing Graafian follicle
secretes oestrogen
secretes progesterone

Oestrogen Progesterone
Repair and YY Thickening and
growth of the maintenance of
uterine lining the uterine lining

» In the first half of the cycle, FSH stimulates follicle development in
the ovary. The developing follicle secretes oestrogen which acts on
the uterus and, in the anterior pituitary, inhibits FSH secretion.

» In the second half of the cycle, LH induces ovulation and

development of the corpus luteum. The corpus luteum secretes
progesterone which acts on the uterus and also inhibits further

secretion of LH (and also FSH).

1. Describe the roles of FSH and LH in the control of the menstrual cycle:

Progesterone inhibits
LH and FSH secretion
(negative feedback)

Ovulation/development
of corpus luteum, which

Ny
Sugar pills & ..\:"? //
~

Combined OCP

Hormonal contraception

The oral contraceptive pill (OCP) is a commonly
used, reliable contraceptive method. Combined
oral contraceptive pills exploit the feedback
regulation of the menstrual cycle. They contain
combinations of synthetic oestrogens and
progesterone. They are taken daily for 21 days,
and raise the levels of these hormones in the blood
so that FSH secretion and the development of
ova are inhibited. Sugar pills are taken for 7 days.
This allows menstruation to occur but is not long
enough to allow ova to develop.

A second type of contraception is a progesterone-
only mini-pill. The pill works by thickening the
cervical mucus and preventing endometrial
thickening, but it does not prevent ovulation.

2. How does negative feedback regulate the secretion of FSH and LH in the menstrual cycle?

3. How does the OCP prevent conception (fertilisation of an egg by a sperm)?
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The Placenta

Key Idea: The placenta allows materials to be exchanged
between the fetus and its mother. It also acts as a temporary
endocrine organ, secreting hormones to maintain pregnancy.
The human fetus depends entirely on its mother for nutrients,
oxygen, and the elimination of wastes. The placenta is the

OO

27

Section
enlarged (right)

Villus with

Cervix

Umbilical cord

Above: Fetus (near full term),
showing placental attachment
and position in the uterus.

3

Below: Photograph of a human placenta,
just after delivery.

!

Umbilical
cord

The placenta is a disc-like organ, about the size of a dinner plate
and weighing about 1kg. It develops when finger-like projections
(villi) from the fetal membranes grow into the uterine lining. The
villi contain the capillaries connecting the fetal arteries and vein.
They continue invading the maternal tissue until they are bathed
in the maternal blood sinuses. The maternal and fetal blood
vessels are in such close proximity that oxygen and nutrients

1. Describe the structure of the human placenta and explain its function:

Sinus filled with
maternal blood

fetal arterioles
and venules

Fetal tissue —=

Umbilical

Umbilical
arteries

—>» Blood flow
----- » Exchange of wastes and nutrients via diffusion

specialised organ that performs this role, enabling exchange
between fetal and maternal tissues and allowing a prolonged
period of fetal growth and development within the uterus. The
placenta also has an endocrine role, producing progesterone
and oestrogen to maintain the pregnancy.

Schematic diagram showing part of the placenta in section

Maternal
arteriole

Maternal
venule

Uterine

Boundary between fetal lining

and maternal tissues

can diffuse from the maternal blood into the capillaries of the villi.
From the villi, the nutrients circulate in the umbilical vein, returning
to the fetal heart. Carbon dioxide and other wastes leave the fetus
through the umbilical arteries, pass into the capillaries of the villi,
and diffuse into the maternal blood. The fetal and maternal blood do
not mix. The exchanges occur via diffusion through capillaries.

2. The umbilical cord contains the fetal arteries and vein. Describe the status of the blood in each type of fetal vessel:

(a) Fetal arteries: Oxygenated and containing nutrients / Deoxygenated and containing nitrogenous wastes (delete one).

(b) Fetal vein: Oxygenated and containing nutrients / Deoxygenated and containing nitrogenous wastes (delete one).

3. Teratogens are substances that may cause malformations in embryonic development (e.g. nicotine, alcohol):

(a) Why do substances ingested by the mother have the potential to be harmful to the fetus?

(b) Why is cigarette smoking so harmful to fetal development?
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Key Idea: The union of a male and a female gamete to form a
zygote is called fertilisation. It involves several distinct stages.
Fertilisation occurs when a sperm penetrates an egg cell
at the secondary oocyte stage. The sperm and egg nuclei
then unite to form the zygote. In mammals, the entry of a
sperm into the egg triggers specific mechanisms to prevent
polyspermy (fertilisation of the egg by more than one

Fertilisation (Time 0)

The stages in fertilisation are represented
below in a numbered sequence (1-5)

1. Capacitation

The surface of the sperm cell undergoes
changes that are essential to enable the

acrosome reaction and sperm entry. Ladg

2. The acrosome reaction

Enzymes from the acrosome (an enzyme-filled bag at
the tip of the sperm) are released and digest a pathway

through the follicle cells (not shown) and the jelly-like zona
pellucida surrounding the egg cell (secondary oocyte).

3. Fusion of sperm head

The plasma membranes of the sperm and egg fuse, and
the nucleus of the sperm enters the egg cytoplasm. Fusion
causes a sudden membrane depolarisation that acts as

a 'fast block' to further sperm entry. The fusion of the two
plasma membranes also triggers the completion of meiosis
II'in the egg cell and induces the cortical reaction (below).

4.The cortical reaction

The fusion of the two plasma membranes induces a
permanent change in the egg surface that prevents further
sperm entry. Cortical granules in the egg cytoplasm release
their contents into the space between the plasma membrane
and the vitelline layer. Substances released from the
granules raise and harden the vitelline layer to form a slow
and permanent block to further sperm entry.

Zona pellucida
(glycoprotein layer)

Fertilisation and Early Growth

sperm). These include a change in membrane potential, and
the cortical reaction (see below). A zygote resulting from
polyspermy contains too many chromosomes, and is not
viable, i.e. it does not develop. Fertilisation is seen as time
0 in a period of gestation (pregnancy) and has five stages
(below). After fertilisation, the zygote begins its development,
i.e. its growth and differentiation into a multicellular organism.

\

Egg plasma

membrane
Egg nucleus (N)

Perivitelline space

Sperm nucleus (N)
o~ 0

5. Zygote formation

The haploid nuclei fuse,
forming a diploid zygote.

Egg cytoplasm

Cortical granules

Vitelline layer

1. Briefly describe the significant events and their importance at each of the following stages of fertilisation:

(a) Capacitation:

(b) The acrosome reaction:

(c) Fusion of egg and sperm plasma membranes:

(d) The cortical reaction:

(e) Fusion of egg and sperm nuclei:

2. Why is it important that fertilisation of the egg by more than one sperm (polyspermy) does not occur?
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pellucida . L ] ® 3 ':_

The first division : L e
of the zygote / y

produces two cells. Morula

The blastocyst, a hollow ball of
cells, embeds into the uterine
wall, using enzymes to digest
and penetrate the lining.

The uterine lining provides
nourishment for the embryo
until the placenta develops.

The placenta develops
from the fetal membranes
and maternal uterine lining.

The yolk sac is small in
humans but provides
more nourishment in
some animals.

Umbilical cord

The fluid-filled

amniotic sac .
encloses the =
embryo in the -

iotic fluid. =
Five week old embryo amniotic fluid

3. (a) Explain why the egg cell, when released from the ovary, is termed a secondary oocyte:

After three days

Early growth and development

Cleavage, and the development of the morula

Immediately after fertilisation, rapid cell division takes
place. These early cell divisions are called cleavage and
they increase the number of cells, but not the size of the
zygote. The first cleavage is completed after 36 hours, and
each succeeding division takes less time. After 3 days,
successive cleavages have produced a solid mass of cells
called the morula (left), which is still about the same size
as the original zygote.

Implantation of the blastocyst (after 6-8 days)

After several days in the uterus, the morula develops into
the blastocyst. It makes contact with the uterine lining

and pushes deeply into it, ensuring a close maternal-fetal
contact. Blood vessels provide early nourishment as they
are opened up by enzymes secreted by the blastocyst. The
embryo produces HCG (human chorionic gonadotropin),
which prevents degeneration of the corpus luteum and
signals that the woman is pregnant.

The embryo at 5-8 weeks

Five weeks after fertilisation, the embryo is only 4-5

mm long, but already the central nervous system has
developed and the heart is beating. The embryonic
membranes have formed; the amnion encloses the embryo
in a fluid-filled space, and the allanto-chorion forms the
fetal portion of the placenta. From two months the embryo
is called a fetus. It is still small (30-40 mm long), but the
limbs are well formed and the bones are beginning to
harden. The face has a flat, rather featureless appearance
with the eyes far apart. Fetal movements have begun and
brain development proceeds rapidly. The placenta is well
developed, although not fully functional until 12 weeks. The
umbilical cord, containing the fetal umbilical arteries and
vein, connects fetus and mother.

(b) At which stage is its meiotic division completed?

4. What contribution do the sperm and egg cell make to each of the following:

(a) The nucleus of the zygote? Sperm contribution:

(b) The cytoplasm of the zygote? Sperm contribution:

Egg contribution:

Egg contribution:

5. What is meant by cleavage? Explain its significance to the early development of the embryo:

6. (a) What is the importance of implantation to the early nourishment of the embryo?

(b) What is the purpose of HCG production by the embryo?

7. Why is the fetus particularly prone to damage from drugs towards the end of the first trimester (2-3 months)?
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Key Idea: Hormones secreted during pregnancy maintain the
pregnancy and prepare the body for birth.

In a non-pregnant adult human female, the levels of oestrogen
and progesterone regulate the secretion of the pituitary
hormones that control the ovarian cycle. Pregnancy interrupts

HCG (Human chorionic gonadotropin)
e Secreted by the developing embryo

e Maintains corpus luteum

Progesterone
¢ Maintains endometrium

¢ Inhibits uterine contraction

Oestrogens
e Maintain endometrium

e Prepare mammary glands for lactation
e High levels induce labour

Human placental lactogen (HPL)
e  Stimulates breast growth and development

Relaxin
e Produced by the placenta towards the end
of the pregnancy

¢ Relaxes pubic symphysis at birth
* Helps dilate cervix at birth

Corpus luteum
maintains pregnancy
for the first 3 months

the pregnancy

The Hormones of Pregnancy

this cycle and maintains the corpus luteum and the placenta
as endocrine organs, with the specific role of maintaining
the developing fetus during its development. During the last
month of pregnancy, the hormone, oxytocin induces the
uterine contractions that will expel the baby from the uterus.

HCG from the
embryo maintains —3>» Secretion
the corpus luteum » Action

Hormones from the placenta maintain
the pregnancy from the 3 months
onwards and prepare the breasts for
lactation. Increasingly through
pregnancy the placenta also secretes
HCS (human chorionic somatotropin)
which benefits fetal growth.

Hormonal changes during pregnancy, birth, and lactation

Progesterone maintains the lining
of the uterus early in pregnancy
and the placenta once it develops. It
also prepares the mammary glands
for lactation and inhibits labour.

Progesterone from
corpus luteum

Progesterone
from placenta

Hormones in the blood (arbitrary level)

Oestrogen maintains
uterine lining and
prepares mammary
glands for lactation

High progesterone in
pregnancy inhibits
prolactin secretion

Oxytocin stimulates
contraction of the uterus "

.
.

lining during labour o
.

i

,+" Prolactin from
.*" the anterior
pituitary starts
and maintains
milk secretion

Oestrogen peak
sensitises uterus
and induces labour

I
Time (weeks) 30

T
50

Fertilisation Pregnancy

» During the first 12-16 weeks of pregnancy, the corpus luteum
secretes enough progesterone to maintain the uterine lining and
sustain the developing embryo. After this, the placenta takes
over as the primary endocrine organ of pregnancy. Progesterone
and oestrogen from the placenta maintain the uterine lining, stop
further ova (eggs) developing, and prepare the breast tissue for
lactation (milk production).

> At the end of pregnancy, the placenta begins to break down and
progesterone levels fall. The uterus becomes sensitive to the high

R

Labour and birth Lactation

oestrogen levels, triggering labour to start. The oestrogen peak
coincides with an increase in oxytocin, which stimulates uterine
contractions in a positive feedback loop: the contractions and
the increasing pressure on the cervix from the infant stimulate
release of more oxytocin and more contractions, until the infant
exits the birth canal.

D After birth, the secretion of prolactin increases. Prolactin
maintains lactation during the period of infant nursing.

1. (a) Why is the corpus luteum the main source of progesterone in early pregnancy?

(b) What hormones are responsible for maintaining pregnancy?

2. (a) Name two hormones involved in labour (onset of the birth process):

(b) Describe two physiological factors in initiating labour:
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Birth and Lactation

Key Idea: Birth and lactation are both controlled by hormones
and involve positive feedback.

A human pregnancy lasts about 38 weeks after fertilisation.
It ends in labour, the birth of the baby, and expulsion of
the placenta. During pregnancy, progesterone maintains
the placenta and inhibits contraction of the uterus. At the
end of a pregnancy, increasing oestrogen induces labour.

Prostaglandins, an ageing placenta, and the state of the fetus
itself also play a role. At the same time, the hormone, oxytocin
stimulates the contractions of the uterus that will expel the
baby. After birth, the mother provides nutrition for the infant
through lactation (milk production). Breast milk nourishes
infants for the first 4-6 months of life. It also contains maternal
antibodies, which protect the infant against infection.

Hormonal regulation of birth

Pituitary =———————- Oxytocin

Promotes T

Promotes

Oestriol

Placenta

Fetus

(an oestrogen)

Inhibits

Uterine
contractions
Inhibits

Inhibits Promotes

Progesterone

> Prostaglandin

» During the nine months of pregnancy, the placenta produces progesterone which inhibits uterine contractions. At the end of the
pregnancy, the breakdown of the placenta results in a fall in the level of progesterone.

» The oxytocin produced by the placenta is then able to promote the production of oxytocin which promotes uterine contractions

and begins the birth process.

» The fetus also begins to produce prostaglandin which further promotes uterine contractions. Uterine contractions produce a

feedback loop that ends with the birth of the baby (below).

Positive feedback loop and birth

» Childbirth involves a positive
feedback loop under hormonal
control. A positive feedback loop
reinforces a detected change.

» During childbirth, stretching of the
cervix by the fetus triggers the
release of hormones that enhance
the birthing process by causing
the contraction of the muscles
lining the uterus.

Oxytocin causes

1. (a) Which hormone is responsible for triggering the onset of labour?

(b) What two other factors might influence the timing of labour onset?

smooth muscle lining
the uterus to contract.

Baby pushes
against cervix.

Loop is ended
when baby is born.

Stretching of cervix causes
nerve impulses to be sent
to the posterior pituitary.

Posterior pituitary
releases oxytocin.

2. Which two hormones inhibit progesterone?

3. What causes the end of the birth feedback loop?
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. Which hormone inhibits prolactin secretion during pregnancy?

Lactation and its control

> Lactation is the production and release of milk from
mammary glands. After birth, levels of the hormone,
prolactin increase sharply. Prolactin stimulates milk
production in the alveoli, found within the lobules (right).

»  Suckling maintains prolactin secretion and causes the
release of oxytocin. Oxytocin induces the milk ducts to
contract, resulting in milk release.

» The more an infant suckles, the more these hormones are
produced. This is another example of positive feedback.

Stimulus to
pituitary gland
(circled)

It is essential to establish breast feeding soon after birth, as
this is when infants exhibit the strong reflexes that enable
them to learn to suckle effectively. The first formed milk,
colostrum, has very little sugar, virtually no fat, and is rich
in maternal antibodies. Breast milk that is produced later
has a higher fat content, and its composition varies as the
nutritional needs of the infant change, during growth.

For each of the following processes, state the primary controlling hormone and its site of production:

(a) Uterine contraction during labour: Hormone: Site of production:
(b) Production of milk: Hormone: Site of production:
(c) Milk ejection in response to suckling: Hormone: Site of production:

Describe two benefits of breast feeding to the health of the infant:

(a)

(b)

(a) Describe the nutritional differences between the first formed milk (colostrum) and the milk that is produced later:

(b) Suggest a reason for these differences:

. Why would the nutritional composition of breast milk change during the lactation period from birth to six months?

Infants exhibit marked growth spurts at six weeks and three months of age. At these times, their energy intake
requirements also increase sharply. With reference to what you know about the control of lactation, how could a breast-
feeding mother continue to provide for the increased energy requirements of her infant?
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Key Idea: The manipulation of reproduction in agriculture is
an important technique for improving herd productivity.

Selective breeding is an important part of agriculture.
Breeding males and females with specific characteristics
produce desirable offspring that may have finer wool or
increased milk production. Artificial insemination is used
to quickly propagate useful characteristics across herds and

Artificial insemination

Artificial insemination is common in the
production of quality dairy cattle. Sires are
chosen based on desirable characteristics
such as production of quality offspring.

Cloning via embryo splitting

St Australia

Livestock is selected for cloning on the basis
of desirable qualities such as wool, meat, or
milk productivity.

the blastocyst stage.

Stages in embryo splitting The cloning|process

(forming the twin)
begins here.

Zona pellucida: a
coating that promotes
normal cell division.

Zona pellucida

Egg cells are
removed from an
animal and fertilised
in a petri dish.

At the first stage of
development, one of
these fertilised eggs
divides in two.

Breeding cows are inseminated. Semen
from one sire can be used to inseminate
sometimes thousands of cows without the
bull having to travel to multiple farms.

Cloned embryos immediately prior to
implantation into a surrogate. These are at

Artificial zona

_ pellucida ~_ _

The zona pellucida
is removed with an
enzyme and the two
cells are separated.

Manipulating Reproduction in Agriculture

is commonly used in cattle breeding. Embryo splitting is
a technique by which cloned embryos are produced in the
lab by splitting the embryo early in its development. The
embryos are then implanted into surrogate mothers. Both
techniques have their limits, as the physical characteristics of
the offspring can never be completely predicted.

Sander van der Wel CC 2.0

By doing this, farmers can continually
improve their stock quality and produce
desired traits in offspring, such as lower
methane production.

Dr David Wells, AgResearch

The individuals produced by embryo splitting
are identical to each but differ from the
parents in the same way that twins do.

An artificial zona
is added, allowing
development to
proceed.

The cells continue to divide,
forming genetically identical
embryos. These are
implanted into surrogates.

1. Why is artificial insemination commonly used in the agricultural sector, especially in the dairy industry?
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Improving livestock quality and production

» Improving milk yield in cattle has been an important aim of the dairy industry for decades. Since the 1960s, the University of Minnesota
has maintained a Holstein cattle herd in which there has been no selection. They also maintain a herd that was selected for increased

milk production between 1965 and 1985.

> This makes it possible to easily compare the effects of artificial insemination and selective breeding on dairy cattle over the years.

Gain in genetic merit of milk yield

/

Selection of sires with
the desirable traits
is critical to breeding
programs in dairy cattle.

Genetic merit of milk yield

1t
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Birth year

"""""" UMN control cows
—— US average
—— UMN selection cows

Milk production in the University of Minnesota (UMN) herd subjected
to selective breeding increased in line with the US average
production. In real terms, milk production per cow, per milking
season, increased by 3740kg since 1964. The herd with no selection
remained effectively constant for milk production.

2. Why does embryo splitting not produce clones of the parents?

Daughter pregnancy rate

Fertility in Holstein cows
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Birth year

----------- UMN control cows
—— US average
——— UMN selection cows

Along with increased milk production there has been a
distinct decrease in fertility. The fertility of the University of
Minnesota (UMN) herd that was not subjected to selection
remained constant, while the fertility of the herd selected for
milk production decreased with the US fertility average.

3. (a) Describe the relationship between milk yield and fertility in Holstein cows:

(b) What does this suggest about where the genes for milk production and fertility are carried?

(c) What limits might this place on maximum milk yield?

agriculture. Write a brief summary below:

As a class, discuss what ethical concerns there may be around the use of artificial selection and artificial insemination in

NEAE
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Grafting

Key Idea: Grafting is the joining of the tissues of one plantto  suite of characteristics quickly, without needing to breed
the tissues of another (usually a variety of the same species).  those features into a new variety. Plant breeders can focus
Grafting is an important horticultural technique. It allows two ~ on producing a plant which has a good rootstock without
or more different plants to be joined so that the combined  worrying about the fruit or leaves and vice versa. The superior
plant has characteristics not fully present in either parent fruiting plant can be grafted on to the superior rootstock,
plant. Grafting is a way to produce a plant with a desirable  producing a plant with features of both.

Grafting Multiple graftings

Grafting involves joining structures from two or more plants, Multiple grafts can be made on to a single rootstock. A large tree
usually varieties of the same species. Typically a twig section can have virtually every branch grafted. Many people like to grow
(scion) from one plant is joined to the shoot of another fruit trees but do not have the room to grow more than one or two.
(rootstock). Grafting is a very common technique in the It is now possible to buy fruit trees with two, three, four, or more
production of fruit and landscape trees. fruit types grafted onto the one plant. Grafting more than one plant

variety together can also help pollination because many plants are
not self fertile and need a pollinating plant nearby.

This apple tree
has been grafted
to produce two
varieties. On

the left, is a red
skinned variety,

Root stock

A scion is prepared by The graft is covered in

taking a cutting. The scion wax to prevent infection i, vyhereas the

is then grafted to another and held together with - right branches

plant (rootstock). twine or raffia. “2 produce a green
s3]

skinned variety.

Grafting process

/%
1 4 = / ¥

A scion is removed from the Scion being grafted onto the The graft is sealed and covered to The graft is then labelled for

parent plant prior to grafting. stem of the rootstock. prevent water loss and infection.  future reference and monitoring.

1. What is grafting?

2. Explain the difference between the scion and the rootstock:

3. Explain how grafting can be used to produce plants with dual qualities:

4. Explain why the grafting of multiple plant types can be useful:

©2022 BIOZONE International
ISBN: 978-1-98-856655-9
Photocopying Prohibited

47



48

Micropropagation

Key ldea: Micropropagation is the propagation of multiple
clones from one piece of plant tissue.

Micropropagation, by plant tissue culture, is a method used
for cloning plants. It is widely used for fast production of
large numbers of commercially important plant varieties with
superior genotypes. It is also used in recovery programmes
for endangered plant species. Micropropagation is possible

The process of micropropagation

\¥ \¥

An explant (in this case an axial
bud) is removed from a disease-
free stock plant. Explants are
commonly taken from cotyledons,
axial buds, or roots.

>,
\\*‘..t

Radiata pine clones.

Micropropagation is extensively used in
the forestry industry in many countries to
produce uniform trees for timber.

Explant tissue is cultured in a sterile
nutrient medium until a callus forms.
The callus is transferred to another
test tube containing growth hormones,
and shoots are encouraged to grow.

“—‘Callus

Micropropagation is useful for quickly
propagating genetically engineered
plants, using material taken from a callus,

because differentiated plant cells have the potential to
give rise to all the cells of an adult plant (a property called
totipotency). Micropopagation has many advantages over
traditional methods of plant propagation but is very labour
intensive. Its success is affected by factors such as the
composition of the culture medium, selection of the original
parent material, hormone levels, lighting, and temperature.

Callus
(undifferentiated
cell mass)

LR e
Be ¢ s em

Growth medium

Shoots develop from the callus and begin to
photosynthesise. The new shoots are removed
from the callus and placed in individual culture
media. The process is repeated every few weeks
so that one explant will give rise to many plants.

4 > 2 A Y
Banana plants, which are sterile, are

produced by micropropagation, as they
cannot be grown from seed.

containing genetically engineered material.

1. What is the general purpose of micropropagation?

2. (a) Explain what a callus is:

(b) How can a callus be stimulated to initiate root and shoot formation?

3. Describe some advantages and disadvantages of micropropagation:
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Key ldea: The use of cloning in horticulture has produced
limited genetic diversity in some common fruit varieties.

Cloning has been used in horticulture for many hundreds of
years. Many of the most commonly eaten fruits, including
apples, oranges, grapes, and bananas are clones, produced
by the propagation of one or two varieties for hundreds, or
even thousands, of years. The cloning of fruit varieties has
been extraordinarily successful in the mass production and

Cloning and horticulture:

»

Imagine you were walking through an orchard and found a fruit
tree seedling that had been missed by the orchardist's mowing
and spraying machines. You dig it up and plant it at home.
When it fruits, you find it produces the best tasting, longest
lasting fruit of its type ever.

Wanting to capitalise on your discovery, you plant the seeds
from one of the fruits, but they do not germinate. Closer
inspection of seeds from other fruit on the tree finds the seeds
never fully form. The tree cannot be regrown from seed; it is a
one-off chance event, and sterile.

However, there is another way to produce more of this unique
fruit tree — cloning it, using cuttings and grafting. Some cuttings
are grown directly into trees, others are grafted on to the
rootstock of another variety of the fruit. Soon, thousands of
new trees are produced and distributed to orchards. Within a
few years, your new fruit variety is the dominant one grown
worldwide. Within decades it is virtually the only fruit of that
type grown.

Then disaster strikes. The fruit is susceptible to a soil

fungus found in a country different from the variety's origin.
Unknowingly, the fungus has been spread worldwide in
orchard equipment. Within a year of discovering the fungus,
half of the trees are failing. Within two years, three quarters of
the fruit trees worldwide are dead. Another year, and it is no
longer economical to even plant the variety as the plants never
reach maturity. Meanwhile, as a result of the fruit's dominance,
nothing is left to replace it. For years, there is a massive
shortage of the fruit, until older varieties can be re-established.

Sound fictional? It has happened at least once and may not be
far from happening again.

Why can't crops such as bananas and navel oranges be grown from seed?

Case Study: Cloning in Horticulture

distribution of plants and fruits. However, it has also created
some problems. Many ancient varieties of fruit have been
lost in the move to mass produce a small number of cultivars.
Also, as many millions of plants are clones, they all have the
same vulnerabilities, e.g. to disease. This makes it extremely
important to preserve older plant varieties and maintain the
genetic diversity necessary to produce vigorous, disease
resistant varieties in the future.

AN L ] o

Issastense st

iSSsrasSenny pees
The Gros Michel (Big Mike) banana, now commercially extinct.
Its physical properties (thick skin and dense bunches) made it
ideal for export and it had a high concentration of the ester used
for the 'banana’ food flavouring. Vast areas of banana plantations
succumbed to a fungus and exports stopped in the 1960s.

Why are Granny Smith apples not produced from seed?

How do bananas illustrate the vulnerability of these crops?

Bananas are cultivated using micropropagation. What are some disadvantages of micropropagation for a vulnerable food

plant like the banana?
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There are many varieties of banana. All
commercial bananas are descendents of
the two banana species Musa acuminata
and M. balbisiana. The most common
banana, the Cavendish, is a triploid (three
sets of chromosomes) variant of the banana
species Musa acuminata. This makes it
sterile. All the Cavendish plants worldwide
are clones. The Cavendish replaced the
Gros Michel, which was devastated by
Panama disease, around the 1950s. The
Cavendish is now being badly affected by a
new strain of the disease and scientists are
trying to find, or develop, a variety to replace
the Cavendish, should the need arise.

Cavendish banana Young Cavendish clones under cultivation
“ 5 e/ = N The Granny Smith apple originated in

\ Eastwood, New South Wales, around 1870.
It is named after its discoverer, Maria Ann
Smith, who also originally propagated it.
How exactly she found the original tree is
unclear, but it may have come from a variety
of crab apple. The Granny Smith became
extremely popular during WWII due to its
long shelf life, making it easy to export. It is
not grown commercially from seed as the
fruit produced varies and is usually very tart/
sour in taste. As a result, all the trees are
clones, directly related to the original tree
in Eastwood. It is still in the top twenty most
popular apples in the USA.

Granny Smith variety Granny Smith graft

= In 1820, a mutation was found in an orange
tree in Bahia, Brazil. The mutant tree
produced a sweet, seedless fruit with an
undeveloped fruit near the base, giving the
characteristic 'navel'. Cuttings were grafted
onto citrus root stock and new plants were
grown. The new plants were taken to the
United States and grown in California. The
fruit was received well by orchardists and is
now the single most popular orange variety
in the world. However, because it is seedless,
all the plants are clones grown by grafting
onto root stock. Since its discovery, there
have been a few new mutations that have
produced new varieties of navel orange.

- Other new fruit varieties arising as a result

The popular seedless navel orange Navel orange tree grafted on to rootstock of chance mutation are nectarines (from

peaches), and red Anjou pears.

5. Occasionally, banana plants under cultivation will produce a 'sport'. This is a branch arising from a chance mutation that
has different characteristics to the parent (e.g. in leaves or fruit).

(a) Explain how this sport could be propagated to produce a new variety of banana:

(b) How could this help towards ensuring the continued availability of bananas?

(c) In what other crop plants has mutation helped to produce new varieties?
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Chapter Review: Did You Get It?

1. (a) What method of asexual reproduction is depicted in the diagram (right) and what does it involve?

(b) How is this process different from fission, in eukaryotic organisms?

(c) How is it different from budding?

2. Distinguish between grafting, and taking cuttings from plants:

3. Explain why the grafting of multiple plant types can be useful:

4. Explain how micropropagation is used in the production of new plants, and list its advantages and disadvantages:

5. (a) Describe an advantage of sexual reproduction, compared to asexual reproduction:

(b) Describe a disadvantage of sexual reproduction, compared to asexual reproduction:

6. Describe the benefits and costs of the internal fertilisation and development of the offspring (within the mother):
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Key terms

chromosome
crossing over
cytokinesis
diploid

DNA

DNA polymerase
gene

haploid
independent assortment
interphase
meiosis

mitosis

mutation

nucleic acid
nucleotide

RNA

semi-conservative
replication
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Cell Replication

Inquiry question: How important is it for genetic material to be replicated exactly?

Cell division

Key skills and knowledge

1 Describe the various roles of cell division in the life cycles of different organisms,
including reproduction, growth, and repair and replacement of tissues. Compare and
contrast mitotic cell division and meiotic cell division.

2 Describe the cell cycle in eukaryotes, including reference to DNA replication (S),
growth (G, and G,), and mitosis (M phase).

3 Describe and explain cytokinesis in both plant cells and animal cells.

4 Describe and model the events in each of the main stages of mitosis: prophase,
metaphase, anaphase, and telophase.

5 Modelling mitosis

6 Describe the events in each of the main stages of meiosis: prophase I, metaphase |,
anaphase |, telophase |, and prophase |l, metaphase Il, anaphase II, telophase II.

7 Explain the importance of crossing over in meiosis in producing variation in gametes.
Model the processes of meiosis including homologous chromosomes, crossing over,
production of gametes, and fertilisation.

8 Modelling meiosis using ice-block sticks
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DNA replication

Activity
number

36 37

38

39
40

41
42

42 43

Key skills and knowledge

9 Describe the structure of DNA and explain how its structure provides a mechanism for
self-replication. Include reference to the base-pairing rule, the anti-parallel strands, and
the role of hydrogen bonding between purines and pyrimidines.

10 Describe the structure of the three types of RNA (mMRNA, tRNA, and rRNA) and their
functional roles in cellular activities. Compare and contrast RNA and DNA.

11 Investigate the nature of DNA by making a DNA extraction.
12 Create a model of DNA to demonstrate the base pairing rule.
13 Analyse the evidence for the structure of DNA.

14 Model Meselson and Stahl's investigation into the semi-conservative replication of
DNA based on the Watson and Crick model of DNA.

15 Explain the importance of mitosis and meiosis on the continuity of species.

44 49

45

46
47
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Key Idea: Mitotic cell division has three primary functions:
growth of the organism, replacement of damaged or old cells,
and, in some organisms, asexual reproduction.

Mitotic cell division produces daughter cells that are
genetically identical to the parent cell. It has three purposes:
growth, repair, and reproduction. Multicellular organisms

B Why Cells Need to Divide

grow from a single fertilised cell into a mature organism
that may consist of several thousand to several trillion cells.
Repair occurs by replacing damaged and old cells with new
cells. Some unicellular eukaryotes such as yeasts, and some
multicellular organisms, e.g. Hydra, reproduce asexually by
mitotic division.

Asexual reproduction

Some simple eukaryotic organisms
reproduce asexually by cell division.
Yeasts, such as baker's yeast, can
reproduce by budding. The parent

cell buds to form a daughter cell (right)
which eventually separates from the
parent cell. Prokaryotes divide by
binary fission, a different but
superficially similar process.

Daughter
cell

Adult

Embryo

g T

T

Growth

Multicellular organisms develop from a single fertilised egg cell (zygote)
and grow by increasing the number of cells. Cells complete a cycle in
which the cell copies its DNA, and then divides to produce two identical
cells. During the period of growth, the rate of cell production is higher
than the rate of cell deaths. Organisms, such as the 12 day old mouse
embryo (above, centre), grow by increasing their total cell number and
the cells become specialised as part of development.

Cell growth is highly regulated. Once the mouse reaches its adult size
(above, right), physical growth stops and the number of cell deaths
equals the number of new cells produced.

Damaged
limbs.
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Jpbarrass

Repair of damaged tissues

Mitotic cell division is responsible for the repair and replacement of damaged cells

in multicellular organisms. When you break a bone or graze your skin, new cells are
generated to repair the damage. Some organisms, like the sea star (above right), are
able to generate new limbs if they are broken off.

Bill Rhodes

~

1. Use examples to explain the role of cell division in:

(a) Growth of an organism:

(b) Replacement of damaged cells:

(c) Asexual reproduction:
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Wounded!
» The photos below show a wound soon after it occurred, 12 days later, and 21 days later.

All photos Jpbarrass

1 day after 12 days after 21 days after

2. (a) Looking at the images above, which part of the wound appears to heal first?

(b) Suggest what is happening to the growth and division rate of the skin cells during the time the wound is healing:

3. The data below relates to the healing of the wound on the hand shown above. It shows the approximate area of the
unhealed region of the wound over time:

Time (days) Area unhealed (mm?)

0.02 350
0.66 350
1 340
2 252
12 171
13 135
17 72
18 64
21 16
30 0

(a) Plot the data on the grid provided:

(b) Describe the trend in the wound size as shown by
the data:

4. What type of cell division produces the skin cells to heal the wound above? Comment on the genetic make up of the
cells:
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Cell Division

Key Idea: There are two types of cell division in eukaryotes,
mitosis and meiosis, but only meiosis produces cells that are
genetically different to the parent cell.

New cells are formed when existing cells divide. There are
two forms of cell division in eukaryotes, mitosis and meiosis.

37

The 2N (diploid) number refers
to the cells each having two
whole sets of chromosomes. For
a normal human embryo, all cells
will have a 2N number of 46.

Female
embryo

2N Meiosis

>
Many mitotic
divisions

Mitotic division is
responsible for growth
of body cells (somatic
growth) to the adult size.

Fusion of the sperm and
the egg in fertilisation
produces a diploid
zygote. This cell will give
rise to a new individual
through growth and
differentiation.

Male
embryo
2N

Many mitotic

divisions

Meiosis

Egg 1N

Mitosis produces two identical daughter cells from a parent
cell. Meiosis is a special type of cell division, it produces sex
cells (gametes or spores) for sexual reproduction. In sexual
reproduction, sex cells from two parents combine to form a
new individual that is genetically different to its parents.

Gametes are produced by
meiosis; a special division which
reduces the chromosome number
to half that of a somatic cell. The
1N (haploid) number indicates a
single set of chromosomes.

Many mitotic divisions give rise to the
adult. Mitosis continues throughout life
for cell replacement and repair of tissues.
e.g. blood cells are replaced at a rate of
two million per second, and a layer of
skin cells is constantly lost and replaced
about every 28 days.

Zygote 2N

Embryo 2N

Adult

»

Mitosis

—>
Mitosis

Cell division and the life cycle of
an organism

The sex cells in humans, called eggs and
sperm, are produced by meiosis. Events
occurring during meiosis creates gametes
with unique combinations of gene variants
and so creates genetic variability.

Sexual reproduction rearranges and
reshuffles the genetic material into new
combinations. This is why family members
may look similar but they'll never be
identical (except for identical twins).

Mitosis produces genetically identical
cells. This characteristic allows the body
to produce cells to heal itself when it is
damaged and is also responsible for the
production of the cells required for growth.

1. (a) Where does mitosis take place in animals?

(b) Describe the roles of mitosis in the human body:

(c) In mitosis, the daughter cells are genetically different from the parent cell. True or False?

2. (a) Where does meiosis take place in animals?

(b) What is the purpose of meiosis?

(c) In meiosis, the sex cells are genetically different to the parent cell. True or False?
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Mitosis and meiosis have quite different purposes and genetic outcomes.

Mitosis is the simpler process and produces two identical daughter cells from each parent cell. It is responsible for growth and
repair in multicellular organisms and reproduction in single-celled and asexual eukaryotes.

Meiosis involves a reduction division in which haploid gametes are produced for the purposes of sexual reproduction.

Mitosis Meiosis
2N 2N Genetic material can [=
be exchanged between -g
Homologous chromosomes in meiosis | S
chromosomes S
line up in pairs -
(bivalents) at the Y / A S
equatorial plate Q »\ /3 g
- °
s o
/ \ Cell division =
2
Homologous [T
chromosomes line o
up at the equatorial §

plate

()
I

division\ / \%H diViSiT”‘/ \

A MN= ONA LN

Explain how mitosis conserves chromosome number, while meiosis reduces the number from diploid to haploid:
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Describe a fundamental difference between the first and second divisions of meiosis:

How does meiosis introduce genetic variability into gametes and offspring following gamete fusion in fertilisation?

If the DNA in a chromatid was affected by a mutation in a cell about to undergo meiosis, what is the probability of a
daughter cell being affected by the mutation?
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Key Idea: The eukaryotic cell cycle can be divided into
phases, although the process is continuous. Specific cellular
events occur in each phase.

The life cycle of a eukaryotic cell is called the cell cycle.
The cell cycle can be divided into interphase and M phase.
Aspects of the cell cycle can vary enormously between cells
of the same organism. For example, intestinal cells divide

First gap phase (G,):

Cell increases in size and
makes the mRNA and proteins
needed for DNA replication.

Interphase

Cells spend most of their time in interphase.
Interphase is divided into three stages:

b The first gap phase (G,)
» The S-phase (S)
> The second gap phase (Gy)

During interphase the cell increases in size,
carries out its normal activities, and replicates its
DNA in preparation for cell division. Interphase is
not a stage in mitosis.

Mitosis and cytokinesis (M-phase)

Mitosis and cytokinesis occur during M-phase.
During mitosis, the cell nucleus (containing the
replicated DNA) divides into two equal parts.
Cytokinesis occurs at the end of M-phase. During
cytokinesis the cell cytoplasm divides and two
new daughter cells are produced.

Cytokinesis:
Cytoplasm divides and
the two cells separate. It
is distinct from mitosis.

The Eukaryotic Cell Cycle

around twice a day, while cells in the liver divide once a year,
and those in muscle tissue do not divide at all. However,
if any of these tissues is damaged, cell division increases
rapidly until the damage is repaired. This variety of length in
the cell cycle can be explained by the existence of regulatory
mechanisms that are able to slow down or speed up the cell
cycle in response to changing conditions.

S (synthesis) phase:
DNA replication. The
chromosomes are duplicated.

Interphase
S
DNA replication
G2
G continued growth
main r10wth and preparation
phgs . for cell division
&
& Mitosis
nuclear division
M phase
Mitosis: Second gap phase (G,):
Nuclear Rapid cell growth and
division. protein synthesis. Cell

prepares for mitosis.

During interphase, the cell grows and
acquires the materials needed to undergo
mitosis. It also prepares the nuclear
material for separation by replicating it.

During interphase the nuclear material
is unwound. As mitosis approaches, the
nuclear material begins to reorganise in
readiness for nuclear division.

SRS,

During mitosis the chromosomes are
separated. Mitosis is a highly organised
process and the cell must pass checkpoints
before it proceeds to the next phase.

1. Briefly outline what occurs during the following phases of the cell cycle:

(a) Interphase:

(b) Mitosis:

(c) Cytokinesis:
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Key Idea: Mitosis is part of the cell cycle in which an existing
cell (the parent cell) divides into two (the daughter cells).

Mitosis refers to the separation (division) of the nuclear
material and it precedes division of the cell. There is no
change of chromosome number and the daughter cells
are identical to the parent cell. Although mitosis is part of

Interphase

Interphase refers to events
between mitoses. The

cell replicates the nuclear
material ready for mitosis.

Nucleolus

Centrosome

Nucleus (forms spindle)

Nuclear membrane

Cytokinesis
Division of the cytoplasm.
When cytokinesis is
complete, there are two
separate daughter cells, each
identical to the parent cell.
e Telophase

Two new nuclei form. A
furrow forms across the
midline of the parent cell,
pinching it in two.

Late anaphase

Other spindle fibres
lengthen, pushing the
poles apart and causing
the cell to elongate.

1. What is the purpose of mitosis?

The cell cycle and stages of mitosis in an animal cell

v to chromatids shorten by
disassembly of the microtubular

Mitosis and Cytokinesis

a continuous cell cycle, it is divided into stages (prophase,
metaphase, anaphase, and telophase) to help distinguish the
processes involved. Mitosis is one of the shortest stages of
the cell cycle. Cytokinesis (the division of the newly formed
cells) is part of M-phase but it is distinct from nuclear division.
During cytokinesis the cell divides into two.

Early prophase 0

Chromatin condenses into

distinct chromosomes.

Nucleolus disappears.

Microtubular spindle fibres i
start to form.

Centrosomes move
to opposite poles

Nucleolus
has gone

Late prophase
(Prometaphase)

Chromosomes appear as two
chromatids held together at

the centromere. The spindle
grows and some fibres start to
‘capture' chromosomes. The
nuclear membrane breaks down,
releasing the chromosomes.

/4
Homologous pair of
replicated chromosomes

Metaphase

Some spindle fibres organize
the chromosomes on the
equator of the cell. The fibres
attach at the centromere. Some
spindle fibres span the cell.

Spindle fibres attached

proteins. Sister chromatids move
to opposite ends of the cells.

2. What must occur before mitosis takes place?

3. (a) What is the purpose of the spindle fibres?

(b) Where do the spindle fibres originate?
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Cytokinesis (division of the cytoplasm)

Animal cells: Cytokinesis (below left) begins shortly after the sister chromatids have separated in anaphase of mitosis. A ring
of microtubules assembles in the middle of the cell, next to the plasma membrane, constricting it to form a cleavage furrow. In
an energy-using process, the cleavage furrow moves inwards, forming a region where the two cells will separate.

Plant cells (below right): Cytokinesis involves construction of a cell plate, a precursor of the new cell wall, in the middle of the

cell. The cell wall materials are delivered by vesicles derived from the Golgi. The vesicles join together to become the plasma
membranes of the new cell surfaces.

dsworth Center- New York State Department of Health

Constrictionrby ; X
| microtubules : : _ 1 w x A
: g r\_\. 4 K -~ \ b 3 Sy
Plant (onion) cells' ;¥ &y O S -
| 2 3 P\' 14 &
.0 - - B
Cleavage furrow Two cells
Cell plate Closure Two cells
forming of plate
Cytokinesis in an animal cell Cytokinesis in a plant cell

4. Summarise what happens in each of the following phases:

(a) Prophase:

(b) Metaphase:

(c) Anaphase:

(d) Telophase:

5. (a) What is the purpose of cytokinesis?

(b) Describe the differences between cytokinesis in an animal cell and a plant cell:
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Recognising Stages in Mitosis

Key Idea: The stages of mitosis can be recognised by the stages (prophase, metaphase, anaphase, and telophase)
organisation of the cell and chromosomes. to more easily describe the processes occurring during its
Although mitosis is a continuous process it is divided into four ~ progression.

The mitotic index 14+
The mitotic index measures the ratio of cells in mitosis 12 L The growing tip of a root has a high mitotic
to the number of cells counted. It is a measure of cell index. Further from the root, cell division is
proliferation and can be used to diagnose cancer because 510 + reduced and the mitotic index is lower.
cancerous cells divide very quickly. In areas of high cell 3;
growth the mitotic index is high, such as in plant apical 3 8+
meristems or the growing tips of plant roots. The mitotic E 6 -+
index can be calculated using the formula below: 3
S 4+
Mitotic index = _umber of cells in mitosis 2 -
Total number of cells 0 | | | |
0.0 0.5 1.0 1.5 2.0

Distance from root cap (mm)

1. Use the information in the previous activity to identify which stage of mitosis is shown in each of the photographs below:

(@) (b) (©) (d)

2. (a) The light micrograph (right) shows a section of cells Onion root tip cells
in an onion root tip. These cells have a cell cycle of
approximately 24 hours. The cells can be seen to be in
various stages of the cell cycle. By counting the number
of cells in the various stages it is possible to calculate
how long the cell spends in each stage of the cycle.
Count and record the number of cells in the image that
are in mitosis and those that are in interphase. Cells in
cytokinesis can be recorded as in interphase. Estimate
the amount of time a cell spends in each phase.

Stage No. of cells % of total Estimated

cells time in stage
Interphase
Mitosis
Total 100

(b) Use your counts from 2(a) to calculate the mitotic index
for this section of cells.

3. What would you expect to happen to the mitotic index of
a population of cells that loses the ability to divide as they
mature?
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LY Modelling Mitosis

Key Idea: Using pipe cleaners to model the stages of mitosis  model stages of mitosis in an animal cell. For simplicity, it is
will help you to visualise and understand the process. easiest to start with 4 chromosomes (2N = 4).
Modelling clay or pipe cleaners and string can be used to

H Investigation 2.1 Modelling mitosis

See appendix for equipment list.
You can work in pairs for this activity if you wish.

1. Use the information on the previous pages to model mitosis in an animal cell using pipe cleaners and string.
Work in pairs and use four chromosomes for simplicity (2N = 4). Photograph or film each stage.

2. Photo 1 (below) can be used as a starting point for your model. It represents a cell in interphase before
mitosis begins. The circular structures are the replicated centrosomes.

3. Before you start, identify the structures A-C in photo

A: B: @:

4. Remember fo label your photos as you place them on the page.

Photo 1
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'yl Meiosis

Key Idea: Meiosis is a special type of cell division. It produces
sex cells (gametes) for the purpose of sexual reproduction.

Meiosis involves a single chromosomal duplication followed
by two successive nuclear divisions, and results in halving
of the diploid chromosome number. Meiosis occurs in the
sex organs of animals and the sporangia of plants. If genetic
mistakes (gene and chromosome mutations) occur here,

What are homologous
chromosomes?

they will be passed on to the offspring, i.e. they will be
inherited. Meiosis creates genetic variation in the sex cells
through crossing over and independent assortment. Crossing
over refers to the mutual exchange of pieces of chromosome,
and their genes, between homologous chromosomes. In
independent assortment, homologous chromosomes are
randomly distributed to the gametes.

When a cell is not dividing (interphase) the
chromosomes are not visible, but the DNA is
being replicated. The cell shown in the diagram

Paternal
chromosome

A pair of chromosomes with Interphase

the same gene sequence. 2N
One comes from the mother

(maternal) and one comes Maternal
from the father (paternal). chromosome
Prophase |

Spindle
apparatus forms.
Meiosis | (reduction division)

The first division separates the
homologous chromosomes into
two intermediate cells.

(left) is 2N, where N is the number of copies of
chromosomes in the nucleus. N = one copy of each
chromosome (haploid). 2N = two copies of each
chromosome (diploid).

Meiosis starts here

Homologous chromosomes pair up: Prior to cell
division, the chromosomes condense into visible
structures. Replicated chromosomes appear as two
sister chromatids held together at the centromere.
Homologous chromosomes pair up (synapsis).
Crossing over between non-sister chromatids may
occur at this time. This makes the sister chromatids
different from one another in their allele combinations.

Independent assortment: Homologous pairs

line up in the middle of the cell independently of

Metaphase | each other. This results in paternal and maternal
; chromosomes assorting independently into the
E' 0] gametes. The centromere does not dissociate so
. the sister chromatids remain together.
[=]s7
Anaphase | Homologous pairs separate, pulled
apart by the spindle fibres.
Telophase |
Intermediate
cells .
Prophase Il Spindle apparatus
L o forms. Chromosomes

Meiosis Il (mitotic division) migrate towards the

The second division is merely a metaphase plate.

mitotic one in nature, where the

chromatids are pulled apart, but the

number of chromosomes remains the

same. This allows large numbers of
Metaphase I gametes to be produced. Chromosomes

line up on the
metaphase plate.

Anaphase I Centromere divides

Separate gametes
are produced.

Telophase Il

and sister chromatids
(now individual
chromosomes) are
separated.
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Crossing over and recombination

Chromosomes replicate during interphase, before meiosis, to produce replicated chromosomes, with sister chromatids held
together at the centromere (see below). When the replicated chromosomes are paired during the first stage of meiosis, non-sister
chromatids may become entangled and segments may be exchanged in a process called crossing over. Crossing over results in
the recombination of alleles (variations of the same gene) producing greater variation in the offspring than would otherwise occur.

No crossing Crossing Recombined
over over chromosomes

Sister
chromatids ) Recombined
Non-S|st_er chromatids
chromatids
Centromere >

Non-sister
chromatids

Possible gametes with no crossing over Possible gametes with crossing over

Independent assortment

Independent assortment is the

random alignment and distribution

of chromosomes during meiosis.
Independent assortment is an important
mechanism for producing variation

in gametes. During the first stage

of meiosis, replicated homologous
chromosomes pair up along the middle
of the cell. The way the chromosomes
pair up is random. For the homologous
chromosomes (right), there are two
possible ways in which they can line up
resulting in four different combinations in
the gametes. The intermediate steps of
meiosis have been left out for simplicity.

1. Describe the behaviour of the chromosomes in the first, and then the second division in meiosis:

2. How does independent assortment increase the variation in gametes?

3. (a) What is crossing over?

(b) How does crossing over increase the variation in the gametes, and hence the offspring?
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Modelling Meiosis

Key Idea: We can simulate crossing over, gamete production,
and the inheritance of alleles during meiosis using ice-block
sticks to represent chromosomes.

This practical activity simulates the production of gametes
(sperm and eggs) by meiosis and shows you how crossing

over increases genetic variability. This is demonstrated by
studying how two of your own alleles are inherited by the
‘child' produced at the completion of the activity. Completing
this activity will help you to visualise and understand some of
the important aspects of events in meiosis.

0, . . P .
F 1 ég Investigation 2.2 Modelling meiosis using ice-block sticks

See appendix for equipment list.

To study the effect of crossing over on genetic variation,
you will work in pairs to simulate the inheritance of two
of your own traits: ability to tongue roll and handedness.
This activity will take 25-45 minutes.

Record your phenotype and genotype for each trait in the
table (right). If you have a dominant trait, you will not know
if you are heterozygous or homozygous for that trait, so you
can choose either genotype.

Before you start the simulation, partner up with a classmate.
Your gametes will combine with theirs (fertilisation) at the
end of the activity to produce a 'child’. Decide who will be
female, and who will be male. You will need to work with this
person again at step 7.

Collect four ice-block sticks. These represent four
chromosomes. Colour two sticks blue or mark them with a P.
These are the paternal chromosomes. The plain sticks are the
maternal chromosomes. Write your initials on each of the four
sticks. Label each chromosome with its number. Label four
sticky dots with the alleles to describe your phenotype and
stick each onto the appropriate chromosome. In the example
shown, the person is heterozygous for fongue rolling so
sticky dots with alleles T and t are placed on chromosome 10.
The person is also left handed, so alleles r and r are placed
on chromosome 2 (right).

Randomly drop the chromosomes onto a table. This represents
a cell in either the testes or ovaries.

Duplicate your chromosomes by adding four more identical
ice-block sticks to the table (right).
What are you simulating with this action?

Simulate the first stage of meiosis by lining the duplicated
chromosome pair with their homologous pair (below). For each

Chromosome
number

Phenotype

Genotype

10

Tongue roller

TT, Tt

10

Non-tongue roller

t

2

Right handed

RR, Rr

2

Left handed

rr

Step 1

Trait

Phenotype

Genotype

Handedness

Tongue rolling

Step 2

chromosome number, you will have four sticks touching side-by-

side (A, below).

At this stage crossing over occurs. Simulate this by swapping
sticky dots from adjoining homologues (B, below).

Step 4
(A)

(N

0

@)
=D

O Q0

D
®

OlONN0

QP

OP)

LB|lLB||LB|lLB|  |LBJ||LB|LB|LB LB|lLB||LB|[LB|  |LB||LB|LB|LB
wWwwy @22 wWwwlo EGE\2\2)

0

LB

10
L

©

LB

Y

LB

&/
L |

Homologous

pair

Step 3

Homologous
pair

Clogs

2 I

Your
genotype

@_ Your initials

Chromosome
number

7
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6. Randomly align the homologous chromosome pairs to simulate alignment across the cell's centre (equator) (as occurs

in the next phase of meiosis). Simulate the separation of the chromosome pairs.

For each group of four sticks, two are pulled to each pole (end) of the cell.

\
()
()
N2

D

LB||LB
Y

LB||LB

0

)

7. Two intermediate cells are formed. If you have completed step 5 correctly, each intermediate cell will be haploid

LB||LB
10
V2
e B

LB|/LB

D

(©

9

(®

LB||LB

ALY

e
@&

LB||LB

()

D)

¢
¢

(B

LB||LB

LB||LB

(half the diploid chromosome number shown in step 3) with a mixture of maternal and paternal chromosomes. This
is the end of the first division of meiosis. Your cells now need tfo divide for a second time. Repeat steps 4 and 5
but this time there is no crossing over and you are now separating replicated chromosomes, not homologues. At

the end of this process each intermediate cell will have produced two haploid gametes. Each will have a maternal

chromosome (white) and a paternal chromosome (blue) (below).

Step 6

Intermediate cells

8. Pair up with the partner you chose at the beginning of the exercise to carry out fertilisation. Randomly select one
sperm and one egg cell. The unsuccessful gametes can be removed from the table. Combine the chromosomes of

the successful gametes. You have created a child! Fill in the following chart to describe your child's genotype and

phenotype for tongue rolling and handedness.
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Nucleotides

Key Idea: Nucleotides make up nucleic acids. A nucleotide is
made up of a base, a sugar, and a phosphate group.

Nucleotides are the building blocks of DNA and RNA, the
nucleic acids that are involved in the transmission of inherited
information. Nucleotide derivatives, such as ATP and GTP,
are involved in energy transfers in cells. A nucleotide has

44

Phosphate OH

Phosphate groups are represented I
by orange circles. With the pentose HO— P— OH
sugar they form the 'backbone' of

|
the DNA or RNA molecule. (o]

Phosphate group

(phosphoric acid): links
neighbouring sugars in
a nucleic acid.

Base: One of five types
possible. The base

carries the coded genetic
message in a nucleic acid.

Sugar: One of two types: ribose
in RNA and deoxyribose in DNA.

™

three components: a base, a sugar, and a phosphate group.
Nucleotides may contain one of five bases. The combination
of bases in the nucleotides making up DNA or RNA stores
the information controlling the cell's activity. The bases in
DNA are the same as RNA except that thymine (T) in DNA is
replaced with uracil (U) in RNA.

Pyrimidines
o) CH, NH, o) H
H—N \>—H N/ \;—H H—N N\ H
>—N >——N >7
0 A 0 X 3 \y
Thymine Cytosine Uracil

Pyrimidines are single ringed bases. DNA contains
the pyrimidines cytosine (C) and thymine (T). RNA
contains the pyrimidines cytosine and uracil (U).

H Purines

|
H\(N ”\/N NH,
\ N N/ N
N >NH H’ N
7 N:ﬁ
o
Guanine Adenine

Purines are double ringed bases. Both DNA and RNA
contain the purines adenine (A) and guanine (G).

CH,OH OH CH,OH OH
"% o Sugars 5'*" o
4 1 4 1
H /M H /M
3 2 3 2
OH H OH OH
Deoxyribose Ribose
Nucleotides contain one of two different sorts of sugars.
Deoxyribose sugar is found in DNA. Ribose sugar is found in RNA

Nucleotide derivatives
3 phosphate groups

Adenine

Ribose

l

ATP

2 phosphates

Condensation
(water removed)
_

Nucleotide formation
9@
H,0 "\'
H,0

In formation of a nucleotide, a phosphoric acid and a base are

chemically bonded to a sugar molecule by condensation reactions

in which water is given off. The reverse reaction is hydrolysis.

e

€D

Inorganic
phosphate

Adenine

ADP+ Pi

Ribose

ATP is a nucleotide derivative that provides
chemical energy for metabolism. It consists of an
adenine linked to a ribose sugar and 3 phosphate
groups. Energy is made available when a phosphate
group is transferred to a target molecule. Other
nucleoside triphosphates (NTPs) have similar roles.

1. List the nucleotide bases present:

(a) In DNA:

(b) In RNA:
2. Name the sugar present: (a) In DNA: (b) In RNA:
3. How can simple nucleotide units combine to store genetic information?
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Nucleic Acids

Key Idea: Nucleic acids are macromolecules made up of
long chains of nucleotides, which store and transmit genetic
information. DNA and RNA are nucleic acids.

DNA and RNA are nucleic acids involved in the transmission
of inherited information. Nucleic acids have the capacity
to store the information that controls cellular activity. The

central nucleic acid is called deoxyribonucleic acid (DNA).
Ribonucleic acids (RNA) are involved in the ‘reading’ of the
DNA information. All nucleic acids are made up of nucleotides
linked together to form chains or strands. The strands vary in
the sequence of the bases found on each nucleotide. It is this
sequence that provides the ‘genetic instructions’ for the cell.

Nucleotides are joined by condensation polymerisation

The carbon atoms on the pentose
sugar are numbered one to five.
During DNA replication (when
new DNA is made) nucleotides
are added to the 3' end (the third
carbon) of the existing nucleotide
chain. Therefore, DNA replication
occurs in a 5' to 3' direction.

2

°4
New nucleotides
added to this end.

RNA molecule

In RNA, uracil
replaces thymine in
the code.

Symbolic representation

A condensation reaction (left)
joins two molecules together
with the loss of a water molecule.
In the formation of nucleic

acids, nucleotides are joined
together into polymers through a
condensation reaction between
the phosphate group of one
nucleotide and the sugar of
another. Water is released and a
phosphodiester bond is formed.
Because of the way they are
formed, nucleic acids are called
condensation polymers.

Phosphodiester bond

DNA molecule b;

Deoxyribose
sugar

Hydrogen

»» bonds hold the
= two strands
together.

Only certain
bases can pair.

Space filling model

Ribonucleic acid (RNA) is made up of a single strand
of nucleotides linked together. Although it is single
stranded, it is often found folded back on itself, with
complementary bases joined by hydrogen bonds.

Deoxyribonucleic acid (DNA) is made up of a double strand of nucleotides
linked together. It is shown unwound in the symbolic representation (above
left). The DNA molecule takes on a double helix shape as shown in the
space filling model above right.

Double-stranded DNA

The double-helix structure of DNA is like a ladder twisted into
a corkscrew shape around its longitudinal axis. It is ‘unwound’
here to show the relationships between the bases.

» The DNA backbone is made up of alternating phosphate
and sugar molecules, giving the DNA molecule an
asymmetrical structure.

The asymmetrical structure gives a DNA strand direction.
Each strand runs in the opposite direction to the other.

The ends of a DNA strand are labelled the 5' (five prime)
and 3' (three prime) ends. The 5' end has a terminal
phosphate group (off carbon 5), the 3' end has a terminal
hydroxy! group (off carbon 3).

The way the pairs of bases come together to form

hydrogen bonds is determined by the number of bonds
they can form and the configuration of the bases.
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RNAs are involved in decoding the genetic information in DNA, as messenger RNA (mRNA), transfer RNA (tRNA), and ribosomal
RNA (rRNA). RNA is also involved in modifying mRNA after transcription and in regulating translation.

RNAs contain self-
complementary sequences
that allow parts of the RNA to
pair with itself to form short
helices joined by H bonds.

Messenger RNA (above) is transcribed Transfer RNA (above) carries amino acids Ribosomal RNA (above) forms
(written) from DNA. It carries a copy of to the growing polypeptide chain. One end of ribosomes from two separate ribosomal
the genetic instructions from the DNA to the tRNA carries the genetic code in a three- components (the large and small
ribosomes in the cytoplasm, where it is nucleotide sequence called the anticodon. subunits) and assembles amino acids
translated into a polypeptide chain. The amino acid links to the 3' end of the tRNA. into a polypeptide chain.

1. (a) In double-stranded DNA, bases in one strand always pair up with specific bases in the complementary strand. This is
called the base-pairing rule. Use the previous diagrams to describe the base-pairing rule in double-stranded DNA:

(b) How is the base-pairing rule for RNA different?

(c) What is the purpose of the hydrogen bonds in double-stranded DNA?

2. Briefly describe the roles of RNA:

3. (a) If you wanted to use a radioactive or fluorescent tag to label only the RNA in a cell and not the DNA, what
molecule(s) would you label?

(b) If you wanted to use a radioactive or fluorescent tag to label only the DNA in a cell and not the RNA, what
molecule(s) would you label?

4. (a) Why do the DNA strands have an asymmetrical structure?

(b) What are the differences between the 5' and 3' ends of a DNA strand?

5. Complete the following table summarising the differences between DNA and RNA molecules:

DNA RNA

Sugar present

Bases present

Number of strands

Relative length
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Key Idea: Strands of DNA can be extracted from any cells,
but those with large amounts of DNA and large chromosomes
produce the best results.

In a lab, scientists usually use extraction kits to separate
DNA from cells. These will contain all the parts needed to
accurately remove the DNA, but in general they are all based
on the same technique. This includes breaking open the

i’. D Investigation 2.3 Extracting DNA

See appendix for equipment list.

Work in pairs for this activity.

1. Take 5-6 strawberries and place them in a large zip-lock bag. Squash
the strawberries into a smooth paste. This mechanically breaks up the

cells, but does not release the DNA.

2. To release the DNA add 100 mL of water, 5 mL of detergent, and a
pinch of salt to the paste. Reseal the bag and mix the contents by
squashing and crumpling the bag. The detergent breaks down the
cellular membranes and deactivates DNases, which would chop up the
DNA. The salt helps to remove the proteins bound to the DNA and
keeps them in solution. Positive ions in the salt also neutralise the

negative charge of the DNA.

3. Place a piece of filter paper in a funnel and position the funnel so
the excess fluid can drain into a beaker. Pour the contents of the bag
into the filter funnel and allow it to drain. It should produce a clear

reddish solution (right).

4. Gently add the ethanol on top of the strawberry solution by placing
a clean glass rod into the beaker and carefully pouring the ethanol
down the rod. Add ethanol until there are equal volumes of strawberry

solution and ethanol.

5. Ethanol removes the water from around the DNA so it precipitates
where the ethanol and the solution meet, forming whitish glue-like
strands. Low temperatures speed up the precipitation and limit DNase

activity.

6. The DNA strands can be centrifuged with ethanol to isolate the DNA

as a pellet.

1. In the extraction and isolation of DNA:
(a) Why is it necessary to disrupt the cellular membranes?

(b) Why does the DNA precipitate out in ethanol?

E What Does DNA Look Like?

cells, precipitating the DNA, and removing contaminants. In
a classroom, DNA is easily extracted by precipitating it out of
solution using ice cold ethanol. It is good to use strawberries
for this method because they are octaploid (have 8 sets of
chromosomes) and their colour makes it easy to see the
precipitating DNA. However, other fruits and vegetables such
as kiwifruit, bananas, and broccoli can also be used.

‘Yaminchhipa10 CC 4.0

(c) For a DNA extraction, why is it helpful that strawberries are octaploid?

(d) Why is salt added?

(e) What is the purpose of the filter funnel?

2. In a DNA extraction, student A obtained DNA in long threads, whereas student B obtained DNA that appeared fluffy.
Account for the differences in these two results, and suggest what student B might have done incorrectly:
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Creating a DNA Model

Key Idea: Nucleotides pair according to the base pairing rule.
There are ten base pairs per turn of the DNA double helix.

DNA is made up of structures called nucleotides. Two primary
factors control the way in which these nucleotide building
blocks are linked together: 1) the available space within the
DNA double helix and 2) the hydrogen-bonding capability

DID YoU KNOw?

of the bases. These factors cause the nucleotides to join
together in a predictable way, referred to as the base pairing
rule. The strands of the DNA are antiparallel (they run in
opposite directions) and there are 10 base pairs per 360°
turn of the helix. The activity below will guide you through
constructing a three dimensional model of DNA.

Chargaff's rules DNA base pairing rule

Before Watson and Crick described the structure

of DNA, an Austrian chemist called Chargaff Adenine alwavs pairs with Thymine A <> T
analysed the base composition of DNA from a ysp v

number of organisms. He found that the base . . . i

composition varies between species but that Thymine always pairs with Adenine T <A
within a species the percentage of A and T bases

are equal and the percentage of G and C bases Cytosine always pairs with Guanine C «—> G
are equal. Validation of Chargaff's rules was the

basis of Watson and Crick's base pairs in the . S .

DNA double helix model. Guanine always pairs with Cytosine G «—>C

See appendix for equipment list.

Investigation 2.4 Creating a model of a DNA molecule

Work in pairs for this activity. Template
) Complementary strand

1. Cut out the opposite page. Cut out the template strand. Dark strand
black lines should be cut. Make a slight fold on the red dashed ] ]
lines so that the grey surfaces are facing (a valley fold). Do not | Cytosine (C) | Guanine (G)
cut around the grey representations of hydrogen bonds on each Guanine (6) | (a)
base. These are o show you where you will join your bases. e

2. Cut out the complementary strand. The first base (G) is in Thymine (T) | (b)
position as a guide. Fold on the red dashed line so that the Adenine (A) | ()
blue surfaces are facing each other.
. . - . Thymine (T) | (d)

3. Fill in the table (right) to help you place the remaining bases in
the correct order (a)-(i) on the complementary strand: Adenine (A) (e)

4. Cut out the bases and slot them into the slots on the Thymine (T) | (f)
complementary strand using the order in the table above. Use )
short lengths of tape to fix them in position. Make sure the Thymine (T) | (g)
blue surFqces are facing and the base is in the same orientation Cytosine (C) | (h)
as the guide (G).

5. Line up the first base pairs (C and G) and stick them fogether Guanine (6) | (i)
with tape. The tape takes the place of the hydrogen bonds
holding the strands fogether. Note that the bases are facing in
opposite directions.

6. Continue sticking base pairs fogether, working your way around
the helix, to complete the DNA molecule.

7. Together, or in groups, search online for at least three

different representations of a DNA molecule. Evaluate your
model against these representations. How are they similar? How
are they different? If you wish, attach pictures of the DNA
representations you selected to this page.

1. Describe your model in terms of the other representations you looked at. What are its strengths and deficiencies?

o8[S~

©2022 BIOZONE International

ISBN: 978-1-98-856655-9
Photocopying Prohibited




i
A S Q
2, S N\ Q
i K7 §Fs v
%, S = N

%, & R

%, N

Y N\

T ) Template (T
« strand

W

v, ",

Complementary
strand

o
5S¢
y¢

©2022 BIOZONE International
ISBN: 978-1-98-856655-9
Photocopying Prohibited



The page has been deliberately left blank

©2022 BIOZONE International
ISBN: 978-1-98-856655-9
Photocopying Prohibited



The Evidence for DNA Structure

Key Idea: Many scientists contributed to the discovery of
DNA's structure. Once the structure of DNA was known, it
immediately suggested a mechanism for its replication.

DNA is easily extracted and isolated from cells. This was first
done in 1869, but it took the work of many scientists working

48

in different areas many years to determine DNA's structure. In
particular, four scientists, Watson, Crick, Franklin, and Wilkins
are recognised as having made significant contributions in
determining the structure of DNA. Once the structure of DNA
was known, scientists could determine how it was replicated.

Discovering the structure of DNA ...
a story of collaboration and friction

Although Watson and Crick are often credited with
discovering DNA's structure,the contributions of
many scientists were important. This includes not
only the contributions from scientists at the time,
but also from earlier researchers whose findings
contributed to the body of existing knowledge.

Personal conflicts and internal politics probably
prevented DNA's structure being determined
earlier. Professional friction between Rosalind
Franklin and Maurice Wilkins meant that they
worked independently of each other. Watson and
Crick analysed some of Rosalind Franklin's results,
notably '‘photo 51', without her knowledge or
consent and Watson himself recalls that he tended
to dismiss her. Photo 51 was crucial to Watson and
Crick's model because it showed that DNA was a
double helix. Only later did he acknowledge her
considerable contribution.

Franklin was conservative by nature and opposed
to prematurely building theoretical models until
there was enough data to guide the model
building. However, when she saw Watson and
Crick's model, she readily accepted it. Despite her
contribution, Franklin did not receive the Nobel
prize, which cannot be awarded posthumously.

IMAGE: A. Barrington-Brown, © Gonville and Caius College, Cambridge / Coloured by Science Photo Library

\ —10 "
James Watson (left) and Francis Crick (right) in 1953 with their DNA model.

Late 1940s

Linus Pauling
determined by x-ray
crystallography that
proteins have a
helical structure.

1951

Rosalind Franklin studied the structure of DNA
using x-ray crystallography at King's College.
Maurice Wilkins, also at King's College, was
also using x-ray crystallography to study DNA.
Wilkins and Franklin did not get on well.

30 January 1953

Wilkins shows Watson and Crick the
‘photo 51" without Franklin's approval
or knowledge. It provided the structural
information they needed to finalise their
model, completed on 7 March 1953.

16 April 1958
Franklin dies at
age 37 of ovarian
cancer. She was
never nominated
for a Nobel Prize.

1949
Chargaff’s rules
are announced:

1951
James Watson and Francis Crick build their
first DNA model - a three stranded helix, with

1962
Watson, Crick, and
Wilkins win the Nobel

May 1952
Franklin produces 'photo 51,
showing DNA is a helix. She

DNA contains equal
proportions of bases
Aand T and G and C.

bases to the outside and phosphate groups to
the inside. Franklin points out that their model
is incorrect and is not consistent with the data.

was working on a less hydrated
form of DNA and did not return
to the photo again until 1953.

Prize in Physiology or
Medicine. Franklin was
not acknowledged.

1. As a class, work together to produce a timeline of the events leading to the discovery of DNA's structure. In small
groups, choose one event or researcher and explain its/their significance. You can use the information presented in
this activity, as well as any information provided on BIOZONE's Resource Hub. Take a photograph of your completed
timeline and attach it to this page. How much was the discovery of DNA's structure a collaboration between scientists
working in related fields? Were Watson and Crick wrong to use information they did not have permission to use? How
much did their less cautious approach accelerate the determination of DNA's structure? Attach any extra notes or
comments to this page.
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Key Idea: Semi-conservative DNA replication produces two
identical copies of DNA, each containing half original material
and half new material.

Before a cell can divide, it must double its DNA. It does this
by a process called DNA replication. This process ensures
that each resulting cell receives a complete set of genetic

Step 1
Unwinding the DNA molecule E=EE
For most of the cell cycle, chromosomes & o

consist of unreplicated DNA molecules.
Before cell division, each long molecule of
double stranded DNA must be replicated.

For this to happen, it is first untwisted and
separated (unzipped) at high speed at

its replication fork by an enzyme called
helicase. Another enzyme relieves the
strain that this generates by cutting,
winding and rejoining the DNA strands.

Free nucleotides are
used to construct
the new DNA strand.

Step 2
Making new DNA strands

The formation of new DNA is carried
out mostly by an enzyme complex
called DNA polymerase.

DNA polymerase catalyses the
condensation reaction that joins
adjacent nucleotides. The strand is
synthesised in a 5' to 3' direction,

with the polymerase moving 3' to 5'
along the strand it is reading. Thus

the nucleotides are assembled in a
continuous fashion on one strand but
in short fragments on the other strand.
These fragments are later joined by an
enzyme to form one continuous length.

Step 3
Rewinding the DNA molecule

Each of the two new double-helix DNA
molecules has one strand of the original

Temporary break allows
the strand to swivel.

How Does DNA Replicate?

instructions from the parent cell. After the DNA has replicated,
each chromosome is made up of two chromatids joined at
the centromere. The two chromatids will become separated
during cell division to form separate chromosomes. During
DNA replication, nucleotides are added at the replication fork.
Enzymes are responsible for all of the key events.

3 5'
Single-armed
chromosome as found
in a non-dividing cell.

Helicase at the
replication fork.

DNA (dark grey and white) and one
strand that is newly synthesised (blue).
The two DNA molecules rewind into their
double-helix shape again.

\

DNA replication is semi-conservative, 3
with each new double helix containing
one old (parent) strand and one newly
synthesised (daughter) strand. The new
chromosome has twice as much DNA as
a non-replicated chromosome. The two
chromatids will become separated in the
cell division process to form two separate
chromosomes.

Each newly
formed DNA
molecule creates
a chromatid.

Centromere 3' 5'

The two new strands of DNA
coil into a double helix.

Replicated chromosome
ready for cell division.
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1. What is the purpose of DNA replication?

2. Summarise the three main steps involved in DNA replication:

(@)

(b)

(©)

3. For a cell with 22 chromosomes, state how many chromatids would exist, following DNA replication:
4. What percentage of DNA in each daughter cell is new, and what percentage is original?

5. What does it mean when we say DNA replication is semi-conservative?

6. How are the new strands of DNA lengthened during replication?

7. What rule ensures that the two new DNA strands are identical to the original strand?

8. Why does one strand of DNA need to be copied in short fragments?

9. Match the statements in the table below to form complete sentences, then put the sentences in order to make a

coherent paragraph about DNA replication and its role:

The enzymes also proofread the DNA during replication...
DNA replication is the process by which the DNA molecule...
Replication is tightly controlled...

After replication, the chromosome...

DNA replication...

The chromatids separate...

A chromatid contains half original ...

Write the complete paragraph here:

...Is required before mitosis or meiosis can occur.
...by enzymes.

...to correct any mistakes.

...and half new DNA.

...during mitosis.

...Is copied to produce two identical DNA strands.
...is made up of two chromatids.
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Key Idea: Meselson and Stahl devised an experiment that
showed DNA replication is semi-conservative.

Three models were proposed to explain how DNA replicated.
Watson and Crick proposed the semi-conservative model
in which each DNA strand served as a template, forming a
new DNA molecule that was half old and half new DNA. The
conservative model proposed that the original DNA served as
a complete template so that the resulting DNA was completely
new. The dispersive model proposed that the two new DNA
molecules had part new and part old DNA interspersed
throughout them. In 1958 two scientists, Matthew Meselson
and Franklin Stahl, carried out an experiment that showed
how DNA replicates. Meselson and Stahl grew bacteria in

Meselson and Stahl's experiment

o

15N solution

Modelling DNA Replication

a solution containing a heavy nitrogen isotope ('>N) until
their DNA contained only '®N. The superscript number = the
nitrogen mass. The bacteria were then placed into a growth
solution containing the nitrogen isotope ('#N), which is lighter
than 15N. After a set number of generation times, the DNA
was extracted and centrifuged in a solution that provides
a density gradient. Heavy DNA (containing only '°N) sinks
to the bottom, light DNA (containing only '*N) rises to the
top, and intermediate DNA (one light and one heavy strand)
settles in the middle. In this activity, you will model the
Meselson and Stahl experiment and determine the mode of
DNA replication by comparing your results to the results of
Meselson and Stahl.

Extracted DNA

e Sample

14N solution

(NH,CI) ONA
Excess *N extraction
in solution CsCl

solution

E. coliwere grown in a nutrient solution
containing '5N. After 14 generations all the
bacterial DNA contained '5N. A sample
was removed. This was generation 0.

Generation 0 was added to a solution with
excess N (as NH,ClI). During replication, new
DNA would incorporate '*N and be 'lighter'
than the original DNA (which had only '5N).

o

Extracted DNA in
CsCl solution

\

&l

Samples were spun in a high
speed ultracentrifuge at 140,000
g for 20 hours. Heavier 15N DNA
moved closer to the bottom of the
test tube than light "N DNA or
14N/ 15N intermediate DNA.

Generation 0 1 2

4

N7

All the DNA in the generation 0 sample moved to the
bottom of the test tube. All the DNA in the generation
1 sample moved to an intermediate position. At
generation 2, half the DNA was at the intermediate
position and half was near the top of the test tube. In
subsequent generations, more DNA was near the top

and less was in the intermediate position.

1. Describe each of the DNA replication models:

(a) Conservative:

Each generation (~ 20 minutes), a sample was

taken and treated to release the DNA. The DNA
was placed in a CsCl solution which provided a
density gradient for separating the DNA.

Models for DNA replication

- —
_;
)
Semi-
Conservative  conservative  Dispersive

(b) Semi-conservative:

(c) Dispersive:

Lsa
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2. In this part of the activity you will model the semi-conservative Conservative Semi-conservative

model of DNA replication. 1(a) and (d (i)) are done for you: § § §§§§
NS \/\/

(b) In the space below (centre) (Generation 1), split the § §

(a) The DNA model below represents the DNA of the bacteria
after growing in the solution containing the heavy nitrogen
(Generation 0). The relative mass of the DNA can be
modelled by adding together the nitrogen masses.

OO

DNA from Generation 0 along its centre, then write in the

complementary base pairs to form two DNA strands (i and

ii). This represents the DNA after it has been grown in the

solution containing N for one generation. f f

(c) In the space below (right) (Generation 2) split the two DNA
chains along their centres, then write the complementary

base pairs to form four new DNA strands (i, ii, iii, and iv). 0
This represents the DNA after it has been growing in the Generation
solution containing the '#N for two generations.
mmmmm DNA containing 5N mmmmm DNA containing "N
Generation 0 Generation 1 Generation 2

&
o
[
&
©
T

o
g'e

i iii iv

15G 150

(d) Mass of nitrogen in DNA strand, Generation 0:  i: 50

Mass of nitrogen in DNA strands, Generation 1: i ii:

Mass of nitrogen in DNA strands, Generation 2: i ii:

iiiiz iv:
(e) On the test tubes (right), mark Mass N Mass N Mass N

a bar representing the mass of A — N7

each of the DNA strands from (a),

(b), and (). -+ 135 — 135 — 135
-—140 140 140
—145 —145 —145
— 150 — 150 — 150
— 155 — 155 — 155

Generation 0 Generation 1 Generation 2
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3. In this part of the activity you will model the conservative model of DNA replication:

(a) The DNA model below represents the DNA of the bacteria after it has grown in the solution containing the heavy
nitrogen (Generation 0). The relative mass of the DNA can be modelled by adding together the nitrogen masses.

(b) In the box below (centre), recreate the original DNA strand. Beside it, create a matching strand with bases using the
light nitrogen. This represents the DNA after it has been replicated in the solution with the 1N for one generation.

(c) In the space below (right), recreate the original DNA strand and the first generation strand. Beside these, create
matching strands with bases using the #N. This represents the DNA after it has been growing in the solution
containing the #N for two generations.

Generation 0 Generation 1 Generation 2

&
(@)
I}
&
(@)
TII

:
:

ii i ii iii iv

15G 150

(d) Mass of nitrogen in DNA strand, Generation 0: i

Mass of nitrogen in DNA strands, Generation 1: i i

Mass of nitrogen in DNA strands, Generation 2: i i

iii: iv:
(e) On the appropriate test tubes Mass N Mass N Mass N

(right), mark a bar representing A A \

the mass of each of the DNA

strands from Generation O, _1 1 1

Generation 1, and Generation 2 135 135 135
—140 ——140 ——140
— 145 —145 —145
— 150 — 150 — 150
— 155 — 155 — 155

Generation 0 Generation 1 Generation 2

4. In their experiment, Meselson and Stahl obtained the following results: Generation 0 = 100% 'heavy DNA';
Generation 1= 100% 'intermediate DNA'; Generation 2 = 50% 'intermediate DNA', 50% 'light DNA'.

From the results of your two modelling exercises, decide which matches the result of Meselson and Stahl. How does
DNA replicate (conservatively or semi-conservatively)?
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Key lIdea: Genetic continuity ensures genetic information
is preserved across generations, both in new cells and
new organisms.

In asexually reproducing species, e.g. bacteria or yeast,
genetic information is preserved from generation to generation
by mitotic cell divisions. In sexually reproducing species,
meiotic cell division produces gametes which carry half the

Mitosis and continuity

» Mitosis produces cells with identical genetic
information. For multicellular organisms this is
important because it ensures that cells in the
organism have the same genetic information,
and that cells in a tissue, e.g. muscle tissue,
all grow and behave in the same way.

Cells maintain genetic ’ %
continuity by mitosis.

Meiosis and continuity

> If two cells of the same species unite to produce a new cell they will both add their full sets
of chromosomes to the newly formed cell. If this happens, the new cell will have twice the
original number of chromosomes, and so will behave differently to the original cells. Meiosis
is the process used by sexually reproducing organisms to produce gametes carrying one set
of chromosomes (half the genetic information of the original cell). This ensures that when the
gametes unite the correct number of chromosomes for the organism is restored.

Mutation and continuity

» Mutations cause changes in DNA. If the mutation occurs in a mitotically dividing
cell the daughter cells may behave differently to the parent cell. This could have
negative effects on an organism's tissues. For example cancer (right) occurs
when the DNA encoding the regulation of cell division has been mutated.

» Mutations that occur in gametes are passed onto the offspring. Mutations
produce new diversity between parents and offspring. Mutations that help
offspring survive and reproduce are retained; those that have negative effects
on the offspring are often not passed on. This helps the species evolve and
adapt to changes in the environment, with useful changes in DNA being

retained in the population.

» As useful mutations accumulate over generations, the species changes.

Cell Replication and the Continuity of Species

genetic information as one set of chromosomes, N. When the
male and female gametes unite, the full set of chromosomes
is restored, as 2N. This continuity of genetic information from
cell to cell and generation to generation ensures cells have
the genetic information they need to survive and remain
compatible with the all the cells in an organism, and with
members of the same species.

Sexually reproducing
species maintain genetic
continuity by meiosis.

Although the genetic lineage may be continuous over generations, daughter ~a

species many generations removed may have changed so much from
the original parent species that they would not be compatible if brought f

together again.

» Occasionally, mutations in the gametes may produce large changes in the DNA, »%
e.g. missing or duplicated chromosomes. In this case, the offspring may not w
survive, or become instantly incompatible with the rest of the species. This may

produce an instantaneous speciation event.

1. Explain how mitosis ensures genetic continuity between generations of cells:

P%
A
%, fl;,.

Over generations species change
as useful mutations accumulate

2. How does meiosis maintain genetic continuity between parents and offspring?

3. How do mutations allow a species to adapt over time while maintaining genetic continuity?
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1. State three reasons why cells divide:

Chapter Review: Did You Get It?

2. How many chromosomes are in the daughter cells after mitosis in cells with the following number of chromosomes:

(a) 22: (b) 48:

3. How many chromosomes are in the daughter cells after meiosis in cells with the following number of chromosomes:

(a) 22: (b) 48:

4. (a) Label the cell cycle (right) with the following labels: G, G,, M,
S, cytokinesis.

(b) Briefly describe what happens in each of the following phases:

G,

f‘g“ z
T T
o >
o 7
= m
z

G,

M phase:

S phase:

5. (a) Which base does the base thymine (T) pair with in DNA?

(b) Which base does the base cytosine (C) pair with in DNA?

6. In the boxes below draw and label a series of diagrams to illustrate how a strand of DNA replicates:

DNA unzips. Nucleotides are added to the
parent strands.

7. What effect does crossing over in meiosis have on the gametes produced?

The parent and daughter strands rewind
to form two new DNA strands.
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Key terms
allele

amino acid
anticodon
autosome
chromosome
codon
epigenetics
exon

gene
genome

genotype

homologous chromosomes

intron

phenotype

plasmid

polypeptide

primary structure
protein

quaternary structure
secondary structure
sex chromosome
tertiary structure
transcription
translation

DNA and
Polypeptide Synthesis

Inquiry question: Why is polypeptide synthesis important?

Chromosomes, genes and genomes
Key skills and knowledge

1 Distinguish between a genome, gene, and allele. State how the genome is measured
and describe the variation in genome size between different organisms.

2 Describe the basic structure of a prokaryote chromosome. Describe the structure and
explain the importance of plasmids in prokaryotes.

3 Investigate eukaryote chromosome structure using models and describe the basic
structure of a replicated chromosome as seen in metaphase of mitosis. Compare the
structure of eukaryotic and prokaryotic chromosomes.

Gene expression
Key skills and knowledge

4 Describe the relationship between the base sequence in mRNA and the order of the
amino acids in a polypeptide chain.

5 Describe the features of the genetic code. Use the genetic code to identify the amino
acid sequence produced by a specific DNA sequence.

6 Describe the steps involved in protein synthesis including transcription, RNA
processing (eukaryotic cells), and translation. Identify where in the cell each step
occurs. Assess the importance of mMRNA and tRNA in transcription and translation.

7 Investigate how gene expression influences phenotype and how investigation of the
genes being expressed can be used to treat disease, e.g. cancer.

Influence of environment on gene expression
Key skills and knowledge

8 Describe how genetic make-up (genotype), environmental factors, and epigenetic
factors contribute to produce the phenotype of an organism.

9 Use examples in both plants and animals to explain how the environment of an
organism during or after development can alter the expression of the genotype and
produce variable phenotypes. Investigate how phenotypes, including height and
weight, have continuous variation.

10 Measuring continuous variation

Protein structure and function
Key skills and knowledge

11 Explain how a polypeptide is synthesised from amino acid monomers. Explain how
the properties of amino acids determine how they interact and how these interactions
create the hierarchical levels of structure that produce a functional protein.

12 Separating amino acids.

13 Modelling protein structure

14 Explain how protein shape is related to function and compare the functional roles of

globular and fibrous proteins. Identify and describe the diverse roles of proteins making

up an organism's proteome.

15 Describe how proteins are modified after translation for different roles. Interpret

diagrams to explain how various organelles are involved in the packaging and export of

proteins from the cell.

Activity
number

53

54 55

56

57

58

59 - 61

62

63 64 67

65 66

66

68 70

69
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71-73

74



Key Idea: A genome is the entire haploid amount of genetic
material, including all the genes, of a cell or organism.
Eukaryotes can have different versions of a gene (alleles)
because they have two copies of each gene.

The genome refers to all the genetic material in one haploid
set of chromosomes. The genome contains all of the
information the organism needs to function and reproduce.

Genomes, Genes, and Alleles

Every cell in an individual has a complete copy of the
genome. Within the genome are sections of DNA, called
genes, which code for proteins. Collectively, genes determine
what an organism looks like (its traits). Eukaryotes have two
copies of each gene, one inherited from each parent, so it is
possible for one individual to have two different versions of a
gene. These different versions are called alleles.

The location and size of the genome varies between organisms

Protein coat

Human papillomavirus (virus)
Genome size Small
Number of genes Few

The viral genome is contained within
the virus's outer protein coat. Viral
genomes are typically small and
highly variable. They can consist of
single stranded or double stranded
DNA or RNA and contain only a
small number of genes.

The human papillomavirus (HPV)
genome is a double stranded circular
DNA molecule ~8000 bp long.

(pAro

In prokaryotes, most of the DNA is located
within a single circular chromosome, which
makes them haploid, i.e. having one allele, for
most genes. Many bacteria also have small
accessory chromosomes called plasmids,
which carry genes for special functions such as
antibiotic resistance and substrate metabolism.

The Agrobacterium genome (5.7 Mb long) is
unusual. It consists of a circular chromosome,
a linear chromosome, and two plasmids. Linear

-

karyote)

In eukaryotes, most of the DNA is located
inside the cell's nucleus. A small amount
exists in the chloroplasts (in plants) and

in mitochondria. The DNA is arranged into
linear chromosomes and most eukaryotes
are diploid, with two sets of chromosomes,
one from each parent.

The koala genome is ~3.37 Mb long in 8
chromosomes (the diploid number is 16).
This genome size is similar to humans.

chromosomes are very rare in bacteria.

Measuring genomes

Spikes on

protein coat

> Genome size is often expressed as the number of base pairs (bp).
The unit most often used to show the size of a genome is the
megabase (Mb). Note: 1 megabase = 1 million base pairs.

» The image on the right shows the $X174 bacteriophage, a virus
that infects bacterial cells. Its entire genome is only 5375 bp long
(0.005375 Mb) and it contains only nine genes, coding for nine
different proteins. At least 2000 times this amount of DNA would
be found in a single bacterial cell; 500,000 times that quantity
would be found in the genome of a single human cell.

Model of ¢pX174
bacteriophage

1. Define the following terms:

(a) Genome:

(b) Gene:

(c) Allele:

2. Describe the general trend for genome size and gene number for viruses, bacteria, and eukaryotic organisms:

3. Explain why an individual eukaryote can have different versions of a gene (allele) but viruses and bacteria do not:
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Key Idea: Prokaryotic DNA is packaged as a single circular
chromosome. Smaller plasmids may be included.

DNA is a universal carrier of genetic information, but it is
packaged differently in prokaryotic and eukaryotic cells. Unlike
eukaryotic chromosomes, the prokaryotic chromosome is not
enclosed in a nuclear membrane and is not associated with
protein. It is a single circular (rather than linear) molecule of

Prokaryotic Chromosomes

double stranded DNA, attached to the plasma membrane.
It is located in a nucleoid region which is in direct contact
with the cytoplasm. As well as the bacterial chromosome,
bacteria often contain small, circular, double-stranded DNA
molecules called plasmids. Plasmids are independent of the
main bacterial chromosome and usually contain 5-100 genes
that are not crucial to cell survival under normal conditions.

Single circular chromosome Plasmids occur in the
is attached to the plasma cytoplasm. Plasmids
membrane and not replicate independently

Proteins associated with the plasma
membrane carry out DNA replication
and segregate the chromosomes to

The prokaryotic genome

» In contrast to eukaryotes, prokaryotic

DNA consists almost entirely of
protein coding genes and their
regulatory sequences. It was the
study of prokaryotic genomes that
gave rise to the one gene-one
protein hypothesis, which still holds
true for bacteria.

» The chromosomal DNA is located in
a nucleoid region. It is not enclosed
in a membrane. The nucleoid may
take up as much as 20% of the cell's
volume in actively growing cells.

> Most bacteria have a single, circular
chromosome. This makes them
haploid for most genes, unless
copies are located on plasmids
(small, circular, auxiliary DNA
strands). Plasmids are generally
circular but can also exist as linear,
or supercoiled structures.

Linear DNA -

LTSt Y SR ot FS R RV S
Rt tR A AN PN

emNL CC 3.0

Plasmids vary in size from 1000 base pairs (bp) to hundreds of
thousands of base pairs. In bacteria, they play an important role in
providing extra genetic material, conferring extra properties such as
antibiotic resistance. Plasmids can be transferred between bacterial
cells in the process of plasmid transfer called conjugation (right).

the daughter cells in cell division.

associated with proteins. of the main chromosome.

Cytoplasm

[
£,
[=

Horizontal gene transfer via conjugation

Conjugative cell

Recipient O

Conjugation: Special conjugative (F) plasmids contain transfer genes,
which enable conjugation and the transfer of genetic information
between bacterial cells. Transfer occurs via a sex pilus, which briefly
connects the donor and the recipient. Conjugation provides another
route for acquiring genes, in addition to transfer via binary fission.

1. State three important ways in which prokaryotic chromosomes differ from eukaryotic chromosomes:

(@)

(b)

()

2. Explain the consequences to protein synthesis of the prokaryotic chromosome being free in the cytoplasm:

3. Most of the bacterial genome comprises protein coding genes and their regulatory sequences. What is the consequence
of this to the relative sizes of bacterial and eukaryotic genomes?
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Plasmid DNA

Key Idea: Plasmids play a special role in storing DNA in
prokaryotes. Plasmids can be exploited for gene manipulation.
Prokaryotes store most of their genetic information in one
large chromosome but a small proportion can commonly
be found as independently replicating, circular, extra-
chromosomal pieces of DNA known as plasmids. Plasmids

Features of a plasmid:
* Small in size (usually not

bigger than 1000-2000 kb)
* Form circular loops
* Extra-chromosomal
* Self replicating

bacterium

Introduce to

Genetically modified
organism, e.g. E. coli

may carry important genes, such as those for the production
of toxins that eliminate prokaryote competitors. Plasmids
are less common in eukaryotes but some species, such
as the yeast Saccharomyces, do have them. The genetic
material from viruses may form plasmid-like structures called
episomes once they have infected a cell.

Spliced gene for a
valuable protein

Grow in culture

Gene product, e.g. lactoferrin,
expressed in vat culture

The properties of plasmids enable them to be used as tools to introduce genetic material into organisms. A gene is spliced into a plasmid
and the plasmid is inserted into a recipient organism, e.g. a bacterium. The recipient will then produce the gene product as part of its normal
metabolism. This technique has enabled the industrial-scale production of valuable gene products, such as human proteins, from bacteria.

The make-up of plasmids

The Ti plasmid n _
Cytokinin production

(cell proliferation)

Auxin

production g ‘ . Kg/l::tﬁesis

Transfer DNA region
(integrated into host cell

Border of

genome) (20,000 bp) (25 bp)
Border of transfer
region (25 bp)
Catabolism of opines (used
as a nitrogen and energy
source by Agrobacterium)
. Origin of
Virulence replication
region A - H

transfer region

The pLW1043 plasmid
Genes for
C Conjugative ability

T Trimethoprim resistance

pLW1043 plasmid

V Vancomycin resistance

D Disinfectant resistance

$ Streptomycin resistance
P Penicillin resistance

Plasmids often carry genes for beneficial traits, including
antibiotic resistance and the ability to use new substrates. The
ability of bacteria to exchange plasmids has contributed to the
spread of antibiotic resistance. The pLW1043 plasmid (above)
from the superbug, Methicillin Resistant Staphylococcus aureus
(MRSA) carries several genes for antibiotic resistance, acquired
progressively over time.

The bacterium Agrobacterium tumefaciens often contains the Ti
(tumor inducing) plasmid. This plasmid is able to transfer genes
into plant cells and cause disease. Several regions on the plasmid
(left) help it to infect plants. The plasmid is just over 200,000 bp
(base pairs) long and contains 196 genes. The mapping of its
genes has made it of great importance in creating genetically
modified plants.

1. What is a plasmid?

2. Explain how a plasmid can convey a survival advantage to bacteria under certain conditions:

3. (a) Why are plasmids (such as the Ti plasmid) useful to genetic engineers?

(b) Into which region of the Ti plasmid would you insert a gene in order for it to be transferred into a host plant cell?
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Eukaryotic Chromosomes

Key Idea: In eukaryotes DNA is stored as linear chromosomes.  species to species. The extent of DNA packaging changes
The DNA in eukaryotes is packaged as discrete linear during the life cycle of the cell, but classic chromosome
chromosomes. The number of chromosomes varies from  structures (below) appear during metaphase of mitosis.

Eukaryotic chromosomes
are formed from the coiling
of chromatin into organised
structures. They appear
during cell division.

Chromosome

Chromatids (2)
In eukaryotes,

chromosomes are
located in the nucleus.

Nucleosome

Histone
tail

DNA is complexed with protein to form
chromatin. The DNA is packaged in an
organised way, wrapped around groups

of 8 histone proteins to form nucleosomes.
This loosely packed 'beads on a string'
arrangement is how most of the DNA
exists for much of the cell cycle.

DNA

Histones may be modified by a number of processes,

including addition of methyl, acetyl, or phosphate groups
to the histone tail. Depending on the type of modification,
the chromatin may pack together more tightly or more
loosely, affecting the cell's ability to express genes.

Nucleosome = 8 histones and 2 turns of DNA

Gene (protein coding region). Genes on a
chromosome can only be expressed (read and
translated into proteins) when the DNA is unwound.

Transcription (reading)
start sequence

DNA has a double helix
structure. It is made up of
many building blocks called
nucleotides joined together.

Exon (coding region)
Intron (non-coding region)

Transcription stop sequence

1. Explain why eukaryotic DNA needs to be packaged up to fit inside a cell nucleus:

2. How do histone proteins help in the coiling up of DNA?

3. Suggest why a cell coils up its chromosomes into tight structures when it is going to divide:

4. Explain how the packaging of DNA in an organised way enables closer regulation of gene expression:

~l=lo1e
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Sex chromosomes and autosomes

» In eukaryotes, the chromosomes are located within the cell's nucleus. Sexually reproducing organisms usually have two
sets of chromosomes (they are diploid). One set is inherited from each parent at the time of fertilisation. The corresponding
chromosomes from each parent form a pair called a homologous pair (homologous chromosomes). Chromosomes can be
classified either as sex chromosomes or autosomes.

Sex chromosomes Autosomes

» Sex chromosomes determine the : » Most chromosomes are autosomes (non-sex chromosomes).
sex of organisms and the genes Their genes determine most phenotypic characteristics (but
they carry are called sex linked. not sex).

» Humans have two sex » Human cells have 22 pairs of autosomes (1-22 below). The
chromosomes (X and Y). Egg e pairs are homologous so the chromosomes in each pair have
cells contain 22 autosomes and Y similar heights, banding patterns, and centromere positions.
an X chromosome. Sperm cells contain They also carry the same genes, in the same location.

22 autosomes and either an X orY
chromosome. Humans have one pair of
sex chromosomes: XX = females.
XY = males.
» Sex chromosomes are not homologous.
They differ in height, banding pattern, and
centromere position. The X chromosome
is much larger than the Y chromosome
and contains more genes (above right).
Genes on the X chromosome that are not present on
the Y chromosome will always be expressed in males.

5. Summarise the differences between sex chromosomes and autosomes under the headings below:

(a) Function:

i) Autosome:

i) Sex chromosome:
(b) Are the chromosomes homologous (Yes/No)?

i) Autosomes: ii) Sex chromosomes:
(c) Number/pairs of chromosomes in humans:

i) Autosomes: ii) Sex chromosomes:
(d) Are the genes sex linked (Yes/No)?

i) Autosomes: i) Sex chromosomes:

6. Chromosomes are often depicted in different ways, in different sources. Search the internet for some of these depictions,

print them out, and paste them into the space below. In what ways are these depictions accurate or inaccurate?
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YA \What is Gene Expression?

Key Idea: Genes are sections of DNA that code for proteins.
Genes are expressed when they are transcribed into
messenger RNA (mMRNA) and then translated into a protein.
Gene expression is the process by which the information in a
gene is used to synthesise a protein. It involves transcription
of the DNA into mRNA and translation of the mRNA into

A summary of eukaryotic gene expression

TRANSLATION
.

Ribosome

mRNA

Nuclear pore

Amino acids are linked together
at the ribosome to form the
protein encoded by mRNA.

Cytoplasm

The primary transcript is

introns are removed and

1. What is a gene?

edited. The non-protein coding

modifications are made to help
the mRNA exit the nucleus.

protein. Eukaryotic genes include non-protein coding regions
called introns. These regions of intronic DNA must be
edited out before the mRNA is translated by the ribosomes.
Transcription of the genes and editing that primary transcript
to form the mature mRNA occurs in the nucleus. Translation
of the protein by the ribosomes occurs in the cytoplasm.

EDITING
TRANSCRIPTION

In the nucleus, the gene is
rewritten into a single stranded
primary RNA transcript, using one
strand of DNA as a template. RNA
polymerase catalyses this process.

2. (a) What does gene expression mean?

(b) What are the three stages in gene expression in eukaryotes and what happens in each stage?

3. The photograph (right) shows a scanning electron micrograph (SEM) of a giant polytene chromosome. These
chromosomes are common in the larval stages of flies, which must grow rapidly before changing to the adult form. They
form as a result of repeated cycles of DNA replication without cell division, which creates many copies of genes. Within
these chromosomes, visible 'puffs' indicate regions where there is active transcription of the genes.

(a) What is the consequence of active transcription in a polytene chromosome?

(b) Why might this be useful in a larval insect?

©2022 BIOZONE International
ISBN: 978-1-98-856655-9
Photocopying Prohibited

87



Comparing gene expression in prokaryotes and eukaryotes

In both prokaryotes and eukaryotes, genes are transcribed by RNA polymerase (RNAP) and translated by ribosomes. However,
there are some important differences. In eukaryotes, primary RNA must be edited and processed before passing from the nucleus to
the cytoplasm. In prokaryotes, there is no nucleus and ribosomes can begin translating a gene while it is still being transcribed.

Nucleus

Cytoplasm

é“é‘%

¥ >
S'Tl'anscription »
<

Translation by
ribosomes

Growing polypeptide

Prokaryote Eukaryote

4. For the following triplets on a DNA template strand, state the codon sequence for the mRNA that would be synthesised:
Triplets on the DNA: TAC TAG ccCcaG CGA TTT

Codons on the mRNA:

Triplets on the DNA: TAC AAG CCT ATA AAA

Codons on the mRNA:

5. What is the significance of the promoter and terminator regions on the DNA?

6. Why might a cell employ several RNA polymerases to produce multiple RNA transcripts of a gene at any one time?

7. Based on the diagram above, describe two differences between gene expression in prokaryotes and eukaryotes:

(@)

(b)

8. Based on the diagram above, how is gene expression in prokaryotes and eukaryotes similar?

9. What benefit might there be to the way in which prokaryotes can begin translation while a gene is still being transcribed?
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Key Idea: The genetic code is the set of rules by which the
genetic information in DNA or mRNA is translated into proteins.
The genetic information for the assembly of amino acids is
stored as three-base sequences. These three letter codes on
mRNA are called codons. Each codon represents one of 20
amino acids used to make proteins. The code is effectively

The mRNA - amino acid table

The table on the right is used to ‘decode' the
genetic code. It shows which amino acid each
mRNA codon codes for. There are 64 different
codons possible; 61 code for amino acids, and
three are stop codons.

Amino acid names are written as three letter

abbreviations (e.g. Ser = serine). To work out

which amino acid a codon codes for, carry out
the following steps:

i Find the first letter of the codon in the row
on the left hand side of the table. AUG is the
start codon.

i Find the column that intersects that row from

the top, second letter, row.

Locate the third base in the codon by looking

along the row on the right hand side that

matches your codon.

e.g. GAU codes for Asp (aspartic acid)

B What is the Genetic Code?

universal, being the same in all living things (with a few minor
exceptions). The genetic code is summarised in a mRNA-
amino acid table which identifies the amino acid encoded by
each mRNA codon. The code is degenerate, meaning there
may be more than one codon for each amino acid. Most of
this degeneracy is in the third nucleotide of a codon.

Read second letter here

U C A G

UUU Phe | UCU Ser [ UAU Tyr [UGU Cys u

UUC Phe | UCC Ser |UAC Tyr |UGC Cys c

UUA Leu | UCA Ser STOP Ly STOP| A

UUG Leu | UCG Ser STOP|UGG Trp G

CUU Leu | CCU Pro | CAU His |CGU Arg u

CUC Leu | CCC Pro | CAC His |CGC Arg | ¢ | =

CUA Leu | CCA Pro | CAA GIn |CGA Arg A =

CUG Leu | CCG Pro | CAG GIn |CGG Arg | 6 | =
0]

AUU lle ACU Thr | AAU Asn | AGU Ser u g

AUC lle ACC Thr | AAC Asn | AGC Ser c =

AUA lle ACA Thr | AAA Lys | AGA Arg A

el Met | ACG Thr | AAG Lys | AGG Arg | G

GUU Vval GCU Ala CGAU ASE) GGU Gly u

GUC Vval GCC Ala | GAC Asp | GGC Gly c

GUA Val | GCA Ala | GAA Glu | GGA Gly A

GUG Val | GCG Ala | GAG Glu |GGG Gly | G

Read first letter here

Read third letter here

1. (a) Use the base-pairing rule to create the complementary strand for the DNA template strand shown below.

(b) For the same DNA template strand, determine the mRNA sequence and use the mRNA -amino acid table to
determine the amino acid sequence. Note that in mMRNA, uracil (U) replaces thymine (T) and pairs with adenine.

Template strand
DNA

| JCCARATGGACTEECAT GCCEBTGAA [

Il BN BN BN BN

Complementary strand (this is the DNA coding strand)

Gene expression

Template strand

Translation l

Amino
acids

2. What do you notice about the sequence on the DNA coding strand and the mRNA strand?
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Redundancy and degeneracy
Redundancy and degeneracy are important concepts in understanding the genetic code.

» Redundancy is when several situations code for, or control, the actions of one specific thing.
> Degeneracy is when a particular output can be produced by several different pathways.

Examples of redundancy and degeneracy are illustrated below. In modern aircraft redundant features add safety by making sure
that if one system fails others will ensure a smooth, safe flight. Degeneracy can be seen in proteins when different proteins have
the same function.

Modern aircraft (left) have multiple
redundant features for safety. Often
there are three or four flight computers
linked independently to the flight
surfaces and other input/output
devices. If one computer or control line
fails the others can continue to fly the
plane normally.

Flight computers

Control lines

Degeneracy is seen in the production
of the enzymes salivary and
pancreatic amylase. Salivary amylase
breaks down carbohydrates in the
mouth, whereas pancreatic amylase
does so in the small intestine. The
enzymes are encoded by different Salivary amylase (above) is

genes (AMY1A and AMY2A) but have structurally different to pancreatic
the same functional role (right). amylase, but has the same function.

CCu CCu

The genetic code shows
degeneracy. This means that a
number of 3 base combinations

The degeneracy of the genetic
code creates redundancy, so
cce cce that several codons code for
specify one amino acid. The / \ the same amino acid (e.g. CCU,
codons_ for the same amino acid \ CC(_), CCA, and CCG code for
often differ by only a smgle letter CCA CCA / prollnt_e). Note that although_
(often the second or third). For there is redundancy, there is no
example, proline is encoded by ambiguity - none of the codons
four different codons. cCcG cCcG encodes any other amino acid.

3. Explain how degeneracy adds 'safety' to the coding of protein chains:

4. The genetic code shows redundancy but no ambiguity. What does this mean and why is it important?

5. Identify the following:

(a) The codons that encode valine (Val):

(b) The codons that encode aspartic acid (Asp):

6. (a) Arginine (Arg) is encoded in how many ways?

(b) Glycine (Gly) is encoded in how many ways?

(c) Which amino acid(s) are encoded in only one way?
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3 RNA polymerase (RNAP)
adds nucleotides to the 3' end
so the strand is synthesised
in a 5' to 3' direction.

;}‘ \,
NN\

Key Idea: Transcription is the first step of gene expression.
It involves the enzyme RNA polymerase rewriting the
information into a primary RNA transcript. In eukaryotes,
transcription takes place in the nucleus.

Transcription is the first stage of gene expression. It takes
place in the nucleus and is carried out by the enzyme RNA
polymerase. This enzyme rewrites the DNA into a primary
RNA transcript using a single template strand of DNA. The

Transcription in Eukaryotes

protein-coding portion of a gene is bounded by a start
(promoter) region and a terminator region. These regulatory
regions control transcription by teling RNA polymerase
where to start and stop transcription. In eukaryotes, non
protein-coding sections called introns must first be removed
and the remaining exons spliced together to form the mature
mRNA before the gene can be translated into a protein. This
editing process also occurs in the nucleus.

Transcription is carried out by RNA polymerase (RNAP)

Coding (sense)
strand of DNA

Direction of
transcription

RNA polymerase binds at the
upstream promoter region.
This region is not transcribed.

The primary RNA transcript is edited to
form the mature mRNA and then passes
to the cytoplasm where the nucleotide
sequence is translated into a polypeptide.
The primary transcript also contains the
5'and 3' UTRs (untranslated regions),
not shown here for reasons of clarity.

1. (a) Name the enzyme responsible for transcribing the DNA:

(b) What strand of DNA does this enzyme use?

Newly synthesised RNA
strand is complementary
to the template strand.

Translation will
begin at the start
codon AUG

\\! val

mRNA nucleotides. Free
nucleotides are used to
construct the RNA strand.

Template (antisense)
strand of DNA stores
the information that is
transcribed into mRNA.

RNA polymerase
dissociates at the
terminator region. This
region is not transcribed.

DID YoU KNow?

Several RNA polymerases may
transcribe the same gene at
any one time, allowing a high
rate of mMRNA synthesis.

(c) The code on this strand is the [same as / complementary to] the RNA being formed (circle correct answer):

(d) Which nucleotide base replaces thymine in mRNA?

(e) On the diagram, use a coloured pen to mark the beginning and end of the protein-coding region being transcribed.

2. (a) In which direction is the RNA strand synthesised?

(b) Explain why this is the case:

3. (a) Why is AUG called the start codon?

(b) What would the three letter code be on the DNA coding strand?
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mRNA Processing in Eukaryotes

Key Idea: mRNA can undergo several types of modification  enable the mRNA to exit the nucleus and remain stable
after transcription to alter the protein produced. long enough to be translated. Other post transcriptional
Once a gene is transcribed, the primary transcript is modified ~ modifications remove non-protein coding intronic DNA and
to produce the mRNA strand that will be translated in the splice exons in different combinations to produce different
cytoplasm. Modifications to the 5' and 3' ends of the transcript ~ protein end products.

Primary RNA is modified by the addition of caps and tails

CAP - > 5'UTR Coding sequence 3'UTR < POLY'ATAIL
A guanine 5 3 Adenosine

nucleotide cap at nucleotides are

the 5' end of the After transcription, the primary RNA transcript is modified by enzymes to added to the

primary transcript create 'caps' and 'tails'. These modifications are part of the untranslated primary transcript.
stops degradation region (UTR) at each end of a gene. They stabilise the RNA, protect it from These poly-A tails
during transport degradation, and help its transport through the nuclear pore. They are also aid nuclear export,
from the nucleus important in translation although they are not translated themselves. The translation, and

and helps in the first START and STOP points of translation are marked by darker green lines. stability of the mRNA.

phase of translation.

Modification after transcription VO(’ KNOw?

» As you have seen earlier, introns are removed from the primary mRNA bp ’
transcript and the exons are spliced together. However, exons can be spliced Human DNA contains
together in different ways to create variations in the translated proteins. Exon 25,000 genes, but produces
splicing occurs in the nucleus, either during or immediately after transcription. Wi 1 ity BlLstret

proteins. Modifications after
transcription and translation
allow several proteins to be
produced from just one gene.

» In mammals, the most common method of alternative splicing involves exon
skipping, in which not all exons are spliced into the final mMRNA (below).

Exon 1 Exon 2 Exon 3 Exon 4 Exon 5
5' cap l Poly-A tail
Splicing

(in the nucleus)

1 2 3 4 5 1 2 4 5 1 2 3 5

Three splicing alternatives creates three different proteins \J

1. What is the purpose of the caps and tail on mRNA?

N

(a) What happens to the intronic sequences in DNA after transcription?

(b) What is one possible fate for these introns?

3. How can so many proteins be produced from so few genes?

4. If a human produces 1 million proteins, but human DNA codes for only 25,000 genes, on average, how many proteins
are produced per gene?
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Translation

Key ldea: Translation is the final stage of gene expression in
which ribosomes read the mRNA and decode (translate) it to
synthesise a protein. This occurs in the cytoplasm.

In eukaryotes, translation occurs in the cytoplasm either
at free ribosomes or ribosomes on the rough endoplasmic
reticulum. Ribosomes translate the code carried in the mRNA

Ribosome structure

Ribosomes are made up of a complex of ribosomal RNA
(rBNA) and ribosomal proteins. These small cellular
structures direct the catalytic steps required for protein
synthesis and have specific regions that accommodate
transfer RNA (tRNA) molecules loaded with amino acids.

Ribosomes exist as two separate sub-units (below) until
they are attracted to a binding site on the mRNA molecule,
when they come together around the mRNA strand.

Large subunit

Small subunit

1. Describe the structure of a ribosome:

molecules, providing a suitable environment for the linkage
of amino acids delivered by transfer RNA (tRNA) molecules.
Protein synthesis begins at the start codon and, as the
ribosome wobbles along the mRNA strand, the polypeptide
chain elongates. On reaching a stop codon, the ribosome
subunits dissociate from the mRNA, releasing the protein.

tRNA structure

tRNA molecules are RNA molecules, about 80 nucleotides
long, which transfer amino acids to the ribosome as directed by
the codons in the mRNA. Each tRNA has a 3-base anticodon,
which is complementary to a mRNA codon. There is a different
tRNA molecule for each possible codon and, because of the
degeneracy of the genetic code, there may be up to six different
tRNAs carrying the same amino acid.

Amino acid attachment site.
' Enzymes attach the tRNAs ‘\A

to their specific amino acids.

[— |
Anticodon is a 3-base sequence
complementary to the codon on mRNA.

2. What is the role of each of the following components in translation?

(a) Ribosome:

(b) tRNA:

(c) Amino acids:

(d) Start codon:

(e) Stop codon:

3. There are many different types of tRNA molecules, each with a different anticodon (HINT: see the mRNA table).

(a) How many different tRNA types are there, each with a unique anticodon?

(b) Explain your answer:

(c) Determine the mRNA codons and the amino acid sequence for the following tRNA anticodons:

tRNA anticodons: UAC

Codons on the mRNA:

UAG CCG CGA UUU

Amino acids encoded:
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tRNA molecules deliver amino acids to ribosomes

tRNA molecules match amino acids with the appropriate codon on mRNA. As defined by the genetic code, the anticodon specifies
which amino acid the tRNA carries. The tRNA delivers its amino acid to the ribosome, where enzymes join the amino acids to form a
polypeptide chain. During translation the ribosome 'wobbles' along the mRNA molecule joining amino acids together. Enzymes and
energy are involved in charging the tRNA molecules (attaching them to their amino acid) and elongating the peptide chain.

Unloaded y
MettRNA B =TT
Charging '
The ribosome P (peptidyl) Charged Arg-tRNA enters the Lys-tRNA Y
site carries the growing ribosome A (acceptor) site.
polypeptide chain. The amino acid is added to the
growing polypeptide chain.
<.
Charged
Val-tRNA
Unloaded

Thr-tRNA leaves the
ribosome E (exit) site Charged tRNAs enter at the A site
except for the first amino acid

Start codon methionine (Met), which enters at
T\ the P site to begin the process.

5 AfajajGJCU
Ajujepajcjcjujujujcjajalsjujcjajajcjujajulejcjalajcjajujajulsjujaje

Ribosome (only large subunit shown)

31

mRNA

The polypeptide chain grows as more amino acids are added

The polypeptide chain Protein synthesis stops when a stop codon is
b continuestogrowasmore | reached (UGA, UAA, or UAC). The ribosome falls
amino acids are added. off the mRNA and the polypeptide is released.
Co 0...
» . ®
O = » ®
Protein synthesis begins O .. .‘ °
when the ribosome reads O O (%
the start codon (AUG). 0O » »
< O
Q ®
U »

Y

Direction of protein synthesis

4. Describe the events occurring during translation:

5. Many ribosomes can work on one strand of mRNA at a time (a polyribosome system). What would this achieve?
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Key ldea: Identifying the mRNA present in cells can help identify, and lead to
treatment of diseases such as cancer.

Every cell in an organism has the same DNA and therefore the same complement
of genes. Different types of cells look and behave differently because they express
different genes in different sequences for different lengths of time. Therefore, a skin
cell expresses different genes and therefore different types of proteins, structures,
and behaviours than a muscle cell. A cancerous cell expresses genes differently
from a normal cell. Some genes will be expressed more than others and some will be
expressed less. Gene expression profiling can identify these changes of expression.

Gene expression in cancer cells

> Itis now possible to quantify the genes being expressed by looking for and
measuring the different types and amounts of mRNAs and proteins found in a cell.
This is called gene expression profiling. Using this technique, it is possible to
identify the genes that are behaving incorrectly in cancer cells by comparing their
gene expression profiles to the gene expression profiles of non-cancerous cells.

» The table (right) shows the top ten genes that are expressed more than normal (up
regulated) and the top nine that are expressed less than normal (down regulated) in
breast cancer patients. Most of the up regulated genes are involved in the cell cycle,
whereas most of the down regulated genes are involved in lipid metabolism.

Using gene expression profiles

» Many drugs act on biochemical pathways in cells to alter some part of the cell's
activity. Some people respond to these drugs better than other people, often
because their cells have more of a crucial receptor. The receptor is produced by a
biochemical pathway regulated by proteins, which are a product of gene expression.
Variations in gene expression can determine the way a drug affects a person.

» Gene expression profiling can be used to identify suitable drugs for different
patients. It can be especially useful in developing a chemotherapy regime for
cancer treatment and identifying any side effects. This makes it possible to develop
treatments that are more effective and more tolerable for the patient.

1. DNA chips (microarrays) can be used to determine
which genes are being expressed in a cell. In one
type of microarray, genes expressed in a normal
cell turn the dot red while genes expressed in a
cancer cell turn the dot green. Gene expression in
both cells turns the dot yellow (the DNA chips are
normally read by a laser).

Each dot represents a different gene, so we

can see which genes are being over or under
expressed in a cancerous cell: green is over-
expressed, red is under-expressed and yellow is
expressed normally.

Applications: Gene Expression Profiles

Over-expressed Under-expressed

genes genes
COL10A1 Cc7
MMP11 FABP4
GJB2 TIMP4
CSTH1 GPD1
KIAA1199 THRSP
MMP1 CIDEC
MMP13 ADH1B
CEACAM6 ADH1A
BUBH1 KIAA1881
ASPM

No colour
(no expression)

Red (expression in
normal cell)
Green (expression

in cancer cell)

Yellow (expression
in both cells)

(a) From the DNA chip above, which genes in the cell being tested are: over-expressed, under-expressed and being

expressed normally?

(b) Suggest how this information could be used to design medical treatment for a cancer patient:

2. Why would the over-expression of genes associated with the cell cycle be a major factor in causing cancer?
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Key Idea: An organism's phenotype is influenced by the
effects of the environment during and after development,
even though the genotype remains unaffected.

An organism’s phenotype is influenced by both its genes
and the environment, and also the ways the genes are

Influences on Phenotype

minor differences in their appearance due to epigenetic and
environmental factors such as diet and what the environment
was like in the uterus during development. Genes, together
with epigenetic and environmental factors, determine the
unique phenotype that is produced.

controlled, known as epigenetics. Even identical twins have

Alleles
Mutations

Single nucleotide
variations

Changes to the
DNA packing

)

Phenotype

Chemical markers
on DNA

Sexual reproduction

» The phenotype is the product of the many complex interactions between the
genotype, the environment, and the chemical tags and markers that regulate gene
expression of the genes (epigenetic factors).

» Polyphenism is the expression of different phenotypes in organisms with the same
genotype as a result of environmental or epigenetic influences. Examples include
temperature dependent sex determination in reptiles, seasonal fur colour changes
in Arctic foxes, seasonal changes in wing patterns in peacock pansy butterflies
(photo panel A and B), and changes in body colour in response to food resources in
peppered moth caterpillars (photo panel C).

» The amount of change in a phenotype due to environmental influences is called its
phenotypic plasticity. Plants often have high phenotypic plasticity because they are
unable to move and so must adjust to environmental changes throughout their lives.

1. (a) What are some sources of genetically induced variation?

Polyphenism: same genotype,
different phenotype

X
B: Weksoﬁ

See text left for explanation

(b) What are some sources of environmentally induced variation?

2. Explain why genetically identical twins are not always phenotypically identical:
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YW Genotype Influences Phenotype

Key Idea: Sexual reproduction, mutations, and variable  sexual reproduction, changes in the DNA through mutation,
regions of DNA (SNPs) each contribute to phenotype. and variability in DNA due to single nucleotide polymorphisms
An individual's genotype is a result of many different factors.  (SNPs — pronounced 'snips'). Each of these variations in
These include the combination of alleles they receive through  genotype influence the phenotype of the individual.

Changes in phenotype: albinism

The photo (right) shows a family group where one of the children has an
appearance quite different to the others. The child is an albino. Albinism is
an inherited genetic disease resulting in the absence of pigmentation or
colouration. There are several types of albinism. The most common, OCA,
affects the skin, hair, and eyes. Albinos with OCA have white or extremely
pale skin and hair, so must take care in the sun not to damage their skin and
eyes. In humans with albinism, blue eyes are common, but red or pink eye
colour may also occur.

Europe . )
@ 1in 20,000 North America
1in 20,000
[ J
Fiji
1in 700 [ J
° L 1in 70
(some indigenous The rate of OCA varies between countries. Some
Sub-Saharan Australia South American ethnic groups, and some populations in isolated
Africa 1in 17,000 populations) areas show higher levels of albinism than others.
1in 1000 - This may be due to the presence of certain
1in 5000 ethnic specific genetic factors called SNPs (gene

variations in different parts of the world).

Factors contributing to genetic variation

How is it that some individuals have normal colouration and some
are albinos? One factor contributing to the condition is genotype Individual 1
variation. This may arise through:

» Sexual reproduction: The processes of crossing over and
independent assortment during meiosis increases genetic
variability in the gametes (egg and sperm). Random fertilisation
between egg and sperm further enhances genetic variation in
the resulting zygote.

> Alleles: Alleles are different versions of a gene. Different alleles Individual 2
result from changes in the DNA sequence. This increases
genetic variation between individuals.

» Mutation: Mutations are changes to a DNA sequence and are a
source of new alleles. Mutations come from errors in DNA copying

or can be caused by external factors called mutagens, e.g. UV

radiation. Mutations may change only a single base pair in the D/DMW

DNA, or large parts of chromosomes. What's the difference between a
» Single nucleotide polymorphism (SNPs): SNPs (pronounced mutation and SNP?

snips) are a single change in a nucleotide base between SNPs and single nucleotide

individuals (diagram, top right). SNPs are the most common form substitution mutations are very

similar. To be classified as a SNP,
the substitution must occur in
more than 1% of the population.

of variation in the human genome. It is estimated that the human
genome contains 3—10 million SNPs. Some SNPs are associated
with different variants of albinism.

1. What health problem might people with albinism suffer from because of low pigmentation levels?
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Allele combination

We can represent the alleles for
albinism as P (normal pigmentation)
and p (albino pigmentation) The
abnormal allele (p) for OCA is inherited
in a homozygous recessive pattern. An
individual must have two copies of the
abnormal gene to be albino. Individuals
with one copy are carriers; they show
no characteristics of being albino, but
they can pass the gene for albinism on
to their offspring.

SNPs

Most SNPs do not occur in regions
coding for genes, but when they do
they can be associated with disease.
Sometimes SNPs can occur more often
in certain populations (see previous
page) so can be useful for tracking
disease genes. Albino kangaroos and
wallabies are fairly uncommon and SNP
analysis is limited. Only one albino is
born for every 50,000-100,000 births.
The rate of albinism is much higher

in humans (on average one in every
17,000 - 20,000 births).

2. Explain the difference between a single nucleotide mutation and a SNP:

The genome and albinism

Sexual reproduction

The law of independent assortment
(sorting chromosomes during meiosis)
means there is no way to predict which
gametes will receive an albino allele.
However, the probability of producing
albino offspring can be predicted by
studying the inheritance pattern for
the disease. You will study inheritance
patterns in the next chapter.

Mutation

Several gene mutations are known to
result in albinism. The most common
form of OCA is caused by a mutation to
the TYR gene. The TYR gene produces
an enzyme called tyrosinase, which is
needed to make the pigment melanin.
Melanin gives the skin, hair, and eyes
their colour. Without tyrosinase there is
no melanin, which is why albinos have a
pale or white appearance.

3. Using the alleles P (normal pigmentation) and p (albino pigmentation), write the allele combination for someone who:

(a) Has albinism:

(b) Is a carrier of albinism:

(c) Does not have albinism and is not a carrier:

4. Why do carriers for albinism not show symptoms of albinism?

5. Explain how the TYR gene mutation is involved in producing the classic OCA phenotype:
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Environment and Phenotype

Key Idea: The environment can play a big part in an can influence how genes are expressed. Factors such as
organism's eventual phenotype. heat or chemicals can turn genes on (genes are expressed)
Environmental factors, including physical factors such as  or off. When, and for how long, the genes are expressed can
temperature, and biotic factors such as presence of predators,  have large effects on an organism's eventual phenotype.

The effect of temperature

Crocodiles hatching

The sex of turtles, crocodiles, and the American alligator is Siamese kittens are born fully white, but develop dark patches
determined by the incubation temperature during embryonic after birth. The colour is caused by the pigment melanin. In
development. In some species, high incubation temperatures Siamese cats, the tyrosinase enzyme involved in melanin
produce males and low temperatures produce females. In production is mutated and inactivated at normal body

other species, the opposite is true. Temperature regulated sex temperature. Tyrosinase can only function to produce melanin

determination may provide an advantage by preventing inbreeding. in cooler areas of the body (ears, feet, tail). In the rest of the
body where the temperature is higher, no melanin is produced.

Chemical g
signal

The effect of other organisms

Female Male ;;l)?;-helmeted g?: eted
For some fish species, such as Coris sandageri (above), the Some organisms respond to the presence of harmful
presence of other individuals of the same species may control sex  organisms by changing their morphology or body shape.
determination. The fish live in groups consisting of a single male When the water flea Daphnia is exposed to predatory phantom
with attendant females and juveniles. In the presence of a male, midge larvae it develops a helmet and/or tail spine which make
all juveniles become females. When the male dies, the dominant it more difficult to attack. They also produce young with the
female will undergo changes in physiology and appearance to same defensive structures. These responses are generated in
become a male. response to chemicals produced by the predator.

1. Why are the darker patches of fur in Siamese cats only present on the face, paws, and tail?

2. (a) How is helmet and spine development in Daphnia a response to environment?

(b) How does the phenotypic response help the animal survive?
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Environment can determine whether or not an organism reaches its genetic potential

Increasing altitude can stunt the phenotype of plants with the same genotype. In many tree species, such as spruce (below) and
mountain beech, plants at low altitude grow to their full genetic potential, but growth becomes more and more stunted as elevation
increases and abiotic factors, such as temperature, change. Growth is gnarled and plants are shorter at the highest sites. Gradual
change in phenotype over an environmental gradient is called a cline.

| 3 Growth to
Severe Ay -1 genetig
stunting . y _ potential

How do chemicals affect hydrangea flowers?

» Changes in the chemical environment influence flower
colour in hydrangeas (right). They have blue flowers when
they are grown in acidic soil (pH <7.0) and pink flowers
when grown in neutral to basic soils (> 7.0).

» The colour change is a result of the mobility and
availability of aluminum ions (AI3+) at different pH levels.

> Atlow pH AI3*is highly mobile. It binds with other ions
and is taken up into the plant, reacting with the usually
red/pink pigment in the flowers to form a blue colour.

» In soil pH at or above 7.0, the aluminum ions combine
with hydroxide ions to form insoluble and immobile
aluminum hydroxide (Al(OH)). The plant doesn't take up
the aluminum and remains red/pink.

» Other conditions such as high phosphorus levels can also
affect aluminum mobility and availability.

Soil pH <7.0: blue flowers Soil pH > 7.0: pink flowers

3. Describe an example to illustrate how genotype and environment contribute to phenotype:

4. (a) What is a cline?

(b) Describe how the phenotype of the spruce changes with an increase in altitude:

(c) Physical (abiotic) factors change with altitude. Suggest what physical factors may influence the tree's phenotype:

©2022 BIOZONE International
ISBN: 978-1-98-856655-9
Photocopying Prohibited



Key Idea: The mechanisms by which the environment
modifies the expression of genes are often epigenetic.

As you saw earlier, gene expression can be influenced in part
by the environment. But how is the influence of environment
moderated? Sometimes, as with colour pointing in cats, the
environment directly influences a protein's function. Most

Epigenetic Regulation of Gene Expression

often though, the regulation is epigenetic. Epi- means 'on
top of' or 'extra to'. Epigenetic factors are external to the
gene itself, e.g. chemical tags, that influence how that gene
is expressed. Epigenetic regulation is achieved by modifying
the way the DNA is packaged and its availability to be
transcribed. The DNA sequence is unchanged.

The regulation of gene expression in eukaryotes is a complex process beginning before the DNA is even transcribed. The packaging
of DNA regulates gene expression either by making the nucleosomes in the chromatin pack together tightly (heterochromatin) or
more loosely (euchromatin). This affects whether or not RNA polymerase can attach to the DNA and transcribe it.

Histone modification is an important aspect of
the epigenetic control of gene expression.

Chromosome

Chromatin

Methy! group DNA accessible, gene active

DNA inaccessible, Histone tail

gene inactive

1. What is epigenetics?

Adding an acetyl group to a lysine on the
histone tail removes the positive charge on the
histone and decreases its interaction with DNA.
This allows the chromatin to relax into a looser
form so that the gene can be transcribed.

Adding methyl groups to cytosine
may physically stop the binding of
transcription factors or it may cause
the chromatin to bind tightly together
so that genes cannot be transcribed.

2. (a) Describe the effect of histone modification and adding methyl groups on DNA packaging:

(b) How do these processes affect transcription of the DNA?

3. The graphs (right) show the relative amount
of genomic methylation and the effect of
this on the frequency of gene expression. 600 -
Describe the relationship between o
methylation and gene expression: e
] 400
g
- 200
0 —

High expression

Low expression

150

100

T
0.0
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Epigenetics affects development

> One of the biggest debates in the study of development is the idea of
nature versus nurture. To what extent do genes or the environment affect
development and phenotype?

» A 2004 study of the grooming of rat pups by their mothers helps provide
some insight. In this study, the quality of care by a pup's mother affected
how the pup behaved when it reached adulthood.

» Rat pups that were groomed more often by their mother were better at
coping with stress than pups that received less grooming. What's more, it
was shown that the effect was caused by changes in the expression of the
glucocorticoid receptor, which plays a role in the response to stress.

» DNA analysis found differences in the way the DNA was chemically
tagged. Rats that received a lot of grooming had DNA that allowed for
greater transcription and so had higher expression of the glucocorticoid
receptor. The opposite was true for rats that received little grooming.

Twins in space

» Twin studies can provide a lot of information about how the environment
affects gene expression. The studies are often done when identical twins
have been separated at birth (usually because one or both of them are
adopted out). Their similarities and differences can then be studied to
assess how much the environment influenced their development.

» In 2015, NASA astronaut Scott Kelly blasted into space for a year long
stay on the International Space Station. His identical twin brother Mark
remained on Earth. This gave NASA a chance to study the real effects of
space travel on the human body. Importantly, the gene expression of the
men could be measured before and after Scott went to space.

» It was found that six months after Scott's return, 7% of his genes had not
returned to their normal level of gene expression. Also, although there
was no decrease in Scott's cognitive abilities, there was a decrease in
his speed and accuracy until his readjustment to Earth gravity. The space
environment had altered Scott Kelly's gene expression compared to his
identical twin Mark Kelly.

4. (a) Describe how grooming of their pups by mother rats affected the pups in the long term:

(b) How could this have been achieved by epigenetics?

5. How might twin studies help the study of gene-environment responses?

6. What evidence is there that epigenetics can have long term to permanent effects on gene expression?

7. When a zygote forms at fertilisation, most of the epigenetic tags are erased so that cells return to a genetic 'blank slate’,
ready for development to begin. However, some epigenetic tags are retained and inherited. Why do you think it might be
advantageous to inherit some epigenetic tags from a parent?
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YA Genes, Environment, and Continuous Variation

Key Idea: Many phenotypes are affected by multiple genes. possible. Combined with environmental effects, this produces
Many phenotypes are controlled by more than one gene. This  continuous variation within the population. Two examples in
is called polygeny or polygenic inheritance. As phenotype  humans are skin colour and height.

is controlled by many genes and alleles, a large range is

Polygenic traits

Very pale Light Medium light Medium Medium dark Dark Black

0 1 2 = 2 B [£]

Polygenic traits are usually identified by: Multiple genes (many genes
contributing to a phenotype) are quite

» Traits are usually quantified by measuring rather than counting. different to multiple alleles (many

P Two or more genes contribute to the phenotype. alleles present in the population for
> Phenotypic expression is over a wide range (often in a bell shaped curve). one phenotypic characteristic).
» Polygenic phenotypes include skin colour, height,

eye colour, and weight. Gametes ABC ABc AbC Abc aBC aBec  abC  abc

It is estimated that skin colour is controlled by at ABC
least eight genes (probably more). There are various

ways to compare skin colour. One is shown above, ABc
in which there are seven shades ranging from very

pale to very dark. Most individuals are somewhat AbC

intermediate in skin colour.

The table (right) shows a cross between three genes Abe

involved in skin colour, A, B, and C, each with two aBC
alleles (AaBbCc x AaBbCc). This is sufficient to give
the seven shades of skin colour shown above. The
shaded boxes indicate their effect on skin colour
when combined. No dominant allele results in a lack
of dark pigment (aabbcc). Full pigmentation (black)
requires six dominant alleles (AABBCC). Note that
for three genes with two alleles each there are 23 x abc
23 = 8 x 8 = 64 possible genotypes.

aBc

abC

1. (a) What is polygeny?

(b) How does polygeny contribute to continuous variation?

2. Study the cross between the A, B, and C genes above. Write down the frequencies of the seven phenotypes (0-6):
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Investigation 3.1 Measuring continuous variation

See appendix for equipment list.

i

Choose one variable which occurs as a result of continuous variation (e.g. height, weight, hand
span, or foot length) and write the variable you will be investigating here:

Select 30-50 classmates to be your sample. Measure the variable of interest (fo one decimal

place) and record the results in the space for raw data below.

Decide on appropriate frequency for the data, then record it as a tally chart in the space below.

Raw data

Tally chart

Summarise the features of your data in the table (right). You can
enter your data on a spreadsheet to make it easier to calculate if
you want.

Plot the tally chart data as a histogram on the grid (next page).

Number of entries

Sum

Mean

Standard deviation
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Variable:

Frequency

3. (a) Describe the pattern of the distribution shown in your graph:

(b) What is the genetic basis of this distribution? Give a brief explanation of what this means:

(c) What is the importance of a large sample size when gathering data relating to a continuous variable?

4. Explain the differences between continuous and discontinuous variation, giving examples to illustrate your answer:
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Amino Acids Make up Proteins

Key Idea: Amino acids join together in a linear chain by =~ Amino acids are the basic units from which proteins are
condensation reactions to form polypeptides. The sequence  made. Twenty amino acids commonly occur in proteins and
of amino acids in a protein is defined by a gene and encoded  they can be linked in many different ways by peptide bonds
in the genetic code. Polypeptides are broken apart into amino  to form a huge variety of polypeptides. Proteins are made up
acids by hydrolysis (the opposite reaction to condensation). of one or more polypeptide molecules.

The structure and properties of amino acids

» Amino acids are the building blocks of proteins. They are linked by peptide bonds

R (below and opposite) to form long chains called polypeptides, which are the basis of
group proteins. All amino acids have a common structure (left) with an amine group (blue), a
Amine R Carboxyl carboxyl group (red), a hydrogen atom, and a functional or 'R' group (orange).
group | group » Each type of amino acid has a different functional R group (side chain). Each functional
H— N —C— C—-OH R group has a different chemical property.
| I » Amino acids are represented by a single upper case letter or a three-letter abbreviation.
H (o) For example, proline is known by the letter P or the three-letter symbol Pro.
H
Hydrogen Peptide bond
atom
H H H
. : 7 /5 i s ¥
--------------------- e | T 6/.
HJ) H 6 @

Different amino acids have different R groups g:z

» The R group in the amino acid determines the éHz
chemical properties of the amino acid. Different amino SH éHz COOH
acids have different R groups and therefore different (I:H éH2 (I:H
chemical properties. Amino acids can be grouped 2 2 2
according to these properties. Common groupings are
nonpolar (hydrophobic), polar (hydrophilic), positively
charged (basic), or negatively charged (acidic).

4 Thg prop(.-:‘rt.y of the R group determines how the. Cysteine Lysine Aspartic acid
amino acid interacts with others and how the amino The 'R' group of cysteine The 'R' group of The 'R' group of
acid chain will fold up into a functional protein. For forms disulfide bridges with lysine gives the aspartic acid gives
example, the hydrophobic R groups of soluble proteins other cysteines to create cross amino acid an the amino acid an
will be folded into the protein's interior. linkages in a polypeptide chain.  alkaline property.  acidic property.

1. What makes each of the amino acids in proteins unique, and how does this uniqueness contribute to protein structure?

2. Do some research to assign each of the 20 amino acids found in proteins to one of the four groups below. Use a
standard 3-letter code to identify each amino acid:

(a) Nonpolar (hydrophobic):

(b) Polar (hydrophilic):

(c) Positively charged (basic):

(d) Negatively charged (acidic):

3. (a) Which type(s) of amino acids would you find on the surface of a soluble protein? Which type(s) would you find in the
interior? Explain:

(b) What distribution of amino acids would you expect to find in a protein embedded in a lipid bilayer?
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Polypeptides are made by condensation and broken down by hydrolysis

> Amino acids are linked by peptide bonds to form Two amino acids

polypeptide chains of up to several thousand amino acids. Ry 0) Ry (o)
> Peptide bonds form between the carboxyl group of one amino I 7 l 7
h . . . H,N—C—C H,N—C—C
acid and the amine group of another (right). Water is formed | N | N
as a result of this bond formation so the reaction is called a
' H OH H OH
condensation. A
» The sequence of amino acids in a polypeptide is called
the primary structure and is determined by the order of Condensation Hydrolysis
nucleotides in DNA and mRNA. Two amino acids When a dipeptide is
are joined to form split, a water molecule
a dipeptide with provides a hydrogen
Polypeptide chain the release of a and a hydroxyl group.
water molecule. Y
R, O H R, o
| Il | | 7
o ' ' - d HN—C—C —N—C—C +H,0
A AO 4O 4O Y i N
H H OH

Peptide Peptide Peptide Peptide Peptide

Dipeptide

Links between amino acids

I}
CH,~CH,~CH,~CH,~NH,* “O-C-CH,

lonic bond

Disulfide link
Polypeptide backbone (bond or bridge)
Hydrophobic
interactions

4. (a) What type of bond joins neighbouring amino acids together?

(b) How is this bond formed?

(c) Circle this bond in the dipeptide above:

(d) How are di- and polypeptides broken down?

5. Use the diagram above to answer the following:

(a) Name the different interactions that can shape the polypeptide:

(b) Which of the interactions would be the strongest?

6. In the diagram below, identify the following, R group, amine group, peptide bond:

(@)

(b)
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Key Idea: Amino acids can be separated and identified using
chromatography.

There are twenty essential amino acids used by the body
to make proteins. Because each amino acid has a different
chemical size and shape, they can be separated using
thin layer chromatography. In thin layer chromatography,

Separating Amino Acids by Chromatography

the mobile phase is the solvent which will separate the
molecules. The stationary phase is a thin layer of adsorbent
material (e.g. silica gel or cellulose) attached to a solid plate.
A sample is placed near the bottom of the plate which is
placed in an appropriate solvent (the mobile phase).

Investigation 3.2 Separating amino acids

See appendix for equipment list.

Noo

Do not handle the chromatography to avoid contaminating it. Solvents and ninhydrine
solution should be used in a fume hood. You should wear protective eyewear and gloves.

1. Wear safety gloves and goggles during this investigation.

2. Cut a piece of filter paper or chromatography paper into
a strip 5-6 cm wide. It should be long enough to reach
from the top of a beaker to the bottom and not so wide

that it touches the sides.

3. Use a pencil to draw a line across the width of the

paper 1 cm from the bottom fo mark the start position.
Lightly mark 4 equally spaced dots along the starting

line. Lightly number the dots.

4. Use a toothpick to place a drop of one of the 1% amino
acid solutions (leucine, lysine, or glycine) to the first
dot, the second amino acid on the second dot and so on.
Place the unknown solution on the fourth dot. Record

which amino acid was placed on which dot.

5. In a fume hood, pour the solvent solution into a
beaker to a depth of just over 1 cm. Set up the

chromatography paper as in the diagram on the right.

6. Cover the solution with parafilm or clingwrap
and leave for up to an hour or until the solvent

Chromatography set up

Clingwrap (prevents )
chromatography Pencil or
Beaker, solution evaporating) bamboo stick
~
Amino acid Filter or
chromatography
o—1
paper (hung from
Pencil line pencil or bamboo
\\ stick)
N S
Chromatography
solution L/

front is about 1 cm from the top of the chromatography

paper.

7. In a fume hood, remove the paper and mark the solvent front with a pencil. Dry with a hair dryer. Pour the
solvent into the waste container provided by your teacher.

8. In a fume hood, spray the chromatography paper with ninhydrin solution and dry with a hair dryer on heat
for about 5 minutes. The spots of amino acid should become visible. Alternatively, the positions of the amino

acids can be viewed with a black light.

9. Identify the unknown amino acid. Measure the distance from the start position to each amino acid and record.
Measure the distance from the start position to the solvent front and record.

1. What was the unknown amino acid?

2. Use the formula below to calculate the R; values for the amino acids you used. Each amino acid has its own Rf value. Rf
values can be used to identify unknowns in reaction solutions.

Distance travelled by spot (from start position)

R, =

Distance travelled by solvent (from start position)

e|0]|8|e|~
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Key Idea: The three-dimensional shape and function of
a protein is determined by the sequence and type of
amino acid.

Proteins are large, complex macromolecules, built up from
repeating units called amino acids. Proteins account for more
than 50% of the dry weight of most cells and are important in

Protein Structure is Hierarchical

virtually every cellular process. The various properties of the
amino acids, influenced by the R groups, determine how the
polypeptide chain folds up. This three dimensional tertiary
structure gives a protein its specific chemical properties. If a
protein loses this precise structure through denaturation, it
is usually unable to carry out its biological function.

Primary (1°) structure
The amino acid sequence

Hundreds of amino acids are linked by peptide bonds

to form polypeptide chains. The attractive and repulsive
charges on the amino acids determine the higher levels of
organisation in the protein and its biological function.

Secondary (2°) structure
a-helices or B pleated sheets

Hydrogen
bonds

Amino
acid chain

o-helix B-pleated sheet

Secondary (2°) structure is maintained by hydrogen bonds
between neighbouring CO and NH groups. Hydrogen bonds
are individually weak but collectively strong and determine
how the primary chain folds. The coiled o-helix and
B-pleated sheet are common 2° structures. Most globular
proteins contain regions of both 2° configurations.

Tertiary (3°) structure
Folding of the 2° structure

Aspartic acid
lonic bond

Lysine

Disulfide bond

The tertiary (3°) structure is maintained by more distant
interactions such as disulfide bridges between cysteine
amino acids, ionic bonds, and hydrophobic interactions.

A protein's 3° structure is the three-dimensional shape
formed when the 2° structure folds up and more distant
parts of the polypeptide chains interact.

Quaternary (4°) structure

Multi-unit protein Alpha chain

Beta chain

Prosthetic
(haem) group

Some complex proteins are only functional when existing
as a group of polypeptide chains. Haemoglobin (above)
has a 4° structure made up of two alpha and two beta
polypeptide chains, each enclosing a complex iron-
containing prosthetic (or haem) group.

A protein's 4° structure describes the arrangement and
position of each of the subunits in a multiunit protein. The
shape is maintained by the same sorts of interactions as
those involved in 3° structure.
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1. Describe the main features in the formation of each part of a protein's structure:

(a) Primary structure:

(b) Secondary structure:

(c) Tertiary structure:

(d) Quaternary structure:

2. How are proteins built up into a functional structure?

3. Strong chemicals and extremes of temperature or pH can disrupt the bonds in proteins. What would this do to the
protein's function and why?

09 B Investigation 3.3 Modelling protein structure

See appendix for equipment list.
Work in pairs for this activity.

1. You will need pipe cleaners with four colours. We have used 2 white, 2 pink, 2 purple, and 4 blue but you can
swap out for the colours you have. Each colour represents a different amino acid.

2. Twist a loop in the centre of each pipe cleaner (Figure 1). The twist represents the amino acid's functional
group.

3. Join the amino acids together (figure 2) by twisting their arms together in the following sequence:
1) white 2) pink 3) blue 4) purple 5) blue 6) pink 7) blue 8) white 9) blue 10) purple.

What level of protein organisation does the structure in Figure 2 represent?

4. Attach sticky tape to the loops of the purple pipe cleaners and to one arm of each of the blue pipe cleaners.
These represent places where hydrogen bonding can occur.

Figure 1 Figure 2
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5. Join the sticky tape together between amino acids 3 and 5 and also between amino acids 7 and 9 (Figure 3).

Describe what happens to the shape of the model when you do this:

What level of protein structure does this represent?

6. Attach binder clips or paper clips to the loops of the two pink amino acids and then use the clips o join the
two pink amino acids together. The clips represent a disulfide bond.

7. Join the sticky tape together on the two purple amino acids (Figure 4). Your protein has now formed its fully
functional structure.

What level of protein structure does this represent?

Figure 3 H = hydrogen bond

# /,.v ‘ib

Figure 4

4. (a) Label figure 4 to show the location of all of the hydrogen bonds (H) and the disulfide bond (S).

(b) Based on the properties of your model and its components, which of these bonds is likely to be the strongest?

5. Break the hydrogen bonds between amino acids 3 and 5, and also between 7 and 9 in your molecule.

(a) What happens to the shape of the protein?

(b) What process does breaking these bonds represent?

(c) What effect will this process have on the protein's ability to carry out its job?

6. How could you adapt your model to demonstrate quaternary structure?

©2022 BIOZONE International
ISBN: 978-1-98-856655-9
Photocopying Prohibited

111



71

Key Idea: The three dimensional shape of a protein reflects
its role. When a protein is denatured, it loses its functionality.
As we have seen, a protein may consist of one polypeptide
chain, or several polypeptide chains linked together. Hydrogen
bonds between amino acids cause the polypeptide chain
to form its secondary structure, either an a-helix or a

The shape of a protein reflects its biological role

Channel proteins

Proteins that fold to form channels in the
plasma membrane have non-polar R groups
facing the membrane and polar R groups
facing the inside of the channel. Hydrophilic
molecules and ions are then able to pass
through these channels into the interior of
the cell. lon channels are found in nearly all
cells and many organelles.

Enzymes

Protein denaturation

When the chemical bonds holding a protein together
become broken the protein can no longer hold its
three dimensional shape. This process is called
denaturation, and the protein usually loses its ability
to carry out its biological function.

There are many causes of denaturation, including
exposure to heat or pH outside of the protein's
optimum range. The main protein in egg white is
albumin. It has a clear, thick fluid appearance in a
raw egg (right). Heat (cooking) denatures the albumin
protein and it becomes insoluble, clumping together
to form a thick white substance (far right).

Enzymes are globular proteins that
catalyse specific reactions. Enzymes

that are folded to have polar R groups
facing the active site will be specific for
polar substances. Non-polar active sites
will be specific for non-polar substances.
Alteration of the active site by extremes of
temperature or pH cause a loss of function.

Protein Shape is Related to Function

B-pleated sheet. The interaction between R groups causes
a polypeptide to fold into its tertiary structure, a three
dimensional shape held by ionic bonds and disulfide bridges
(bonds formed between sulfur-containing amino acids). If
bonds are broken through denaturation, the protein loses its
tertiary structure, and its functionality.

B chain
= Cys
ys
o) " Thr
Glu
X Ser
Leu o chain s
lle
Cys
Leu | Ser

Sub-unit proteins

Many proteins, e.g. insulin and
haemoglobin, consist of two or more sub-
units in a complex quaternary structure,
often in association with a metal ion. Active
insulin is formed by two polypeptide chains
stabilised by disulfide bridges between
neighbouring cysteines. Insulin stimulates
glucose uptake by cells.

Cooked (denatured)
egg white

Raw (native) egg white

1. Using the example of insulin, explain how interactions between R groups stabilise the protein's functional structure:

2. Why do channel proteins often fold with non-polar R groups to the channel's exterior and polar R groups to its interior?
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/3 Comparing Globular and Fibrous Proteins

Key lIdea: The very different structure and properties of soluble in water. Fibrous proteins have an elongated
globular and fibrous proteins reflect their contrasting roles. structure and are not water soluble. They provide stiffness
Proteins can be classified according to structure or function.  and rigidity to the more fluid components of cells and tissues
Globular proteins such as enzymes are spherical and and have important structural and contractile roles.

Globular proteins

Properties Functions
¢ Easily water soluble e Catalytic, e.g. enzymes
e Tertiary structure critical to function e Regulatory, e.g. hormones (insulin)
e Polypeptide chains folded into a spherical shape e Transport, e.g. haemoglobin

e Protective, e.g. immunoglobulins (antibodies)

Insulin RuBisCO Haemoglobin

Insulin is a peptide hormone RuBisCo is a large multi-unit Haemoglobin is a multi-unit oxygen-
involved in the regulation enzyme. It catalyses the first step of transporting protein found in vertebrate red
of blood glucose. Insulin is carbon fixation in photosynthesis. blood cells. One haemoglobin molecule
composed of two peptide It consists of 8 large and 8 small consists of four polypeptide subunits. Each
chains linked together by two subunits and is the most abundant subunit contains an iron-containing haem
disulfide bonds. protein on Earth. group, which binds oxygen.

Proteins as catalysts X

> Globular proteins act as catalysts for important biological \\/ b s
reactions. In this capacity they are enzymes. '

) The polypeptide chain folds to produce a site where the

reaction occurs. This is called the active site. R

) Substrates (chemicals that will react) are drawn into the active

site. The reaction occurs, and the products are then released.
Glu213
» The enzyme is not used up in the reaction but is free to react p

again. Enzymes are typically named with the suffix -ase after
the substrate they work on. For example, RuBisCo's full name
is Ribulose-1,5-bisphosphate carboxylase-oxygenase.

| I His300
\ Xy F 2
_» e @ I

His302

Ericlin1337 CC4.0

bl

The active site of RuBisCo shown with CO,, in position

1. What are the functional roles of globular proteins?

2. Why is RuBisCo one of the most important proteins on Earth?

3. How does the shape of a catalytic protein (enzyme) relate to its functional role?

4. What type of protein is haemoglobin?
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Fibrous proteins

Properties Functions
e Water insoluble e Structural role in cells and organisms e.g. collagen
o Very tough physically; may be supple or stretchy in connective tissues, skin, and blood vessel walls.
 Parallel polypeptide chains in long fibres or sheets * Contractile e.g. myosin, actin (muscles)

Hydrogen bond

Collagen space filling model

The collagen molecule consists of three polypeptides wound together to form a helical
‘rope’. Every third amino acid in each polypeptide is a glycine (Gly) where hydrogen
bonding holds the three strands together. Collagen molecules self assemble into fibrils
held together by covalent cross linkages (below). Bundles of fibrils form fibres.

s =

Glycine

Many coll!';lgen molecules form Covalent cross
fibrils and the fibrils group links between the
together to form larger fibres. collagen molecules.

)

S et 7 P S i IS
+ Rhinoceros horn is keratin

Christian Schmelzer CC4.0

B e :
. Collagen fibres

Collagen is the main component of Keratin is found in hair, nails, horn, hooves, ~ Elastin is found in the extracellular matrix

connective tissue, and is mostly found in wool, feathers, and the outer layers of the and connective tissue. It allows tissue

fibrous tissues such as tendons, ligaments, skin. The polypeptide chains of keratin are to stretch, contract, and reform. ltisan

and skin. arranged in parallel sheets held together by ~ important component of your skin, helping it
hydrogen bonding. reform its shape as you move.

5. (a) What is the role of proteins involved in structural tissues? Give examples to help illustrate your answer:

(b) How does the shape of a fibrous protein relate to its functional role?

6. What level of protein structure does collagen have?

7. Snake venom is a cocktail of proteins. Some snake venom is so toxic a single bite can kill a human in less than a hour.
Some of the proteins act to break down the victim's proteins. What functional group do these kinds of proteins fit into?

©2022 BIOZONE International
ISBN: 978-1-98-856655-9
Photocopying Prohibited



73

Key ldea: Proteins carry out the essential functions of life and
have structural, catalytic, and regulatory roles.

In eukaryotic cells, most of a cell's genetic information (DNA)
is found in a large membrane-bound organelle called the
nucleus. DNA provides the instructions that code for the
formation of proteins. The nucleus directs all cellular activities
by controlling the synthesis of proteins, which carry out
most of a cell's work. A cell produces many different types

The nucleus is the control centre of a cell

The DNA within the nucleus
carries the instructions

for the cell's structure and
function. This involves
producing proteins.

Ribosomes are made in the
nucleolus (a dense region
within the nucleus).

[=] g [s]
O]

Proteins are made outside the
nucleus by ribosomes. These
may be free in the cytoplasm
or associated with the rough
endoplasmic reticulum (rER).

Protein Functional Diversity

of proteins, each with a specific task. Proteins have roles in
structure, function, and regulation of the body’s cells, tissues,
and organs. Without a full complement of functional proteins,
a cell can not carry out its specialised role. All of the proteins
encoded by an organism's DNA is called its proteome. The
proteome is larger than the genome because, as you saw
earlier, cells are able to produce many different proteins from
one set of instructions.

Nucleus Genes (.slections.of DNA) code
g for specific proteins. A cell can
' \& y control the type of protein it
g ) makes by only expressing the
R genes for the proteins it needs.

The double-layered nuclear
membrane has pores to
allow materials to move
between the nucleus and
the cytoplasm.

Microtubules made of protein
form the cell's internal
skeleton. This includes the
centrioles and spindle fibres
involved in cell division.

A generalised animal cell

» While a generalised cell produces a range of proteins, some cells in the body are highly specialised to produce large amounts of
a specific protein. This specialisation defines their functional role. Three examples are pictured below.

Jakob Suckale cc 3.0

T

Cells within specialised regions of the
pancreas produce and release the protein
hormone insulin. Insulin (red in photo)
helps to regulate blood glucose.

Fibroblasts are specialised cells that
continuously produce and secrete the
materials that form connective tissue,
including the protein collagen.
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SubtleGuest cc 2.5

B lymphocytes (B cells) are white blood
cells that are specialised to produce and
secrete proteins called antibodies, which
protect the body against diseases.

1. Suggest what might happen to a protein's functionality if it was incorrectly encoded by the DNA. Explain your answer:

2. The following pages show six pictograms of proteins in action, six protein functions, six protein examples, and six
photographs. These are not in any matched order. Cut out the 24 boxes and paste or tape them into the grid on the next
page so that each pictogram is matched with its correct function, example, and illustrative photograph.
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PICTOGRAM

FUNCTION

EXAMPLE

PHOTO EXAMPLE
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PICTOGRAM FUNCTION

QP T ___
IN O, released 4 | Internal defence

Antibodies (also called
immunoglobulins) are
'Y' shaped proteins
that protect the body
by identifying and
killing disease-causing
organisms such as
bacteria and viruses.

L e e e e e e e e — =

-

Catalytic

Thousands of different
chemical reactions take
place in an organism
every minute. Each
chemical reaction is
catalysed by enzymes.
The word-ending 'ase'
indicates an enzyme.

Fkieptor

protein

EXAMPLE

:: Immunoglobulin A
:: IgA is found in the gut
;1 and airways. It destroys
11 disease-causing

I organisms growing in

|| these areas.

1

PHOTO EXAMPLE

:: Actin & myosin

:: Two proteins that work

, together to bring about
11 contraction (movement)
I"in all the muscles of the
:: body, including those

;1 that work without your

Il awareness.
I
I
I

Regulation

:: Haemoglobin

Collagen fibre

Regulatory proteins such :: A protein found in red
as hormones act as signal;, blood cells. It binds
molecules to control 11 oxygen and carries

coordinate responses in || delivering it to cells.
cells, tissues, and organs. |,

s
o

‘

Enzyme

catalyses
breakdown of
I substrate

Contraction

Q
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Movement

Contractile proteins are
involved in movement
of muscles and form
the internal supporting
structures of cells.

Transport

Proteins can carry
substances across
membranes or around
the body. In the blood,
they transport and
store oxygen. In cell
membranes they help
molecules move into
and out of cells.

Structural

Structural proteins
provide physical support
or protection. They are
strong, fibrous (thread
like) and stringy.

:: Collagen

"' Found in the skin and

;1 connective tissues,

11 including bones, tendons,
II"and ligaments. It is the

|, most abundant protein in
11 the body.

:: Oestrogen

:: A hormone that is

., critical for reproduction
11 in females. Oestrogen

Il levels increase during

|| pregnancy to maintain a
11 healthy pregnancy.

I

:: Amylase

:: An enzyme that breaks
;1 down starch into sugars
11 in the first stage of

I digestion.
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Key Idea: The modification of proteins allows the cell to
specify their use and final destination.

Proteins may be modified after they have been produced
by post-translational modification. Two important
modifications involve adding carbohydrates or lipids to the
protein. Glycoproteins are formed by adding carbohydrates
to proteins as they pass through the rough endoplasmic
reticulum (rER) and Golgi. The carbohydrates may help

Cleaving: Polypeptide chains may

be cleaved to give smaller chains,

which then fold or join to give the —0
functional protein. An example is

human insulin which is transcribed

a4

as one long polypeptide chain .3,; ;‘
which is cleaved to form two },-._
shorter chains that form the 1{

functional protein.

Glycosylation (adding
carbohydrate groups): This is used
to add an ID tag to the protein

that will allow the cell to recognise .’(
its use and where it is to be )‘ 3’:
transported (2a). The resulting ’x

glycoprotein may be used in

the cell membrane or secreted.
The carbohydrate tag may help
position the glycoprotein within the
membrane (2b).

—O &

Phosphorylation (the addition

of phosphate groups) takes place %«\

in the Golgi. It may contribute to o
the protein's three dimensional
structure or help with cell signalling.

o>

How Are Proteins Modified?

position and orientate the glycoprotein in the membrane,
guide a protein to its final destination, or help in cell-to-cell
recognition and cell signalling. Other proteins may have fatty
acids added to them in the rER to form lipoproteins. These
modified proteins transport lipids in the plasma between
various organs in the body (e.g. gut, liver, and adipose
tissue). Other common post-translational modifications
include degradation, cleavage, and phosphorylation (below).

3

Lipid attachment: Proteins may

have lipids attached to them o
which anchor the protein to the

plasma membrane.
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Degradation: Some polypeptide
chains may be tagged for _e
degradation when they are no
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