Express Publishing



b
- ‘lf
iy
&
{;_-:'/' |
.
]
lji::-f*?
i
i
Q
b j
~F
B
¢ "‘-«."'\;..l.-
P

L, l.:i"al
= ¥
)y

RO Gird S8 Contingd 1 @.

Michael O'Callaghan
Carol Cronin
Sandra Tiernan
Yntyk Shayakhmetova
Yelena Dyakina

-

Express Publishing

TWIE SN P



Published by Express Publishing 1
Liberty House, Greenham Business Park, Newbury,

Berkshire RG19 6HW, United Kingdom &
Tel.: (0044) 1635817 363
Fax: (0044) 1635 817 463 Q
email: inquiries@expresspublishing.co.uk
www.expresspublishing.co.uk Q
&

Exclusive Distributors ‘\r
LLP'EDU Stream’
104 Bogenbai batyr, 050002 Almaty, Kazakhstan Q
Tel: +7(727)293 B85 89 - +7(727)293 94 20
Mobile: +7701 720 5916 %

[ ]
© Express Publishing, 2018 ‘\’
Design and lllustration © Express Publishing, 20138 :\

First published 2018

Printed in Kazakhstan

All rights reservad, Mo part of this publication may be re ced, stored in a retrieval system, or transmitted
in amy form, or by any means, electronic, photoco or otherwise, without the prior written permission of
the publishers. %

This book is not meant to be changed in any «%

I5BM 978-1-4715-7525-9 @

Acknowledgements ‘y

We thank EDU 5tream for phm@ple and translations,
While every care has been taken to trace and acknowledge copyright, the publishers tender their apologies

for any accidental infrin ere copyright has proved untraceable, They would be pleased to come to a
suitable arrangementWith the'rightful cwner in each case.

e
Ky
Q

ENOL Gird S5 Contindd 2 @ WWIE SZIPM



Contents

Introduction ... oo e e s Q 4
&

Module 1: Cells and the diversity of living organisms

Module 2: The Biosphere and Ecosystems ...

Module 3: Human nutrition ...

Module 4: Transport in plants ..........

Module 5: Respiration and Excretion ..

NO:Q

N
N
Y

Module 6: Regulation and HespnnseQ

Module 7: Molecular Biology and t@ll Cycle

Module 8: Heredity and \fariatic@

Module 9: Eiutechnnln%d Biophysics ..

Module 10: Mu uleQﬂmment

Module 11: ; productlon
Module 12: utionary development ...

&
Glosié

A
Q

ENOL Grd 83 Conlingd 3

25

42

58

65

91

104

128

134

139

157

168

TAWIA SEFM |



Introduction

For the student

Welcome to your new Biology textbook, Grade 9 Biology. Your textbook comes with a Gra
Biology Student's Portfolio and a range of digital resources. This book will build on your prew dus

S,

learning of Biology by helping you to understand the world around you. It aims to d

learning skills in science. You will develop these skills yourself while also learning ': ur teacher

and your fellow students.

Glossary )
A comprehensive Glossary for the Textbook and Student’s Portfolio boo %Iuﬂﬂd at the back of

this book. d %

For the teacher
Written for the new Grade 9 Biology subject programme in -'=:'-.
students a sense of enjoyment and an interest in the IE@F science. The book is based on the
Grade 9 Learning Objectives in the Grade 7- 9 Biology sub

hstan, Grade 9 Biology aims to give

programme document. It develops

students’ knowledge of and about science throu four content and skills strands described
@® in the Biology subject programme and hig hhghted ghout the text using four different logos
{understanding science, researching and e:pe ing in science, communicating in science, and

science and society),
ﬁ 6 @ é

® Learning outcomes are stated
® Keywords are listed at thi
important new terms

hF. beginning of each module in student-friendly language.

it of each module to allow students to become familiar with

@ Activities allow stu build on their knowledge by completing research.

Been fully labelled and are drawn in a simple style so that students can replicate

| EIOL Gird S5 Contindd 4 @. WWIE 63 PM



@ The language used is clear and simple to allow for use by students of varying reading Ieue"l?s;; 4
4

® Simple and helpful logos are used throughout to enhance student understanding. . "':’-‘,;:f;_ .
: N % Corresponding
| Activity @ page in Student’s J Key PN,
— : Portfolio —d )
.7::::':" a
\ \ » N 4
y/ Question J Group work ) ;-;_:Jﬁesearch

Student’s Portfolio

The Student’s Portfolio provides additional material, activities and tasks 'ﬁiﬁ"
portfolio book enables students to maintain a record of specific actl%
and reflect on their learning, as well as focusing on key words a%ﬂsl%}rafacts,
through mind maps and comprehension and recall activities, Il;,pls:} é’éntains
ternplates for self-assessment and peer assessment. This h‘ﬁ‘o&s{

conjunction with the Textbook. Ny

Teacher’s Book

The Teacher's Book works in conjunction with tlpTextEmk and the a
Student’s Portfolio book by providing: ”fq_t;

® An outline of the Grade 9 content andl"ﬂi[’lgprinrities in the subject
programme ' 4
@ Learning outcomes for each mothh explanations of how they are
incorporated into lessons °
@ Information on topics, qusﬁguo\ns and research ideas that can be used to
enhance the students’ Iem’hgmﬁ
® Answers to all studenﬂguemms in the Textbook and Student’s Portfolio book

® Outlines of d|g|tal résolhf'es for each module and suggestions for integrating them into
classroom wqxﬁ F XS

® Suggestions {}f m assess student activities with assessment templates

® Arangeof cther&information and suggestions to support teachers in the delivery of the new
course _ "ri»}

® Key slt.ﬂs;fm,érac:.r and numeracy linked to relevant modules

L] Guid@mn:e for the teacher through the module

[ ] !@@H&m al activities and research activities

ENOWL Gird Sis Contindd 5 @. WG 5-nm|



Digital resources ‘\’
The Grade 9 Biology digital resources will further enhance classroom learning. These resources ha

been designed to integrate with the Textbook and to complement lessons suggested in the Tea ch‘gr‘s

Book. Following the principles of the new national Biclogy subject programme, material i ided

to suit a range of learner types and to encourage participation and engagement on the pme

student.

A series of videos allows students to observe science in action across all module ese videos
reinfarce the topic at hand and allow for other perspectives, which may be discussed’in class.
Similarly, a series of videos about scientist biographies presents a lively o develop
students’ interest in science and initiate student-led research.

Further classroom discussion and participation is opened up throug P&oint presentations,
including a thematic presentation of information from the Text k&
a visual review of activities carried out in the classroom, Extra &ent material is provided to

support teachers in carrying out a range of oral and written, f tive and summative assessments.

riment videos allow for

Guidance for integration of digital resources in the classr is provided by the digital resource
symbol used throughout the Textbook, as well as the F&l of detailed notes and suggestions in

the Teacher's Book, Q

| BIOL Gird S5 Contirdd 6 @ WWIE SZIPM
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Laboratory safety rules for pupils . 4
ator

The following rules are enforced to keep you and your classmates safe while in a school labor.

. Do not enter the laboratory without permission.

1

2. Do notuse any equipment unless permitted to do so by your teacher.

3. Make sure you know exactly what you are supposed to do. If in doubt, ask your teacher.

4

. Make sure you know the position of all safety equipment in the laboratory, e.g. the fire
extinguishers, first aid equipment etc.

&

Always wear eye protection or gloves when instructed to do so. ﬁy
Long hair must be tied back during practical classes.

Place your bag and other personal items safely out of the way. Q
Mever handle any chemicals with bare hands.

Mothing must be eaten, tasted or drunk in the labaratary, %

Any cut, burn or other accident must be reported at once to your t
Always check that the label on the bottle is exactly the same as Nﬂr you require. If in doubt, ask

—
=g ME 40 W LA

=l

your teacher.

12, Any chemical spilled on the skin or clothing must be wash with plenty of water and reported to
your teacher. %e

13. Test tubes should never be overfilled. When heating a I@ensum that the mouth of the test tube is
pointed away from you and everyone else,

14. All equipment should be cleaned and put back i rrect place after use.

15. Always wash your hands after practical work.

16. Students should behave in a responsible man%all times in the laboratory.

Safety labels %
The following labels appear on bottles inthe laboratory. They also appear on many everyday
chemicals such as cleaning products a Ivents. These labels indicate chemicals that could be

dangerous if not used or handled%&rly. We use these warning symbols on activities in this book.

_ g Subst
Toxic
&

ces which can cause death if they are swallowed, breathed in or

hrough the skin. Example: weedkiller.

G Sybsta which should not be eaten, breathed in or handled without
i . Though not as dangerous as toxic substances they may cause a
rash, sickness or an allergic reaction.
substances which provide oxygen, allowing other materials to burn more
Oxidising

intensely. Example: hair bleach.

Highly |
i Substances which easily catch fire. Example: petrol.
flammable
Substances which attack and destroy living tissue, including skin and eyes.
Example: oven cleaner,

unexpected.

Wear safety glasses to protect your eyes.

8

Corrosi &
é . This sign is used to draw attention to a waming of danger, hazards and the

TR S P



GLOSSARY

T

taxonomy The science of classifying
organisms.

tendons Strong, flexible, inelastic fibres that
connect muscle to bone,

theory A hypothesis that has been supported
by many different experiments.

testis (plural: testes) The organ in a male that
produces sperm.

threshold The minimum stimulus needed to
cause an impulse to be carried in a neuron.
tissue culture The growth of cellsinoron a
sterile nutrient medium outside an organism.
tissue A group of similar cells that are
modified (or adapted) to carry out the same
function(s).

transcription The copying of a sequence of
genetic bases from DNA onto messenger RNA
{mRNA).

transformation The uptake of DNA into a cell.
translation The conversion of a sequence

translocation The movement of sugars
produced in the leaves to other regions o
plant.

transpiration The loss (by evaporati
water vapour from the leaves and ot rial

parts of a plant.

triplet (or codon) A sequence D@ bases
in DNA (or RMA) that act as a ode for an

amino acid.
trophic level A feeding in a food chain.
tropism A change in tQ\h of a plant in

response to an extemnal stimillus.
tuning fork A tw ed steel device which

vibrates whemstruck,
turgor (or r pressure) The outward
pressure of t aplasm and vacuole against

the cell wall of a plant.

&
KN
asound Sound or other vibrations having
trasonic frequency, particularly as used

edical imaaging (ultrasound scan in

E pregnancy).

176
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ultrastructure The detail of a structure as s
using an electron microscope. %
umbilical cord A tube connecting the baby (

the navel) to the placenta, o

uterus The womb. Q
vaccination The adminﬂ@ally by

injection) of a non-disease- ing dose
of a pathogen (or its tosin) to stimulate the
production of ant%

vaccine A non disease-causing dose of a
pathogen (or it %, which triggers the
preduction,of antibedies.

vacuoles M ne-bounded compartments
that s t the cell and store substances
such as foodifrastes and water. Mostly found

in lis.
vag uscular tube in females leading to

terus.
Control the direction of blood flow.

of genetic bases on messenger RNA into a
sequence of amino acids. Q

variable A factor that may change in an
experiment.

variation (within a species) In a group

of successfully interbreeding organisms

the individual members show different
characteristics.

vertebrate An animal that has a backbone or
spinal column.

vibration An oscillation of the parts of a fluid
or an elastic solid whose equilibrium has been
disturbed or of an electromagnetic wave.
virus The smallest type of micro-organism,
normally cause a disease.

w

wilt (of a plant, leaf or flower) Ta become
limp through heat, loss of water or disease; to
droop.

X

xylem The vascular tissue in plants which
conducts water and dissolved nutrients
upwards from the root and also helps to form
the woody element in the stem.

TIWIR SN PAM



MODULE

Learning outcomes
At the end of this module you will be able to:

@ Explain the basic functions of the components of plant and animal cellsisazr

® Calculate a linear increase in cells using microphotography (5422

® Recognise and use classification nomenclature when describjng différént species (211
@

Recognise plant and animal species by their different features [ 953

-

‘f/}' Keywords %
v genetics ' cell wall v vacucle + cytoplas cell membrane

f

d Q magnification

v cereal + crops @
¢ perennial ¥ genus ' species arasite " metamorphosis

' chloroplast + nucleus «" mitochol
+ scale bar + inflorescence « noxious weed

A

Cells

Cells are the basic building blocks of lifel THe human body alone is believed to be made up of
100 trillion cells, while the simplest organisms such as bacteria, protozoans and some fungi

are composed of just a single cell (unicellular).

Animal cells
When viewed under a light microscope, animal cells can be seen to contain a cell membrane,
cytoplasm and a ngicleus, The nucleus is the control centre of the cell, Animal cells contain

many other arganellesbiit these are only visible with an electron microscope.

— - F'L B k.
P b v i oy
—, ¥
| P _,-'/ hY f o *
| ' II' / ‘\\\.___ E T. ‘ &
| __.:{':I. . I --\'. ,.-'" ¥ -.l. 1
= U/ 3 + % ®
\ . 4 ; . .
Hueleus— . 1"-| g 1 4 ' ' ¥
) LA w ; _aad
Cytoplasm— | Cell membrane - * & K
o - o = |
Figure 1.1 Animal cells Figure 1.2 Human cheek cells viewed through.a

light microscope
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MODULE 1 CELLS AND THE DIVERSITY OF LIVING ORGANISMS

Plant cells :

Plant cells have a number of additional features that animal cells do not. Plant cells in:!udek
cell wall, a large vacuole and chloroplasts.

Figure 1.3 Plant cells s Figure 1.4 P@s viewed through a light
mfcrosiape

Cell structure ‘\‘:’

Nucleus
Both plant and animal cells have a membran&hnums which is compoased of a

substance called chromatin. Chromatin is a mix@rﬁm and protein. When a cell begins to
divide, the chromatin condenses into structures called chromosomes. Chromosomes contain

genetic instructions in the form of genes ntral the functions of the cell.

division and cell function.

A chromosome is a thread-|i re of DNA and protein found in the nucleus of
most living cells and carrying g information in the form of genes.

Decxyribonucleic acid (DNA] is m@et code that controls cell growth, cell

Chromatin

= Gene 1
= Gene 2
= Gene 3

=Gene 4
mGene 5

Nucleolus

é Chromosome
é Figure 1.5 Nucleus and chromosome

EIOL Gird S5 Mad 1 ined 10 @ WWIE B4 PM



MODULE 1 CELLS AND THE DIVERSITY OF LIVING ORGANISMS

3"

A eukaryotic cell is a cell containing a membrane-bound nucleus that holds genetic
information, and other membrane-bound organelles (e.g. mitochondria and
chloroplasts).

&

Cell wall and cell membrane

Plant cells have a porous cell wall that surrounds the cell membrane. It is co mpused%d
on dioxide

and many other particles. The purpose of the cell wall is to strengthen and protect the plant

cell. In addition, the cell wall prevents the overexpansion of plant cells WHT&FS the

plant cell by osmosis. Plants require the mineral calcium for the production of healthy cell

walls, Animal cells do not have a cell wall, &

carbohydrate called cellulose. The cell wall is fully permeable to water, oxygen,

Both plant and animal cells have a cell membrane. Cell nn«en'n.I‘::nranrn-e.l:r everal functions:
they hold the contents of the cell, provide shape and support WII and control what
substances enter and leave the cell. Cell membranes are selectively permeable, allowing IE'%J-L
same molecules (water and oxygen) to move freely acros oW
them. Some larger molecules require energy to move th %*4 s

across the cell membrane. Cell membranes are also o Y
known as plasma membranes,

Cytoplasm
The cytoplasm consists of a watery fluid called %‘Zﬂ in which all of the cell’s arganelles are
suspended. Many cell activities (protein synthesisFand reactions (glycolysis) take place in the
cytoplasm of the cell. The cytoplasm also @o maintain the shape of the cell.

Mitochondria and chluruplasQ)

Both plant and animal cells conta ?D(hund ria. Mitochondria are often known as the
power houses of the cell because they play a major role in the release of energy from glucose
during respiration.

Cristae ey ; 3
F& Mitachondria Figure 1.7 Mitochondria viewed through an electron
micrescope

&uplaﬁts are found in plant cells only. They contain the pigment chlorophyll and their
function is photosynthesis.

ENOHL Gird Sia Mad 1 inad 11 @ WE wm|



MODULE 1 CELLS AND THE DIVERSITY OF LIVING ORGANISMS

(A

Figure 1.8 Chioroplasts Figure 1.9 Chlctplasts viewed through

an elec jcroscope

Both mitochondria and chloroplasts are only visible using af ﬂectmn microscope. They are
both membrane-bound organelles and they both contain their own DNA.

provide extra support to plant cells and can be the storage of sugars and salts.

Vacuole Q
Plant cells have large vacuoles, whereas animal cel:g have'much smaller vacuaoles. Vacuaoles

Ribosomes

There are millions of ribesemes in every.gell, They are composed of RMA (ribenucleic acid) and
protein. They are invalved in the synthe protein,

Table 1.1 The functions of cell conte

Cell wall gthens and protects the plant cell

Cell membrane &cntmls the passage of substances into and out of the cell
Mucleus Controls centre of the cell, cell division; contains DNA
Cytoplasm Q

Fluid contains cell organelles
Mitochondria * Respiration

Chioropl Contain chlorophyll; photosynthesis occurs here
Large vac Frovide support; used for storage of dissolved substances
Rllbummes. Protein synthesis
Ta& The main differences between plant and animal cells
ant cells have a cell wall Animal cells do not have a cell wall
t cells have alarge vacuole Animal cells have small vacuoles

E ant cells have chloroplasts for photosynthesis ~ Animal cells do not have chloroplasts

| EROL G 58 Mad 1mad 12
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MODULE 1 CELLS AND THE DIVERSITY OF LIVING ORGANISMS

0O

1.1 The diagram shows the main parts of a plant cell.
The cell membrane is already labelled.
(a) Identify parts labelled A, B, C, D and E.
{b) Inwhich part are the chromosomes found? ) -
{¢) What is the function of chromosomes? ' -
1.2 Draw a diagram of a simple animal cell (e.g. cheek e
cell) as seen under a light microscope. Label any ‘ﬁ ~—~)
three parts. ~  Figure 1.10
1.3 State two differences between plant and animal cells.
1.4  What term is given to cells that have membrane-bound genetic material and organelles?
1.5 Explain the function of each of the following in a plant or anjmal m

(a) Cell wall (c) Mitochondria ‘? Cytoplasm
(b) MNucleus (d) Chloroplasts (f] Vacuole.

Magnification under a microscope o'

Calculating magnification and size uf%smpe images
IC

In calculating the size of images seen under thq' roscope and their magnification we

commaonly use two units of measurement; the etre urm and the nanometre nm.

x 1000

< + 1000
‘é / Tanometre™
s
o

" Figure 1.11 Caleulating the size of images using pm and
& nm units of measurement

ENOHL Gird Sis Mad 1 inad 13 @ WE uq-iu|



MODULE 1 CELLS AND THE DIVERSITY OF LIVING ORGANISMS

3"

Figure 1.12 represents the relationship between the three terms typically involved in such
calculations. *:‘

&

Image size
(pm)

Actual size (um) x Magnificatio

o % )

&
Figure 1.12 Calcwlating magnification and size afigicroscope images

image size = actual size x mamliun
magnification = image size -J-etual size

000

1.6  What equation would you use to wﬂ the actual size of something if you were
® :
given magnification and image s

e e et E T T L _F_1 MHMJ-A.I_HE o S e g . e e . . e e i, .

L

To calculate magnification of an im ch as Figure 1.13 you need to follow three basic

steps:

Step1 - Takearulerand ea@th& length of the scale bar in mm.
Step 2 - Convert thism ent into the units on the scale bar.

Step3 - Usethesew in the equation.
magnification= image size
9 ~ actual size

& *
&igure 1.13 - _
Calculating
:ié a magnified 4
image using
scale bar o o

| BIOL Girk S5 Mod 1 nexd 14 @ WWIE B4 PM




MODULE 1 CELLS AND THE DIVERSITY OF LIVING ORGANISMS

1.7 Calculate the actual size of these human
cheek cells,
1.8 Calculate the magnification of this image.

Figure 1.14 Ca size of
human cheek cells

LA S S A S SR EEBESASBEESEEEBEBBEBREES BB BRI S - S

The Plant Kingdom (Plantea)

Itis thought that plants evolved from green algae about 500
million years ago. The evolution of plants allowed life to exjst
for the first time on land.

The major groups of plants are mosses, ferns and seed- @

such as grasses, cereals, flowers and many trees,

(4)

Flowering plants camprise the greatest numhe%la nt
species (about 250 000), compared with a%ﬂ 000 species
for all the other types combined.

Figure 1.15 WildTowers

The emergence of plants on land pmv@nnd for the animals that were to evolve soon after

them on land, %

Main features of plan

@ They are complex, multicellula
arganisms. \

® They are non-motile,

. : ® They reproduce asexually and sexually.
® They are pho etic. ® They protect the embryo for a time
@ Their cell walls aréynade of cellulose. within the structure of the parent plant.

® Their cells often &mntain large vacuoles,

Idemiiﬁlant families

Familf’\Gramineae
Gram
sétimated 10,000 species. This family contains productive perennial ryegrass varieties Lolium
pere Ine (used for grazing, hay and silage), and cereals such as wheat (Triticum aestivum),
barley (Hordeum vulgare) and maize (Zea mays), which are mainly used as animal feeds. All the

is the most important plant family in agriculture and it is a very large one with an

ENOWL Gird Sis Mad 1 inad 15 @. WG 5:}4m|



MCDULE 1 CELLS AND THE DIVERSITY OF LIVING ORGANISMS

members of this family are monocots, having one cotyledon in the seed. The part of thegrqﬁs

[
i,

plant commaonly referred to as the flower is composed of many florets (small flowers)

contained in a structure called the spikelet. The florets contain the stamens and the carpel, )
The members of this family can be distinguished from each other on the basis of thm;;x "
inflorescence, )"1

Inflorescence is the fixed arrangement
of spikelets on the stem.

Spikpint

Grasses have three main types of

inflorescence: raceme, panicle and spike.

Each describes how the individual spikelets are

attached to a central axis known as the rachis. Raceme
In the raceme and panicle inflorescences, the o A‘}ﬁ

individual spikelets are attached to small ag@te 16 Grass inflorescence
.

=

branches that are attached to the rachis, In the - 4
spike inflorescence, the spikelets are attached dimﬁi@ﬁe rachis.

The inflorescence of perennial ryegrass and i
Italian ryeqrass is a spike. Italian ryegrass can © %
be distinguished from perennial ryegrass I;f

the presence of awns. ™
4
i

Wild oats is a noxious weed in tillage cr@?‘g
is highly competitive, multiplies rapidly l;c:w
produce large numbers of seeds, a@é}a host
for a number of cereal dnseasesﬁlr‘g barley
yellow dwarf virus) and is dlfﬁcﬁm control in 0
cereal crops. It has an open= pched panicle
inflorescence with splclim held out on the branches.

Figure 1.17 Perennial ryegrass

Figure 1.19 Wild ouars

Moxious weeds are unwanted plants that grow aggressively, multiply quickly and are
difficult to control. Some noxious weeds are poisonous to livestock, e.g. ragwort.

| EIOL Gird S5 Mad 1 ined 16 @. WWIE 624 PM



JDULE 1 CELLS AND THE DIVERSITY OF LIVING ORGANISMS

Annual meadow grass is an annual or short-lived perennial, It is often in flower even at short . 4
heights and tends to form small tussocks, Its inflorescence is a branched and spreading ":" v
panicle with small spikelets. This grass is commonly found on acid sails,

Cocksfoot is a common perennial grass faﬁ
in permanent grassland. Its inflorescence |§rk"’ -3
triangular-shaped panicle with green r@\
purple-tinged spikelets. ® Q““?

'\.

Meadow foxtail and timothy hau; sifiilar
inflorescence and are oﬁemsmd with
each other. Both have a compaﬁd panicle
that looks like a spike, Mé@d@a foxtail has soft
awns along the side ﬂ' the seed head, making
it appear fuzzy H;E a foﬁ?taul When
comparing the two species side by side, the inflorescence of timot ? roughly twice the

Figure 1.20 Cocksfoot

length of the inflorescence of meadow foxtail,

4
Family Compositae (also Iﬂﬁwn as Family Asteraceae)

This is the largest plant famﬂﬁammg many grassland weeds (e.q. daisy, dandelion and
ragwort) and commercial mps‘ﬂg. sunflowers). The flower heads of these plants are
compaosed of many indiyi -ﬂowers all sharing the same receptacle. The individual flowers
are so densely arram&d thahhe&r resemble a single flower. Members of the Compositae
family use wind d&;@ﬁa}m disperse their seeds,

Ragwort is a noxious vﬁfed and is poisonous to cattle and horses, Sheep can tolerate some
ragwort. It is ngt usually grazed by livestock; however, care must be taken to ensure that this
weed is nc;fﬁ@@borated into silage as livestock selectivity is reduced and animals will eat it.
Ragwortis a b‘@n nial plant. In its first year it can be identified as a rosette: a cluster of leaves in
a c:r;:igrm In its second year it produces yellow flowers in late spring, which can produce
tha o of seeds that are mainly dispersed by wind.

elion is a common perennial plant of permanent grassland. It produces yellow flowers
early summer until October and a single flower head produces an average of 180 seeds.
Dandelions can be difficult to remove, since they have a long tap root which has the ability to

regenerate if broken. The dandelion plant lives through the winter as a rosette.

ENOL Gir Sia Mad 1 nad 17 @. WG 5-24m|



MCDULE 1 CELLS AND THE DIVERSITY OF LIVING ORGANISMS

° Figure 1.25 Dandefion Rowers % Figure 1.26 Dandelion rosette

Spear thistle is alse a member of this farmly and 1573'156 listed as a noxious weed. Spear thistle
is a biennial and can be a serious problernﬁ grhssland and in tillage crops. It can produce
large numbers of seeds that are dnspe:sed by‘a'ignd

a0 i
@ 0‘ { o./ 'l
| g

1.9  Identify the plant family to w@each of the following belongs:
(a) Ragwort @ () Italian Ryegrass (e) Spear thistle
(b) Wild oats (d) Dandelion

1.10 Grasses are identiﬁeﬁcheir inflorescence. Explain the term inflorescence.

1.117 The common wi {Avena fatua) is described as a noxious weed.
(a) Give threer why this weed is considered noxious.
(b) Mame her noxious weeds.
 J

Nt D. T
The animal/kingdom [Animalia]
The ﬁrﬁrianimals evolved in the sea about 700 million years ago. Animals later evolved to live
in l‘r o fater, and eventually they emerged to live on land.

__-\.

AnlmaTs- range from simple sponges and jellyfish, through flatworms, roundworms and
k\a'“%q’m!rma||::| worms, to snails, insects and animals with backbones (vertebrates) such as fish,
fbﬁd 5 and humans,

# . P . ) ; i )
_ % Trying to define an animal is not easy. There is such a variety of animal species that there is

ﬂ“;ﬁ normally an exception to every general animal feature.

| EIOL Girk S5 Mod 1 nexd 18 @. WWIE 624 PM



MODULE 1 CELLS AND THE DIVERSITY OF LIVING ORGANISMS

3"

Main features of animals
They are multicellular organisms that take in food (i.e. they do not make their own food)

L ]
@ They do not have cell walls *
® They have a nervous system (to allow fast responses)
® They have a muscular system (to allow movement) Q
® They normally reproduce sexually
@ They have large eggs that cannot move by themselves (i.e. are non-maotile) ‘Q'
® They have small sperm that can swim (i.e. are motile)
by using a tail or flagellum (plural flagella) Classification of Animalia
-

Animal classification

In biological terms, living arganisms are classified
into one of five kingdoms. Each kingdom is
further split into smaller groups called phyla
(singular; phylum). Within a phylum, smaller Q - ==l
divisions are created for organisms with commaon

traits - these are called classes. Further divisions &
of classes are called orders, which have further Figure 1.27 Classification of horse and
subdivisions called families and within these Q donkey
families an organism has a generic name called a genus, A genus is given by its Latin name, it
is written with a capital letter and is italicised. rs classed together under a genus that

can interbreed are known as species and are also given a Latin name, which is written after
the genus in lower case, %

In this module we will just consider th@um Arthropoda and some of the different species

within it. ‘

Phylum Arhrupoda%
Over one million species belong ta'phylum Arthropoda, which includes insects, arachnids

and crustaceans. Arth
segmented bodie

e invertebrates: they do not possess a backbone. They have

jointed limbs. They possess an exoskeleton made of chitin, which

protects their bodi shed this exoskeleton regularly as they mature and this allows
them to grow and produce another exoskeleton. This shedding or moulting is known as
ecdysis.

There are &m classes of arthropods. The two classes that are most important in
agriculéare class Arachnida (spiders) and class Insecta (insects).

Q
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Class Arachnida

Arachnids have several physical characteristics
that differentiate them from insects:

® They have eight legs in four pairs.
® They have two main body segments called
the cephalothorax and abdomen.

® Theydo not possess antennae or wings.

Arachnids in agriculture are parasitic by nature,
They are ectoparasites of both plants and
animals and include spiders, ticks and mites, Figure !23 Arathnid

An ectoparasite is an external parasitic orgah@at lives on

the skin or exterior of the body. N

able plants, including cucumbers,

Red spider mite 1
This plant parasite sucks the sap of many fruit and E-g
strawberries, apples and even potatoes. Mites e the stunting and yellowing of leaves.
nby the introduction of a predator mite.

They can be controlled by use of a pesticidge

. Mange mite
Mange or scabies is caused by the ma n%e
e

and spreads by close contact with i

animals. The female burrows into t% to lay
eggs and this leads to further ing when the
larvae hatch. The burrowing am the mites

causes itching in the anim left untreated, this

can lead to open woundsand other infections.

Ticks Figure 1.29 Mange mite
Ticks live on the heep and cattle, sucking

their blood tick (Ixodes ricinus), a carrier of

babesia, ¢ dwater fever in animals.

Classdnsetta

& . like all other arthropods, have segmented

4 bodies.
“\Their bodies are divided into three parts: head, o

Figure 1.30 Sheep tick

ot
=1
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® They have six legs (in three pairs), two antennae
and compound eyes,

® They normally have two pairs of wings attached
to the thorax.

All insects undergo a process of development
called metamorphosis. There are two types of
metamaorphosis: complete metamorphosis and
incomplete metamorphosis.

o Figure 1.31 fnsec
Incomplete metamorphosis :

In this process of development, the immature insect undergoes a series %ult&, shedding
its exoskeleton at each stage to allow for growth and deuelopmenfﬁtum insects
undergoing incomplete metamorphosis are known as nymph are'similar in appearance
to their adult counterparts, only smaller. Wings do not appear in these insects until they reach
adulthood. Aphids, dragonflies and damselflies are exam ects that undergo
incomplete metamerphosis. The life cycle of an insect that undergoes incomplete
metamorphosis is shown in Figure 1,32, 3

Aphids ar greenfly cause a lot of damage to plan suck sap from the plant, leading to

stunted growth and curled, yellowing leaves. They alsatransmit viruses as they move from

plant to plant. Cereals, potatoes and sugar bee%ll examples of crops that can suffer from

viruses transmitted by aphids. Aphids can be conffolled by the use of aphicides and by

ladybirds, which are a natural predator of hid. Cool, wet, windy weather does not

provide favourable conditions for the @upment of aphids,
3

N

ymph — Adult

& g Figure 1.32 Life cycle of an aphid
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Complete metamorphosis . 1
he

In this process of development, each stage of the life cycle is physically different from t
previous stage. The larval stage is worm-like in
appearance and is the feeding stage in the life
cycle. The larva develops into a pupa, which is
often protected by a cocoon: this is a resting
stage and very little movement occurs during
this time. The insect undergoes much change
in the pupal stage and emerges as an adult
insect. Butterflies are the best-known insects
that undergo complete metamorphosis.

Ad
The life cycle of an insect that undergoes 0 * w

complete metamorphosis is shown in - Elgune T3gpLie cycle of abutteniy
Figure 1.33.

Larva — Pupa — Adult

A number of insects are pests in both their
larval and adult forms. Examples of these are Iistﬂa e 1.3

Table 1.3 Insect pests that undergo a complete metamorphosis

| nset | Larvalform Impact in agriculture

@® Eat the roots of
: ; grasses, cereals,
Cranefly (Tipulidae) Leatherjac Q vegetables and strawberries
Feed on the roots of grasses; damage
Clickbeetle (Elateridae)  Wir T

Q
OO -

1.12 MName two char, ics of insects and two characteristics of arachnids,
1.13 To which phylum desinsects and arachnids belong?
1.14 Give cne of an insect and one example of an arachnid that are important in

1.15 ifference between complete and incomplete metamorphosis?
1.16 rasite?

1.17 ;meﬁne ectoparasite and one endoparasite.

Q
5
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Species native to Kazakhstan

. -0

sl
1

°Figl.-mi”-35 Q
.9

Figure 1.36

Figure 1.28

Figure 1.39

Figure 1.41 Figure 1.42

=3
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Table 1.4  Species native to Kazakhstan *

Red throated loon Ranodon sibiricus *
1.35 Snow leopard Panthera uncia Q
1.36 Morthern snakehead Gavia stellata
137 Beluga sturgeon Betula kirghisorum , Q
1.38 Wild almond Huso huso
1.39 Steppe eagle Aquila nipalensis
1.40 Birch tree Amygdalus buclmrN

1.41 Semirechensk salamander Armphms m

142 Shrubby buckwheat Channa qrg"N
‘f“c"”% IE n’-un.‘ Jz
tE

1.1! H.H of these species are native to I(azal:hsta e Internet to match the common
name to the scientific name in the al:rnve

1.19 As you research, find a species whic nsidered to be threatened or endangered
and identify three reasons that have this species being categorised like this.

1.20 Do you know of any other spec ve to Kazakhstan?

S .
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Ecosystems

Learning outcomes
At the end of this module you will be able to:

® Analyse diagrams of exponential and sigmoid curves of population growth %31
@ Calculate the efficiency of energy transfer (3312 :

@ Compare pyramids of numbers, biomass and energy (5313

® Describe the carbon cycle and nitrogen cycle (9314
]

Explain the impact of the production of oil and other mineral resources on the
environment 5321 J

Explain the impact of pesticides on the environment 'ﬂh

Explain the impact of the greenhouse effect ongiving Erganisms [EFE]

® Explain the causes and consequences of ozoR@depletion (9324

ﬂ'\ T o

",j Keywords
v biosphere + ecosystermn + en flow + trophic level + food web
v pyramid of numbers + @cer; ¥ consumers « decomposers

v exponential growth o carrying capacity » kilocalorie + pesticides
v toxic » resistant " o ining »* ozone depletion

9]

Ecology

Ecology is thastudy of the interactions between living things (organisms) and
between organisms and their environment,

All the exterpalfactors that influence an organism are referred to as its environment,

Biosphere

The bigsphere is one of the four layers that surround the Earth along with the lithosphere
(ra@ck), hydrosphere (water) and the atmosphere (air) which extends into the upper reaches of
thEozone layer. The biosphere represents the sum of all ecosystems. It thus includes all living
things and their interactions with the lithosphere, hydrosphere and atmosphere.

ENOL Girk s Mad 2inad 25 @.

TAWIE 5225 PAl |




PCDULE 2 THE BIOSPHERE AND ECOSYSTEMS

| EROH Gird 58 Mod 2 incd 26

Ecosystem

The entire Earth is itself an ecosystem because no part of it is completely isolated from the

&

rest. This global ecosystem can be said to form the biosphere.

The bipsphere consists of many large ecosystemns, Conditions such as the climate, sgil, -ph_r\ta
and animals in each ecosystem are similar, even though they may be located in different
regions around the planet. b 4

Ecosystems can be very large. For example, deciduous forests once cuveliﬁ'd;ml,lch of Europe.
Nowadays, because of pressure on land for agriculture and housing, lagge areas of forest have
been cleared. As a result, forests have been divided up into sm al!efunits_c_a“ed woodlands.

Woodlands are clearly distinguished ecosystems, as are grasslandsabaogs, lakes, sand dune

systems, salt-marshes, rocky seashores and hedgerows.

Figure 2.1 Arocky sen;s_liﬂr# Figure 2.2 A grassiand

Table 2.1 Examples of ecosystems

Warm summer, rain plentiful Western Europe, Eastern USA

Low rainfall Sahara Desert, Gobi Desert

| High temperatures and high Brazil, West Africa, parts of South-East
rainfall Asia
Mild termperatures, low Steppes of Asia, pampas in South
rainfall America, prairies in North America
Non-salty water Rivers, lakes, wetlands
Salt water Seashores and oceans
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A habitat is the place where a plant or animal lives.

A habitat is also the place that we study to learn more about an ecosystem. As ecosystem
be very large, it is common to select a number of small, local areas or habitats to study. The
study of the local habitat gives a representation of how an ecosystem functions. q

@
A population is all the members of the same species living in an area. N

We speak of a population of fregs in a pond or a population of primroses @

A community is all the different populations in an area. %

&
For instance, all the plants, animals, fungi and micre-organisms livinglin a field or bog are a

pointe N
Q). "

2.1  Explain the difference between (a) the biuspher@nsystem (b) a community and a
population.
2.2 What is the main source of energy for all )
2.3 (a) Give three examples of ecosystems.
{b) For each example, %
(i} state the main factors th e it and
(ii} give a geographical locationWhere it is found.

L D B ., N Y Y Y rrY Y Yy Yl

Energy flow &’

Every ecosystem requires a t input of energy from an external source in order to
function properly. The Sunis the primary source of energy for our planet.

Feeding allows enepgy to flaw from one organism to another in an ecosystem.

Producers

Flora includesplant) seaweeds and plankton. All of these are producers. About 1% of sunlight

is trapped plants and used to make food. The Sun’s energy is stored by plants in the
chemical bonds of molecules such as glucose and starch,
Plan down most of these molecules to release energy. This process is called

respiratioh. They use the energy to do work such as making new cells or repairing old ones,
ver, most of their energy is lost in the form of heat and only a small proportion (about
) is passed on to other organisms.

ENOL Grd S5M2d 2 inad 27 o)
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When an animal eats a plant or another animal, the food that is consumed contains energy4
Feeding represents a flow of energy. This means that energy moves in one direction, ie. & .
® S5un —plant — animal 1 — animal 2 — etc.

- o .l'\'..
® Sun — primary producer — primary consumer — secondary consumer — etc. %

Consumers

All animals are consumers.

Primary consumers feed on producers. They
include:

® Herbivores (animals that feed on
vegetation)

® Decomposers (organisms that feed on
dead organic matter such as bacteria o

and fungi) Figure 2.3 A caterpillar feeding on a leaf
® Detritus feeders (organisms that feed on N .- 1

small parts of dead and decomposing plants a;ml ammals such as mussels and

earthworms). . ..:

-(

Secondary consumers are animals that fqﬁ tﬁ primary consumers. They include:

® Carnivores (meat-gaters) - v
@ Scavengers (which feed on animals{'hilléﬂ by other sources).

Tertiary consumers feed on 5emn¢agra¢nmumer5 They are not always present. If no other
organism feeds on them, they are r_all‘éﬂ top consumers.

Organisms that feed on both plil_m;-and animals are called omnivores. Examples include gulls,
:::
blackbirds, badgers and humans.

Food chain &)

A grazing fgﬂthhln is a sequence of organisms in which each one is
eaten hl.the nmtt member in the chain.
L7 %

In a grazing chain the first organism is a producer or a green plant. An example of a

grazmg food chaln iis:

[ ] dalﬂejmn — butterfly — thrush — hawk

ﬁophlc level
o
2 | A trophic level is a feeding stage in a food chain.

L

&
-, Y . : .
Ln‘-“ % Producers form the first trophic level. Primary consumers are the second trophic level and
iz secondary consumers form the third trophic level. Other examples of grazing food chains are

given at the top of the opposite page:
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Grassland habitat
® grass — rabbit — fox k

@® buttercup — caterpillar — blackbird — fox

Seashove habitat °>

® 2algae — limpet — starfish — guill
® plankton — barnacle — whelk — crab Q
Scavengers, decomposers or detritus feeders can take food from each trophic Ie.x

Table 2.2 Sample food chains and trophic levels

R i i s e R

Primary Secon ry (or top)
_ s B et 2o el

| Grassland examples [T N Caterpillar ackm Fox

Plankton Barnacle Crab

00 >

In the food chain: Q
dandelion —» butterfly — robin — falco

{a) What is the initial source of energy dandelion?

(b) How many trophic levels are i ?

{c} Which way does energy flow?

(d} What happens to the ene does not pass to the next level?

{e) Draw a pyramid of num present this food chain.
(f) If a herbicide is spraw&ll the dandelion, suggest an effect this might have on
the top consume
2.5 Construct a grazing fo in containing at least four trophic levels.
In your food chai ify each of the following:
(a) Apreda (e} Asecondary (second order) consumer.
(b) Apr (d} A primary (first order) consumer.
2.6 Mostfood chaingare limited to about four (or fewer) trophic levels. Explain why this is
the ca &
2.7 Su effects on a food chain of:
(a) sing the number of producers
Disease killing off the primary consumers
immigration of more top consumers,

ENOL G S5 M2 2nad 29 o)
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Length of food chain
About 10% of the energy in each trophic level is passed on to the next level. The remaining

90%is used by the organisms or is lost as heat, waste or detritus. This means that the amount
of energy (food) passing along a food chain decreases from one trophic level to th .This
limits the length of a food chain.

Sun
In the food chain shown in Figure 2.4,
the rabbit does not have to travel too
far to get food. The fox must range
over a much larger area in order to
get its food. If any consumer was to o i
feed on foxes, it would have to use far
too much energy hunting for its prey.
This is why this food chain finishes

with foxes,

.f

yﬂawmafmddmm

Energy Transfer - F"‘“

The amount of energy transferred from one tm@ to the next is only around 10% The
rest of the energy passes out of the food chaimin different ways:

@ Itis converted into metabolic energy th
® [tis used as heat energy.

nism uses e.g. in the process of respiration.

@ It passes out as faeces or the remair&lead animals i.e. it passes on to the decomposers.

The amount of energy passed up t chain in the form of animal tissue becomes less
and less and thus the biﬂmasm.ases. This limits the number of levels in a food chain
usually to a number less than

¥ iy,

ergy is measured in kilocalories or Keal,

2.8 Lookat Figure 2, ly 10% of the kilocalories from one level is transferred to the
next level, amount of energy transferred into b, ¢ and d.

kcal

kcal
Calorias avallable from grass:
A 10000 keal

.

Figure 2.5 Energy transfer across trophic levels

&
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3

2.9  Discuss with another student whether you can make a case for saying that one trophic *’
level is more important than the others. i
2.10 What happens to the 90% of energy that does not get to the next trophic level? c r

. T TR T TN E W W

S I R .,

.

Food web

A food web consists of two or
mare interlinked food chains,

e
Food chains and food webs are attempts L ——
to show the feeding inter-relationships in Lm _'|‘ -
an ecosystem. They show the flow of 1%

energy through the ecosystem. A sample E""‘N—j

food web is shown in Figure 2.6,

Pyramid of numbers (A} - a

The number of organisms at each trophic '9“' d web for a grassland

level in a food chain normally decreases

as you move up the food chain. This is because n%ctnr&

® High energy loss at each trophic level (so t s less energy available to the organisms
farther along the food chain)

® The organisms usually increase in size %urther they are along the food chain (this is
because organisms tend to feed on
organisms smaller than
themselves).

In the food chain grass — rabb Rabbit

there are many grass plants | Fox |
or | Rabbit |

smaller number of ra bhl hich Bl \ Grass

support very few foxm

number of organi ch trophn:

level is shown in Fig i

Figure 2.7 Pyramids of numbers

&
Pnpula@mwth curves

pha pulation growth:

@, an exponential growth phase
&transitinn phase
a plateau phase

Any p §Iatlon which inhabits a fixed geographic space will pass through three distinct
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Plotting a graph of such a population gives an 5-shaped curve (Figure 2.8) known as ths 1

sigmoidal population growth curve,

I T &
e

Qm of generations

Figure 2.8 Sigmoidal population g Curve

Any population which grows exponentially starts owly and then goes through a phase of
rapid growth which levels off once the ca capacity of the area is reached.

Exponential Growth Phase

This phase begins slowly as there are fe&ivid uals for reproduction and they are likely to
be spread out across the area. Mu ill then start to grow rapidly as abundant resources
will mean high birth rates and low death rates.

Transitional Phase &’

As the population cuntinu&mw a point is reached where an area begins to reach its

carrying capacity [K] f population. The resources available to support a population in an
area eventually become limited, which leads to greater competition for survival. More
predators will moveinte the area as the population grows. Greater density of population will

lead to the faster spread of disease and ultimately, birth rates slow and death rates rise.

Plateau

Population g;-::wth rates eventually become static as having reached the carrying capacity of
the a eps the population in check.This phase is characterised by very small fluctuations
in tion.

00

LAk
[t
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2.11 What does the carrying capacity line in the Figure 2.8 represent?
2.12 Give two reasons why population growth slows in the transitional phase.
2.13 Which other population is alse likely to grow exponentially in an area where an animal

| is growing quickly in numbers?
. A P s R e S . e i A, g SR B R B R R S e R
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2.14  Answer the following questions in relation to the food web shown below.

.-""I ™
'y N
_.-'I _
' = 21
S £ o
® |
@ h -
L = Y -~
B , / g

| skl b
[seeds, fresh leaves, fallen leaves)

2

4

e o N e e

Figure 2.9 o

&
{a) Write out a food chain with four organisms in it. \

(b) Mame the primary producer in the web. Q
{c) Mame two secondary consumers in the web.

(d) Name two herbivores in the web. 0
(e} Mame one omnivore in the web.
(f) Mame one camivore in the web. Q

Nutrient recycling tO

Whereas energy flows in from the Sun an ugh the ecosystem, the nutrients that make
up the bodies of living things are recycled and used time and time again. Such cycles are
called biogeochemical cycles. Althoug%

carbon and nitrogen.

ny nutrients are recycled, we will focus on two:

The carbon cycle e

The carbon cycle is the péess hich o -

carbon from the environment is converted e
to carbon in livingthings, The carbon in 1 \\
living things is later ed back into the Phatosynihesis |- '| Weathering
environment, & ' 1 ’ ‘l
Carbonisa tial element for living \ g | f
) . - i f
things. It ally exchanged between ——‘ Respiration or
death and
living s and their environment in the Y‘“-—— — i
for e gas, carbon dioxide, e /ff‘ -
Plants have been removing carbon dioxide T |
he atmosphere for millions of years. [ Represents carban |
Represonts procewes |
It is important that this gas is replaced in
order to allow photosynthesis to continue. " Figure 210 The carbion cycle
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e air cannot be used, as it is
reactive.

Lad
-+
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Role of organisms in the carbon cycle
Three groups of arganisms have roles to play in the carbon cycle:

® Plants remove carbon from the environment by photosynthesis and return it by *

respiration
® Animals obtain their carbon by eating plants; they release carbon dioxide by on
® Micro-organisms (such as fungi and bacteria) return carbon to the emi@t when
they decompose dead plants and animals. ®
Global warming ‘\'

In recent years there has been concern that the concentration nfc@iﬂe in the
atmosphere is rising. For example, the concentration of carbon d%ide- years ago was

0.028%. Now it has risen to 0.039%.

L
The main causes of the rise in carbon dioxide concentration wught to be:
® Increased combustion of fossil fuels ® D ation

Carbon dicxide is a ‘greenhouse gas. This means it allo eat radiation from the Sun to pass
into the Earth's atmosphere, but does not allow reflec t rays back out. (It is not the only

gas that does this.)
Increased levels of carbon dioxide may contribute t6'global warming, i.e. a rise in the average
temperature of the planet. Global warmi cause the following effects:

increased flooding.
@ 'Weather patterns may alter {ewe stormy weather), which in turn will affect wildlife

and agriculture,

@ Sealevels may rise due to ice meltlgﬂ e expansion of hot water. This may cause

® Another major concern is
global warming may cause
Gulf Stream to rew:rse&
direction of flow.
cause very cold

and would h ge impact
on the climate.

The nitrogéwycycle
Nitrogen is needed by living things
tom teins and other

bioi ules. However, nitrogen gas

I Bacteria or fungi
Processes that take place

BN Contain nitrogen ‘

The function of the nitrogen cycle is
to take nitrogen from the air and
make it available for use by living

Figure 2.11 The nitrogen cycle

things. The nitrogen in living things is later converted to nitrogen in the air.

&
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Refer to Figure 2.11 while reading the following account of the nitrogen cycle. 1

1. Living things need the element nitrogen (to make proteins, DNA, RNA and other
biomolecules). Nitrogen gas (N,) makes up about 79% of the air. However, this form of
nitrogen is inert or unreactive and cannot be used by plants and animals. Q

&

2. Nitrogen fixation is carried out by velcanic action, lightning, industrial processes and
some bacteria. Nitrogen-fixing bacteria can be found free in the soil or they may
associated with the roots of certain plants. The latter group of bacteria live ip nod

(swellings) on the roots of a group of plants called legumes. These include cl oya
beans, peas and beans.

Nitrogen fixation is an anaerobic process (i.e. it does not require axnge root
nodules allow the bacteria to escape from oxygen. %

The relationship between the

bacteria and the legumeis a

form of symbiosis, i.e. two
different species living closely Nitrates Food, protection,
together where at least one
benefits. In this case both

species benefit, because the

bacteria get food and the plant o q
gets nitrates, so the arrangement Ficure 2.

is technically called mutualism %
(although it is often simply called symbiosis).
Nitrates are converted (assimilated) in nt and animal protein, DNA and RNA,

3. Decomposition of dead organismsds carried out by bacteria and fungi of decay, which
are mostly found in the suil.ﬁese@n

A symbiotic for mutualistic) relationship

isms release nitrogenous compounds such as
ammonia (NH,) into the soil. &

4, Nitrification is carried out by bacteria in the soil, called nitrifying bacteria, Nitrifying
bacteria are chemasynt . they make their own food (normally in darkness in the

soil) using energy from chemigal reactions.
5. Some of the nitrate% in the soil is absorbed and used by plants.
6. Denitﬂﬁmime out by denitrifying bacteria in the soil. Denitrifying bacteria are

anaerobic and swampy sail or deep down in the soil (where water collects to
produce anaerobic conditions).

Role of o in the nitrogen cycle
@ Bacteria play a central role in the nitrogen cycle. The four types of bacteria and their

fi ns are:
itrogen-fixing bacteria, which convert atmospheric nitrogen to nitrates,
2. Bacteria of decay, which convert nitrogen waste to ammeonia.
. Nitrifying bacteria, which convert ammaonia to nitrates.
4. Denitrifving bacteria, which convert nitrates to nitrogen gas.

L
n
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® Fungi also help to decay dead plants and animals and their wastes into ammaonia in th

soil. *’
Plants absorb nitrates from the soil and use the nitrogen to form proteins,
Animals consume plants and use their nitrogen to form animal protein. Q

s,
@ &\ﬂ‘@I 1 n”!

2.15 (a) Referto Figure 2.13 showing
the carbon cycle and name the
processes represented by the
letters A to H.
() Why are the levels u|::1‘~‘.:|::I:t
thought to be rising worldwide?
(c) Give two possible results of a rise
in CO, concentrations.
2.16 (a) Why do plants and animals
require nitrogen?
{b) Why do plants not use
atmospheric nitrogen?
(e) Inwhat form(s) do plants requ en?
(d) MName two processes that convert nitfogen gas into compounds that plants can use.

&
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Human impact on ecus@ns

Fossil evidence discovered to- ggests that humans emerged on Earth between 200,000 -
300,000 years ago. This is a short périod of time in relation to the age of the planet - four and a
half billion years (45000 2ars),

In this short time hu ve had a huge effect on the Earth's resources and organisms, We
will consider three ‘.ays
Pollutio

Mast polluti es from human activities such as dumping, littering, sewage disposal,

humans affect ecosystems.

electricity ge;meratinn, transport, radioactive processes and noisy activities. Natural pollutants
inc$cam‘c emissions and smoke from natural forest fires. Pollution can affect air, fresh

wa and soil or land.

re are many types of pollution,
Domestic pollution includes household wastes,

@ Agricultural pollution includes the use of sprays to control pests and weeds, the overuse
of fertilisers and disposal of farmyard wastes such as slurry and silage effluent.

@ Industrial pollution includes smoke that causes acid rain and wastes that may damage
streams, rivers and lakes.
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r

Ozone depletion — an example of air pollution

Ozone (0,) is a gas that forms a protective layer in the upper atmosphere, between 10 and
45 km above the surface of the Earth. It helps to absorb and shield the Earth from incoming
ultraviolet radiation. :

Ozone depletion (or thinning) was first noted in
1984 as a ‘hole’in the ozone layer over Antarctica.
Since then a similar, but smaller, ‘hole’ has

developed over the Arctic.

Ozane depletion is caused by a range of
manufactured chemical pollutants. These include
chlorofluprocarbons (CFCs) used in aerosals,
refrigerators (Freon gas), insulating foams
(Styrofoam) and industrial detergents.

Some fire extinguishers (halons) and agricultural

sprays (fumigants) also destroy ozone, as do ‘

Prays | 9 ) y Figlhee 2.14 The ozone hole (blue) over
emissions from high-flying aircraft. Mydntarcticain 2000
Effects of ozone depletion
Ozone absorbs ultraviolet rays. Less ozone e
in the outer layers of the atmosphere allows | ; il T i @
more ultraviolet radiation to penetrate to v d O

Ozone layer TP

the Earth's surface,

g _ Earth .,
Increased ultraviolet levels have a number i

of effects, such as the following:

® Increased numbers of skin cancers,
cataracts (in which the lengin the eye —

-~
. il U racdiation
loses transparency) and Weakened ciachng ESith

il Up to 1980 Since 1980
@ Serious damage to cropsand plant life o
@ Plankton deplétion: there is great

concern that plankton will be depleted. This would have huge effects on aquatic food

chains and, thergfore, an fish, penguins, birds, seals and whales. It might even result in

Figure 2.15 Effects of ozone depletion

less oxygembeing produced for organisms to breathe,

Control of ozone depletion

& ﬁ_mtiun in the use of CFCs will eventually allow the ozone layer to be replenished.
Ozone is formed naturally by the reaction of ultraviolet light with oxygen. CFCs are now
_\being replaced with other chemicals such as hydrofluerocarbons (HFCs). These chemicals
break down much faster than CFCs. This means they do not reach the upper atmosphere
and, therefore, do not cause ozone to break down.
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@ Sprays or foam products that contain CFCs should not be used.

® Fridges should not be dumped in landfill sites. They should be returned to organisations. .

that will dispose of their CFCs in an environmentally friendly way.

In recent years the hole in the ozone layer has stabilised. It looks like the control metheds are
allowing ozone to be replenished slowly.

2.17 (a) Explain the term pollution.
(B) Pollution may result from domestic, agricultural or industri rces. Select one of
these areas and state an effect that may be produced amed pollutant.
{c) How may the pollution referred to in (b) be contgolled?
2.18 In relation to the incineration of domestic waste, sugg
(a] an advantage of the process.

(b) adisadvantage of the process. :

Environmental impact of petrplgtim :

The recovery, refining, transportation and t‘i\e-ﬁnge of end uses to which petroleum is put all
pose potentially serious hazards for the environment.

Drilling for Oil

The process of drilling for ail involves U%ing drilling rigs to drill deep into the ground or
beneath the sea floor to reach oill;bed 5. This can cause oil to spread into gaps between layers
of rock and into seas and lakes. The toxicity of crude oil makes it potentially lethal for
organisms that come into cont@ct with it. The land in areas where oil is drilled, pumped
through pipelines and §toFed also needs to be cleared and this can have serious impacts on
ecosystems. g

Refining oil

The refi ning of oilin most contexts is
hugely dama giﬁ'g to lecal environments
and a miajor contributor to greenhouse
gases thabincrease global warming. Oil

reﬁhéries’ pollute the environment in the : J 31 x
; " . T e,
dallowing ways:
;- - = % 6 igl" B2 z TF
@, They produce high Ievelscrfmmc.aw .i' RN T *'lll III
pollutants such as carbon monoxide '
f I i
and sulfur dioxide through practices

ad &
=«
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such as flaring Figure 2.16 O refinery at night
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® They cause s50il and ground water
contamination which can cause
human and animal health problems
and impact an the quality of crops.
Such damage is caused by hazardous
waste, sludge from treatment
processes and coke dust being
dumped or spilling into the local
environment and working its way into o

bodies of water such as rivers. Figure 2.17 Flaring at an oil r
Transportation of oil ) %
The nature of the il industry means that crude oil is often transmrrﬁvnss vast distances
before it is refined. Accidents such as major oil spills from tan devastate marine
environments. Perhaps just as important though is the daily spillage of oil from vehicles such
as cars, boats and planes that seeps into and accumulates vironment.

End uses of oil and petrochemicals ‘&

As can be seen in Figure 2.18 below petrochemi

ducts are put to a huge range of uses.

-
@
=
o
o
=

> ke

Fractionat
O
i
}
1
} B % B l_::-

&

Figure 2.18 Production and use of petrochemicals

ENOL Gird S5 Mad 2 inad 39 @. WIE 625 PM



MODULE 2 THE BIOSPHERE AND ECOSYSTEMS

2.19 Research one of the end uses of petrochemical products and prepare a short
presentation on its potential environmental impacts.

atiita

Q)
‘\-u_-’/

2.20 What are the differences in the environmental impact of carbo oxide and sulfur
dioxide?

2.21 Name three ways in which the oil industry canimpact theq%nfmarl ne environments.

&

The impact of pesticides on the emrlrnningnt

Pesticides are chemicals used to kill pests which cangm ned as plants or animals that are
living in an area where humans do not want them to Iw’@L
i

They are typically used:

® Tokill pests that are a health risk
to humans or domestic animals

® Toreduce pest populations
which damage economic o
activity such as crop growing [

and crop storage. P
Common examples of the use nK
pesticides are the sprayingFH
fungicides and mser:tu;paqm iull
pests in crop and frwﬂ'dtg;\‘ng and o
the use of herblclcﬂg’s to, k|||wegd5 in Figure 2.19 Spraying of fungicides and insecticides
crop farmmggﬂmne her& may be

im medlatqj/cqmumm benefits of chemically controlling pests in such ways, there are many

potential enff'?e#r’ﬂental hazards associated their use which include:

J

thﬂamapbe toxic to other organisms in the ecosystem
@ “persistence in the environment potentially long after their use
] I:'“'I‘ﬁﬁ:curnulatmn through food chains: as many pesticides are lipid soluble, they can
fxx accumulate in body fat over a period of time. Herbicides and fungicides, for example, can
& ”‘\ '\E-e ingested by insects or earthworms and passed onto birds who feed on them.

P Pesticides in soil may also leech into waterways.
o ‘..-\.
e,

AN % @ organisms through gene mutations can develop resistance to the pesticide which targets

—a

them.
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0@ D

2.22 Research one instance of the use of pesticides proving harmful in your area/country?

Share your findings with another group.
—0
P Q
o) '~
es they

2.23 Give three ways in which pesticides can affect organisms other than t

target in an environment.
2.24 Can you think of how biotechnology might be used as an alterna pesticides?

A . .

-.n;umu-;umuuumuuumum*m FF T FTT T TTYE.

o

&
<
Q‘&
Q/‘r

e
Ky
Q
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_.-,_"Eﬁﬁﬂigestive system (also known as the

=

| ERCH G 58 Mod 3imad 42

% at the mouth and ending at the anus. Attachedto | fand.

Learning outcomes J.':b*ﬁ??’

At the end of this module you will be able to: gg}ﬁ_‘ %3

® Describe in detail the processes of digestion, assimilation, a tml‘i‘ and egestion (2331
® Establish the relationship between the organic matter andt ﬁrespundlng enzyme in

the process of food digestion [9.5353 &Q@;
® Investigate the influence of different conditions {mmr& pH) on enzyme activity

9323
i,
|..| f}i_ﬁ
.

@ Keywords
v alimentary canal + salivary glands + ingestion « digestion

v absorption + egestion t # chime ' enzyme
v oesophagus pe% bolus « fibre + bile

@ Investigate the process of the emulsification of fa he action of bile (9324

i ,

v duodenum « ileu lli + lacteal .

The need for a digéﬁj(iﬁé system

Some animals, such aslsp-pgge"s and tapeworrms, do not have a digestive system. In these
animals each cell muffhau:e' a full range of digestive enzymes.

Most animals doha.'i‘g q-dig}estive system. This allows them to take in large pieces of food and
break the fogd d m'-'ﬁ'-i.lsing structures that need be located in only one place (e.g. teeth in the
maouth or QI:IE;ITIE:# in the small intestine). This means there is no need for every cell in the
body to contain'all the digestive enzymes.

The tinﬁ-partiéle; of digested food are carried to each part of the body, mainly by the blood.

The digestive system Digestion is
' the physical
and chemical
breakdown of

éil‘i'n&ntﬂry canal or gut) is a long tube starting

the digestive system are the associated glands:

Figure 3.1 The
digestive system o
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MODULE 3 HUMAN NUTRITION

® Salivary glands @ Liver (and gall bladder) ® Pancreas. 1

Main events in human nutrition
Human nutrition involves the following four processes: q
1. Ingestion isthe taking of food
into the digestive system. This
happens when food is placed
in the mouth.,

0 = Associated glath

2. Digestion is the breakdown of
food. There are two types of
digestion.

» Physical digestion is the
mechanical breakdown of
food. Physical digestion
takes place when we chew

food or churn it in the Small | Buadenum
stomach. Physical imestine [
digestion increases the
surface area so that
chemical digestion can
take place more efficiently.

» Chemical digestion is the o .
breakdown of food using %re 3.2 The human digestive system

ENZYMes,

3. Absorption occurs when the dige 'ood passes from the digestive system and enters
into the blood.

4, Egestion is the removal o bsorbed waste from the digestive system,

00

3.1 Whatisth rem:\e in the cells of animals with a digestive system and animals
without one?
3.2 What are the four stages in human nutrition?
3.3  Give ion for each stage.
Location

S

é What are the salivary gland, the liver, gall bladder and pancreas called in the digestive
process?

T F T TrTrTrTrTFrTrTTFrTrrTrTrTTsT sy ye

LA SRS SRS SEEEESBEEEEESESSEBEEEEE RS EREBEESBEEBEEEEEEEES 4-.
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Mouth . 1
Types of teeth

@ Incisors are found at the front of the
mouth. They are shaped like chisels and
they cut and slice food.

@ Canines are the long, pointed, fang-like

teeth. They are used to grip and tear , ra
food. Malar Premolar ne Incisor

@ Premolars have large, flat surfaces and o
are used to crush and grind food. Figure 3.3 Human jawighowing the different

kinds of teeth
® Molars are the large teeth located at

the back of the jaw. They also crush and grind food. d N

Dental formula

In the dental formula for an adult human the Ietter-.t the four types of teeth. The
upper numbers refer to the number of teeth on one side of the upper jaw. The lower numbers
refer to the number of teeth on the lower jaw onfthe e side. The formula refers to one side

of the mouth.
The formula shows that there are 16 teeth& right-hand side of the mouth and the same
number on the left-hand side. %

%

3.5 Complete the dentalformula for adult teeth.

z(ul C— P—

3.6 What is the maxim number of teeth an adult human can have?
3.7 State the for each tooth type.

. T T W A N

R FEFEFEEE T TE T TERREEFRT TN RN TN TR RN TN R R RN T T YY T

rika
\ ot

&

3 images of the skeletal jaw and teeth of different types of animals. Discuss in

of these animals.

e groups what the number and shape of different types of teeth tell you about the diet

5
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Digestion in the mouth
@ Mechanical digestion takes place in the mouth by the chewing and grinding action of

teeth on food. *
@ Chemical digestion accurs in the mouth by the action of the enzyme amylase. Amyl
found in saliva, which is a fluid produced by three pairs of salivary glands (located unm
the tongue, in the cheeks and at the back of the jaws). 9
IC

Saliva contains water, salts, mucus (or mucin), lysozyme (an enzyme that destm’&'
organisms) and amylase.

Amylase travels through small tubes or ducts into the mouth where it is a@ pH of the
mouth is close to 7 and this allows amylase to work. Amylase is inhibited by the‘acid pH in the
stomach,

In the mouth amylase breaks down starch to form maltose:

Armylase
Starch -~ > Maltose

ne litre of saliva every day.

Figure 3.4 The role of amylase
In the mouth, food is formed into a ball, or bnlus&sheﬂ backwards into the pharynx (or
throat). The pharynx connects the mouth to thg‘ophag us. A flap called the epiglottis
closes over the trachea (or windpipe) and eESu e food passes down the oesophagus.

QU Q

3.9 What is the difference bet mechanical and chemical digestion?

3.10 Why is salivary amylase iEEcH in the stomach?

Enzyme action JV

A huge number of @nzymes are needed to allow the Erye is & protein that

human body (and alMliving things) to work properly. speeds up a reaction without
being used up in the reaction.

Along with their rolgin the digestive system enzymes
are also inw in speeding up reactions such as:

® thegr f muscles
& th duction of hair
] ﬁmatiﬂn of blood cells
the breakdown of poisonous substances such as drugs and alcohaol (in the liver).

nzyme carries out only one type of reaction. For example, each type of food is broken
down by a different enzyme.
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Product

The product is the substance produced as a result of the action of an enzyme.

&
For example, in the mouth the enzyme amylase acts on starch. The product of this ﬁn is

called maltose. Amylase only acts on starch. It does not digest other foods such as
fats.

5ar

Amylase Starch Maltose

Substrate ‘Q

The substrate is the substance that an gnzym&s on.

In the mouth the substrate is starch, the enzyme is am ahe product of the reaction is
maltose,

____Enzyme | Substrate Product

Amylase Starb Maltose
RSR,  peidde, gl

wa"‘%x

Activity 3.1 % /N

Question

What is the action of salivary amylase %ﬁh?

Equipment needed %

Starch solution ne solution Beaker

Test tubes Cropper Bunsen burner
Amylase or saliva DCropping tile Tripod

Beaker of water at EP(Q Benedict's solution Wire gauze
Safety

® Exercise caution when using the Bunsen burner and

handling t in the boiling water bath.

Method (phasa™)

1. Dissolve some starch in water to form a starch solution.
2. al amounts of starch solution to each of two test Wasos bath
I —

Add amylase or saliva (which contains the enzyme
mylase) to one of the tubes, called tube A. Shake the Stisch schution
A arrplde (Laliva)

test tube to mix the contents. Do not add amylase or
saliva to tube B. This tube acts as a control.

Figure 3.5 Toinvestigate
4. Leave both test tubes for 10 minutes in a water bath at enzyme action

37°C (this is body temperature and enzymes work best at this temperature).

5. Add a few drops of the solution from each tube to a few drops of iodine solution on a dropping tile.
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Method (phase 2)
At the end of the investigation Benedict’s solution can be added to tubes A and B. Both tubes can then
be placed in a boiling water bath for a few minutes,

Results

Record your results for each phase of the experiment in the tables below.

Colour when tested
rreset | PO

Test tube B

Colour when tested
Phase 2 with Benedict's
solution

Jq"*“ﬂn"’t TRy, EEAR, L;\qu"t“f Q

3.11 Use the internet to find out Mat&%ﬁ in colour with iodine and Benedict's
solution show. Use this information to plete the last column of your results table
above. 3
3.12 (a) What can you mndud&mlmh phase of the experiment? Explain using the :
words substrate and pr : 3
(b) Whyin phase 2 quperimentwere the tests placed into a bath of boiling i

water?
R R = R .,A,*" R T e R T R R e
: 'al""?""!i ﬂﬁ h ’
J Lﬂf \)

3.13 Worki u;?su Read the Question and Equipment needed sections of Activity 3.2 only.
Loo the Figure 3.6, but cover the rest of the text about the activity.
inking about the question, discuss:
hat the role of each item of equipment might be
what the procedure of the experiment might be

e {e) what the results might prove.
rw W . W OE W O W " R R E W W W N NN NN TR FENENFEETNRTREE N WD KA-MIH.H.IHMM-MHH.'.

A S N AL RN A
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DO 2V
Activity 3.2 f @

Question *
What is the effect of different pH on the action of salivary amylase on starch? Q
Equipment needed

2 sets ¥ 3 test tubes 15 ml 1% starch solution : 3 n@ﬂ

pH tablets of 5, 6.8 and 8 Saliva solution l»

2 beakers 3 droppers

A thermometer Hot plate Q

Safety @

@ Exercise caution when using the hot plate. &

Method \? — |.|. =
I
1. Take a beaker containing 15 ml of 1% starch solution I

and 3 ml of 1% MaCl solution.
2. Pour the solution equally into three test tubes la

A BandC.
3. Totesttube A add pH tablet 5, to test tube tablet L, .
6.8 and to test tube C pH tablet &.
@ 4, Immediately transfer the A, B and € into.a bea Figure 3.6 pH of salivary amylase
and its effect on starch
containing water and a thermometer ing

temperature. The temperature of beaker should be maintained at 37°C.

5. Take 3 ml of the saliva solution ushmpper and add 1 ml of solution to each of the three test
tubes,

6. Using another dropper, add a&mps from experimental tube A and transfer this inta the
corresponding test tub&dine solution. Repeat for the corresponding ledine test tubes for B
and C.

7. Record this as the ute time reading.
8. At 2-minute intapvals a further drop from each test tube to the iodine test tubes and note any

change in Ih%ﬂf iodine.
9, Repeat rocedure at an interval of every 2 minutes until the colour of the iodine does not

chan
10. Mote your results.

ﬁ}i"\-l sl

14 Did the results support the conclusion you predicted?

O N N Y Y Y Y Y rFrYrYrYYYYYY S

A
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Oesophagus
The cesophagus (or foodpipe) carries food to the stomach by an involuntary wave of
muscular contraction called peristalsis. The process of peristalsis continues throughout the *

length of the alimentary canal. Q
Peristalsis Q
@

Peristalsis is a wave of muscular action in the walls of the alimentary canh

that mowves the contents along.
In the stomach, peristalsis helps to break down food mechanically. It also ixesm with the

secretions of the stomach and then forces the mixture into the small int%. In the small
intestine, peristalsis forces food forwards and backwards, helping thefood to be absorbed. In
the large intestine about every 30 minutes strong waves of peri Is&e waste into

the rectum. &

Cesophagus

Bo Bustle

food CONTracts
‘Q . X
‘ l Baolus ——=
fricved
..' % down l

Figure 3.7 Peristalsis: note the bolus of
food partway down the oesophagus @

Role of fibre
Dietary fibre (also called rﬂu%s made of cellulose from plant cell walls. Humans cannot

Figure 3.8 Peristalsis

digest cellulose. Good sourc re in our diet include wholemeal bread, cereals,

vegetables and fruit ‘t'
Fibre absorbs and es water, This causes the unabsorbed wastes to expand, The physical
increase in the b thefwaste stimulates the muscles of the intestine to work. In this

way fibre stimulates peristalsis,
#

Drd you Yoow

hu -fibre diet is thought to be helpful in reducing the risk of colon cancer. |
cause wastes move more rapidly through the colon, which means that

using chemicals have less time in contact with the colon.
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Stomach
The stomach is a muscular bag that holds and digests food. The lining of the stomach (the

mucosa) is heavily folded, forming millions of gastric glands. These glands produce a rangg of
secretions, collectively called gastric juice. This consists of mucus, pepsinogen and
hydrochloric acid.

Mucus coats the stomach and prevents self-digestion. Pepsinogen is an ina?zyme and
therefore does not digest the cells in the stomach lining that produce it.w:a en is
converted to the active enzyme pepsin by acid in the stomach, Pepsin converts proteins to
smaller peptides. Pepsin is said to be a protease, i.e. it is an enzvm%ats protein,

Hydrochloric acid (HCI) gives the
stomach a pH of 1 to 2. The acid kills stin
many bacteria, loosens fibrous and Proteins W Peptides

cellular foods, activates pepsinogen and o \
denatures salivary amylase.

The role of pepsin
The contraction of the stomach walls w
helps to churn and digest the food mechanically. rns it into a thick, soupy mixture

called chyme, Chyme leaves the stomach in sma nts when a muscle at the base of the
stomach opens briefly. :

Did you know? % )% I

The stomach can hold about 11 food for up to 4 hours. An overproduction

of acid in the stomach can lead burn. This occurs when acid rises up the
oesophagus, which is not as covered in mucus as the stomach. It may be controlled
by neutralising the acid wi , 2.0, by taking indigestion tablets.

=

00 .

315 (a) at #{alsls?

(b) e reason why a low pH is important in the stomach.
(c) fibre important?

3.16 Mameiﬁe material that makes up the wall of the stomach.

317 t enzyme in the stomach digests this substance?

3.1 w does the stomach prevent self-digestion?

$ Why does stomach acid not damage the duodenum?

L
-
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Glands associated with the small intestine . 1
Pancreas

The pancreas secretes the hormone insulin and digestive materials (which form pancreatic *
juice). Pancreatic juice consists mainly of the salt sodium hydrogen carbonate (or sodium Q
bicarbonate), which neutralises chyme from the stomach, and a range of enzymes i%

amylase and lipase. These enzymes enter the duodenum through the pancreatic d

@
Lipase acts on lipids, whereas amylase

i Lipase i : \
digests starch. Both enzymes function Lipids » Fatty acids and glycerol
best at a pH of between 7 and 9, i Amylase 5 Malto
which is the pH of the duodenum.

Figure 3.10 The roles o‘ﬁpme%mﬂu:e

Liver ‘\'

The liver is a complex organ with many functions., Amaong the n%ooﬂant functions of the

liver are:
Breaking down red blood cells Q

L]
® Making bile Q
@ Detoxifying the body, i.e. breaking down poisons such'#s alcohol and drugs
@ Breaking down excess amino acids to form
@ Converting glucose to glycogen for storage
@® Converting excess carbohydrates to fat
@® Storing vitamins, such as vitamin D
@® Storing minerals (trace elements), sucl%on (Fe), copper (Cu) and zinc (Zn)
® Making plasma proteins that are in blood clotting
® Making cholesterol, whichisn mfan'n many hormones
@® Producing heat to warm the l@{and the body).
Q Oesophagus
* Liver l
\.\I
-—I::-— Starmach
L 4
Gall bladder
é e Pancreas
Blle duct i *——._—hf Pancreatic duct
Fi 1 The relationship Duadenum A\f—*"j:, -J

the alimentary canal S

E and the liver and pancreas o
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Bile

Bile is partly formed from the Did you know?

remains of damaged red blood cells.

Itis a yellow-green viscous liquid. It prevent the release of bile. This often
consists of water, bile salts and bile severe indigestion, especially after ea
pigments (it does not contain fat-rich foods.
any enzymes). Bile is made in the
liver and stored in the gall bladder. It
enters the duodenum through the

Gallstones can form in the bile duct and

bile duct,
The functions of bile are: Flgeine 3.12 GaRsianes
® Toemulsify lipids, i.e. to break ﬁ'ﬁ_
down large fats and oils into tiny droplets (this i increases the Surface area for enzyme
““%
digestion) iy
@ To neutralise chyme from the stomach (it cont ium hydrogen carbonate, which is
alkaline) 2
® To excrete pigments (biliverdin and bnlnrubl%‘% are made from damaged red
blood cells. et
O
Fin ,.ca’

Q)u] M

e

3.20 Complete the diagram with mect letters.

2.
1. q;‘ > 3, and 4.

ﬂ amylase
5. > 6.

(A) glycerol (C) starch (E} fatty acids
(B) mal (D) lipids (F) lipase

3.21 Whicheef the following is NOT a function of the liver?
(A) ifig down red blood cells
(B) Breaking down excess amino acids to form urea
| Emulsifying lipids
Making bile
Detoxifying the body, i.e. breaking down poisons such as alcohol and

drugs

TR S0 Pl
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Activity 3.3

ILE 3 HUMAN NUTRITION

: g bR Ve, a7 Eﬁﬂﬁ N

Question
What is the role of bile in the emulsification of fats?

Equipment needed

)

3 test tubes Bile salts water bath Distilled WQ
9 mil thick cream Pancreatic lipase Thermometer

pH mRN
Water [pancreatin] Detergent

Safety Water Fant@l’an{rﬁtin

® Take care not to spill any of the liquids or ; / . - /
cream.
Blle¥,‘ T Bile ¥ o
Procedure Galt om
1. Add 3 ml of thick cream to each test tube.
2. Label the test tubes 1, 2 and 3.
3. Intesttube 1 add 5 ml of water and a few
grains of bile salt. o : =
4. Intesttube 2add 5 mi of pancreatin. Figure Testing the role of bile in the
5. Intest tube 3 add 5 ml of pancreatin and 2 sl
few grains of bile salt.

6. Mix the contents of each tube well by ﬂuking%ﬂ
T.

e |

water.

9. Place the test tubes into a water hatl@'t

10. After 20 minutes, 40 minutes an%ninute; of incubation take a new pH reading.

Results

342 What did you observe in each test tube?
323 What conclusions can you draw about the role of bile in the emulsification of fats?

. Measure the initial pH of each solution with a pH :
8. Between each further measurement clea meter with disinfectant and rinse with distilled

ENOL Grd S5/M2d 3inad 5 o)
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Small intestine
The small intestine consists of two main parts: the duodenum and the ileum. The duodenu

carries out digestion, whereas the ileum is the site of absorption.

The first 25 cravof the ;
intestine is the um. The

remain comprise the
ileum. % in the small
intestine for n1andé
hnurs.é

Did you know? o E5N

,\"\r

o Figure 3.1 thorax and abdamen

Duodenum 0 The main function of the

The cells lining the duodenum produce a of digestive Euic &l et T
enzymes, In addition, the products of the pan s and liver enter the duodenum,

The inner lining of the small intestine ¢ s many infoldings called villi (singular: villus).
These give the lining a velvety textupe. In addition, each villus has many microvilli. The
numerous infoldings increase the sﬁ area for either digestion (in the duodenum) or
absorption (in the ileum). Intes@la nds between the villi produce a range of enzymes
called intestinal juice.

A summary of the digestive prgtess is given in Table 3.1.

Table 3.1 Summary & stion (enzyrmes are in bold)

Substance
Salivary glands Mouth Starch Maltose Ttog
Stomach lining Stomach Protein Peptides 2

Amylase
Pepsin
Bacteria Dead bacteria

Hydrochlorie acid  Stomach lining Stomach and fibrous and softened —

foods food
hydrogen Neutralises
ks Pancreas Duodenum  Acid S
lase Pancreas Duodenum  Starch Maltose 7to9
! o Fatty acids
Lipase Pancreas Duodenum  Lipids and g | 7to9
Bile salts Liver Duodenum  Lipids Lipid droplets —
Sodium hydrogen MNeutralises
Eome Liver Duodenum  Acid i

e s | ot
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lleum
" The function of the ileum
Food entering the ileum is almost fully digested. The end is to absorb nutrients.

products of digestion are given below.

@
The end products of digestion @
— fod | Digested to
Carbohydrates Monosaccharides (e.g. glucose) 4
Proteins Amino acids
Lipids Fatty acids and glycerol Q
i Villus (plural: villi)
i As mentioned earﬁ&h:a lining of the
duodenum anghileum contains many villi,
Sl which increa mrfa:e area for

{a) TS aof small intestine

abmrptit@is absorbed by diffusion.

E—— Microvillus

Wall of villus
Capillaries
Vernule %
{leading to hepatic portal vei
Arteriale
-— Muscular wall

(b} LS of villus @
; Figure 3.15 S‘

(a) Transverse section (T5) of the small intesfine o

{b) Longitudingl section (L5) of a vi Figure 3.16 Villi: note the lacteal in
the dissected villus
Adaptations of the villi forfabsorptin
@ Large numbers {increaserthe surface area)
® Large numb villi (increase the

surface area) Hepatic vein ——

@ Their walls are aply one cell thick
® They ha ich blood supply

Hepatic artery

Liver
The capillaries in each villus absorb water and
solub rients such as glucose, amino acids,
vital nd minerals. The capillaries carry the
ndtrients to the hepatic portal vein, which
hem to the liver. The liver acts as a

Hpm

warehouse, storing some nutrients and o

releasing others for use throughout the body., Rgure 3.17 The relationstiip befweeen

the ilewm and the liver

1 9]
i
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Amino acids cannot be stored in the body (they become toxic). Any amino acids not used
the body are broken down in the liver, forming urea, This process is called deamination,

and other waste leave the liver in the hepatic vein and eventually pass to the kidneys. Here it
farms part of urine, which is then excreted. "

Lacteal

Inside each villus is a lacteal (see diagram
3.15). Each lacteal contains a liquid called
lymph. Fatty acids and glycerol are absorbed
into the cells of the villus lining. Here they
re-form into fats. These fats are coated with
protein and pass into the lymph in the

lacteals.
. Lymph vessel

The fats are transported by the lymph, which
carries them to the bloodstream in lymph

vessels, The protein coat is dissolved in the .
blood and the fats are absorbed into cells. 0

Musgular wall

ure 3.18 The relationship between
the vilfus and the lacteal

i
Did you know? ::f" &5

It takes lymph about 18 hours to pass the intestine to the bloodstream. g%
Lymph flows into the blnndatma@he subclavian veins near the base of the neck.

® |ltisverylong

Adaptations of the small inﬁg(r absorption

@ It has numerous vi micravilli (which increase the surface area)
® The walls of the willi ry thin

® Thereis a ric supply to carry away water-soluble products
® Each villus has alymph supply (lacteal) to carry away the fats

Large intestine

The larde intéstine is only about 1.5 m long (compared with the small intestine, which is about
6 Mtis called large due to its greater diameter (about 6 cm, compared with 3 ¢m for the
small intestine). Food stays in the large intestine for between 10 hours and a few days.

3"
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Colon
The function of the colon

The liquid waste is to reabsorb water.

that enters the large
intestine is converted to semi-solid waste called
faeces by the reabsorption of water. Faeces are
stored in the rectum before being egested
through the anus. (Note: Faeces are egested and
not excreted. This is because excretion is the
removal of the waste products of metabolism

from the body. Faeces are not the product of

metabolism.) o &

Figure 319 T5 of the
colon

i

1,

5
[t

LK w
Did you know? G L —
Diarthoea occurs when unabsorbed material moves too rdp dl through the
colon, Less water is then reabsorbed and the faeces coptain more liquid.
Constipation is the reverse. It results from unabsor rial passing too slowly

through the colon so that too much water is rea bed. It may be controlled by
eating more fibre, which stimulates peristalsis

|"‘ ﬂﬁ?

=

3. 24 What are the end products of di:gé’stmn:'
3.25 Mame the end products of food digestion that are:

il
b

(i) soluble

(ii) insoluble in water @S,
3.26 Explain what happens t&:tt;e

(i) water- sclubleﬁﬁd prod’uct's

(il) water- mmlubie ehd products,

For the questions’ belnw ﬁuﬂse the best option AB.C or D.

S

3.27 Proteins are u:hn=_-;"'|-|i-u:.:»:llg..r digested in the:
¢

(a) m-:mth "~ (b) stomach (c) liver {d) large intestine,
3.28 Themténﬂacteals is to absorb:
1,;1 starch (b} amino acids (c) lipids (d) proteins.
3. 29 "I'Im‘!.ubstance produced by the pancreas to neutralise stomach acid is called:
Ia‘]L chyme {b) maltose (c) vitaminD (d) Sodium hydrogen carbonate.
mx The stomach has a pH of;
R @) s (b) 2 () 8 (d) 12

ENOL Girk Sis Mad 3nad &7 {Q‘-‘, WG nPl!-F'H|
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Transport in plants,‘
,;- \

G

& I
Learning outcomes N
At the end of this module you will be able to: Q

® Compare passive and active transportation (2151

@ Explain the process of transpiration in plants (2133 . Q
® Analyse the internal and external factors affecting the prNof transpiration (5133
® Recognise external factors causing the movement wnces on the phloem [2.134

@ Keywords Q
i turgor pressure  « root

¥ active transport » passive tr
v xylem «' phloem + conce gradient «" osmosis ' diffusion
& v wilt + transpiration hl.%dit}l' translocation + source + sink

S e e e G e e e

Passive transport QJ

Passive transportisap ss that occurs without the cell needing to expend energy to
accomplish the movernent. Ifpassive transport, substances move from an area of higher
concentration to an Qlower concentration. Diffusion and osmosis are both forms of

passive transport.

Osmosis lant cells

The cytoplas plant cells contains many dissolved
solutes, As a Ees.ult, the concentration of the

cyto of plant cells is far greater than that of
pu r. This causes water to move into plant cells
osmosis. When this occurs, the cytoplasm swells
ushes against the rigid cell wall. This causes the

build-up of pressure known as turgor pressure (see
é Figure 4.1). If there were no cell wall in plant cells, °

the continuous movement of water into the plant Figure 4.1 A wilted plant

| ENOL Gird S5 Mod 4 inad. 58 @ IWIE 528 PM
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MODULE

Turgor pressure provides mechanical support to plants, helping the leaves and stems of

4 TRANSPORT IN PLANTS

non-woody plants to remain upright. During hot weather or drought, a plant will start to wilt

due to loss of turgor pressure,

Turgor pressure is the pressure that is caused by water passing into the cell by
osmaosis, resulting in the cytoplasm and vacucle pushing against the cell wall,

If plant cells are placed in a concentrated salt solution, water will move out of “F pl by
osmosis. This causes the cytoplasm and the cell membrane to shrink away from | weall,
resulting in gaps between the cell wall and the cell membrane, This condition.ds.known as
plasmolysis (see Figure 4.2),
Plasmolysis is the shrinking of the cytoplasm and the movement cell
membrane away from the cell wall due to loss of water by is.
Turgor pressure Plasmnlyrsia\'
& _i\'\ o m
Nucleus | j =3 Cytoplasm
Vacuole P
Cell wall Cell wall
"~ Figure 4.2 Cells showing essure and plasmolysis
Active transport v
Active transport is the move of a substance from an area of low concentration to an
area of high concentratioh against a concentration gradient, Active transport requires
energy.
E:rta;:'i 50 bsti: ne required in I:rgehamouT's e ® @
cells, e.9. glucose and amino acids. This results
. ; : ® &P C L
in the accumulation'df these substances in the cell
in high co ions. In order for more glucose LB @ mump ®
or aming acids to move across the cell membrane, ® ® PP @
energ quired. The movement of these ® a ® ® @ @
sub 5 is against a concentration gradient & *®

: Law High
(ffam a low concentration to a high o
ntration). ~ Figure 4.3 Aclive transpart

ENOL Grt S5 M 4 s 59 o)
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Active transport is required for the movement of important plant nutrients (nitrate and
phosphate ions) from the soil solution into the root hairs of plants. These nutrients are
dissolved in the soil solution and are absorbed inte the plant through the root hairs, The
rmovement of these nutrient ions is from a region of low concentration (soil solutio g
region of high concentration (root hairs) against a concentration gradient. &

0o &

4.1  Define the terms ‘osmosis’and ‘turgor pressure’ N

4.2 State two differences between active and passive tmnﬁportQ
4.3 What causes plants to wilt in long periods of dry weather?
4.4  Explain what would happen if you placed a sample of plar%m in a concentrated salt

L T F TR R R TR YRR T F YR FrFrF TR FRrFEEY Nﬂnn---—n———.—.n-.--nnr-

The transport of water in the vascularme of plants

E L N W W

In plants, xylem tissue is responsible for the trans er and minerals from the roots to
the leaves. Water is an essential ingredient for ph nthesis and it is vital that
photosynthesising cells have a plentiful supply. vement of water from the roots up to
the leaves of plants can be explained by ssure, cohesion-tension and transpiration. As

a result, water moves as a continuous colum the xylem tissue from the roots to the leaves,
@ This movement of water in the xylem v is known as the transpiration stream.

the roots up to the leaves in plan

Root pressure

Root pressure is caused b :hnﬂnunus movement of water by osmosis, from the soil into the
- 1@ ld-up of pressure, which forces water into the xylem vessels and
tracheids. Root pressure onits own is not sufficient to push water up to the leaves of large plants.

The transpiration stream is the w"u pted passage of water in the xylem tissue from

root hairs. This cause

Root pressure ca strated by cutting a herbaceous plant close to the bottom of the stem.
Alittle bubble of water will form on the top of the cut stem. Root pressure can be responsible for
forcing wa fthe leaves of grasses and strawberry plants in a process known as guttation.

e Figure 4.4 Movement of water into a Figure 4.5 Root pressure forces water
plant root system out of the leaves of grass
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WODULE 4 TRANSPORT IN PLANTS
Transpiration h
Water is constantly lost through the stomata in the leaves by evaporation.
Transpiration: the loss of water by evaporation from the leaves. &

As a result, water is drawn out of the xylem vessels to replace the water lost through Q

evaporation. This pulls water up the xylemn vessels. Q
* L3 .‘
Cohesion—tension model l\'
Water molecules tend to stick together, causing a force known as cohesion, | ition, the
loss of water from the leaves by transpiration creates a tension and the com n of these

forces together pulls water as a continuous column up the xylem vessel @trachaids.

&
Factors that affect the rate of transpiration ‘\’
The rate of transpiration is not constant and is influenced by a Mu’f factors. The factars
that affect transpiration are summarised in Table 4.1. Q

Table 4.1 Factors that affect the rate of transpiration

On hot days the rate of transpi ncreases, The rate of transpiration
decreases on cold days.

©On calm days a layer of wateﬁr builds up around the stomata,
increasing the humidity and sing the rate of transpiration. On windy
days the rate of transpir i ses as air movement across the stomata
prevents the build-up of d air.

If plants experience shortage, as in the case of droughts, the
stomata of the | 5 in an effort to reduce transpiration and
conserve water, soil water is plentiful, plants respire at a higher rate,

Light stimula opening of the stomata, increasing the rate oftranspiration.
Stumata a lly closed at night, reducing the rate of transpiration.

If the airds dry and low in water vapour, the rate of transpiration increases.
If th or the air is high in water vapour, the rate of transpiration
@Q s the air becomes saturated with water vapour and can hold no

O

4.5 Expl e following terms:
(&), Root pressure {c) Transpiration stream
ranspiration {d) Cohesion
(a) How does increasing relative humidity affect the rate of transpiration?
(b) List 3 other factors that affect the rate of transpiration.
7t Briefly describe the movement of water from the roots to the leaves of plants.
4.8 How do plants react at times of drought?

Evaporation of water from the:quf ants helps to keep them cool.

-
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Activity 4.1 &

Question

How can we measure the rate of transpiration?

Equipment needed

Scalpel or safety blade
Leafy shoot (use a plant that has a thin, waxy cuticle, e.g. beech or lilac)
Potometer

Large basin (or sink) Q

Safety
® Take care when using the scalpel.

Conducting the activity

1. Cut a leafy shoot at an angle under water. Q

Figure 4. ing the rate of transpiration using a potometer

2. Immerse the @t&r nder water. (Mote: If air gets into the xylem vessels it can form an air lock,
ith

interfering wi nspiration.}
3. Place the | ool into the potometer.
4. UseVasel seal all the joints of the potometer and prevent air entering.
5. Place 1HEJ:atnmeter in front of a lamp.
6. the capillary tube from the beaker of water and allow an air bubble to enter the capillary

. Re-immerse the capillary tube in the beaker of water.

Using the scale, note the start position of the bubble.

Leave the potometer for two hours.

. Measure the position of the bubble after two hours and calculate the distance travelled by the air
bubble.

. The rate of transpiration is calculated by dividing the distance moved by the air bubble by the
time taken. Units for transpiration cmJ/min.

| BIOL Girk S5 Mod 4 nexd 82 @. WWIE 52T PM



HODULE 2 TRANSPORT IN PLANTS

Record your results.

This activity can be repeated using a fan or hairdryer to investigate the effect of wind on the rate of
transpiration.

0000

Why is it important to avoid air getting into the xylem vessels in this experiw@
4.10 What did you observe about the air bubble in the capillary tube?

4.11 What can you conclude from your results?

e . e T 0 0 0 S I I, . 0 I S O .

P 2 =
Eti/vity 4.2 A \v -x

Question Q
How can we demonstrate the production of water during tra

%ﬂlon-
Equipment needed

Geranium or busy Plastic bag rous copper
Lizzie Bell jar Sulfa
Safety

® Be careful when handling the bell jar as it @:t&ak and cause injury.

Conducting the activity @
1. Ensure the plant is well watered befor start of the

experiment.
2. Wrap the bag around the ba
the pot and the surface of
water evaporating fr 50
Place the plant under jar.
Leave in a sun ation for a few days.
Condensation ild up on the inside of the bell jar.
Heat hydrated coppér sulfate over a Bunsen burner
to rermove the water from the compound. When the

the'plant to enclose
This is to prevent

;owm B W

copper hanges from a blue colour to white, all
Figure 4.7 Condensation an
the inside of the bell jor is due to
7. U rous copper sulfate to test for the presence of transpiration

dd a few drops of the liquid that has condensed

on the inside of the bell jar to the anhydrous copper sulfate.

the wate evaporated and it is now anhydrous.
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pra

Q) Ir Tk :

4.12 What variable did you try to eliminate in this experiment? g

4.13 What happened when you added some drops of the condensed liquid to th er
sulfate?

4.14 What did this test prove? &

R i -

Translocation @

Translocation is the movement of sugars produced ianﬂ (sources of sites
of photosynthesis) to other regions of the plant fu%e r use (sinks).

Phloem sap is primarily water with sugars
and plant hormones dissolved in it. The
movement of the phloem sap can occur
up and down the phloem sieve tubes
from sites of sugar production, known
as sources (sites of photosynthesis) to

regions where sugars are required or
stored; these regions are known as sinks.
Important sinks for the storage ann%f
sugars include roots, flowers, fruits. and
sterns. Plants store their sugarsm rch.

The mechanism by which sap
moves is best describ he pressure- 0

flow hypothesis. In p thesising Figure 4.8 Translocation in a flowering plant

leaves [sources), %ﬂm moved into
phloem tissug by active transport. This increases the concentration of sugars inside in the

phloem ti result, water moves into the phloem cells by osmosis. Since the walls of
the phloem cell§’are rigid, pressure builds up. In non-photosynthesising regions (sinks),
sugars are constantly being removed for storage or use. As a result, water also exits phloem

tissu mosis, causing a decrease in pressure, This produces a pressure gradient between
the e and the sink, which causes phloem sap to flow from source to sink.
.

4.15 Translocation is the movement of sugars from sources to sinks. Explain what is meant

& by the highlighted terms.

| EROH Gl 58 Misd 4 incdl 84

4.16 Explain the difference between transpiration and translocation.
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MODULE

'Respiration a
Excretion

Learning outcomes k

At the end of this module you will be able to: @%?

® Compare the processes of aerobic and anaerobic respiration and their chemical equations
EXFE] %?

&
Consider the relationship between muscle fatigue and the %g;sses of aerobic and

anaerobic respiration (9,143 %
Describe the structure and the function of the nephron (21511

Describe the processes of the filtering and formation of Ui
Describe factors that affect the functioning of the k@ EIET]
ry

Explain measures of prevention of kidney and urina ct diseases (2154

Identify a link between habitat and end prod etabalism in different organisms (9155

i =
'._ i 1

@ Keywords %

v aerobic respiratinn@aembic respiration « glycolysis
¥ lactic acid +" nephrof " artericle ' reabsorption
v filtrate v diur&’ kidney stone + nitrogenous wastes

o
%

Aerobic respiration-
Living things neeqéﬁgrgy_ to allow them to move, grow, stay warm and repair damaged parts.

They get their enérjﬁr_ﬂfﬁ food in a process called respiration.

The majority nf living things need oxygen for respiration. This type of respiration is called
aerobic rESpi;ﬂ.ﬂbl‘l Aerobic respiration needs oxygen to release energy from food.

To alluw_:aerdbﬁ respiration to take place all cells need a supply of glucose and oxygen.

® G Mm:i; is carried by the blood from the small intestine to all the cells of the body.

L) ﬁiﬁen is carried by the blood from the lungs to all the cells of the body.

I' ~ln all living cells glucose combines with oxygen to release energy and the waste products
-:arl:rr:-n dioxide and water vapour.

=
Ln
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MODULE 5 RESPIRATION AND EXCRETION

® Some of the energy is used by the cells while some is lost as heat.
® The waste products are carried by the blood to the lungs from where they pass out of
bady.

Respiration is the release of energy from food.

Body cells

s {respiration)
Lung @

Figure 5.1 Gas exchange in the | d body cells

(A

Energy
Carbon dioxide

Water vapour

bic respiration are carbon dioxide, water and energy in the form of ATP (adenosine
phosphate). ATP is the energy source used by cells.

Aerobic respiration is the controlled release of energy from glucose
in the presence of oxygen.
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MODULE 5 RESPIRATION AND EXCRETION

The overall balanced chemical equation for the reaction is: 1 '

Glucose + Oxygen — Carbon dioxide + Water + Energy

C,H,,0,+60, — 6CO, +6H,0 + Energy "
The first stage of aerobic respiration, glycolysis, takes place in the cytosol, This stage d l"lﬂl:' a

require cxygen and releases only a small amount of energy. During this stage, glu i
broken down into two molecules of pyruvic acid. ¢

If oxygen is available, the pyruvic acid passes into the mitochondria and goes through a series
d ﬂn in

of chemical reactions which result in the pyruvic acid completely breakin to carbon
dioxide and water. This process produces a large amount of energy. %

L *‘\,
ve s

5.1 Define aerobic respiration. Write a balanced chemi to show the products
of aerobic respiration. %

CH.O.+60. —+
5.2 Aerobic respiration occurs in two stages in pla nt@mal cells,
(a) Mame the first stage of aerobic respiratigfand identify the location in the cell
where this stage occurs.
(b) Mame the organelle where the secw of aerobic respiration occurs.

A A T T T

Anaerobic respiration %

Anaerobic respiration differs from ae piration in that it occurs in the absence of
oxygen, Like aerobic respiration, i%uses glucose and produces energy, but less energy
because no oxygen is present,

Anaerobic respiration mur%es which have a high energy demand, at times when
there is insufficient oxygen for the'energy needed to be produced through aerobic respiration
alone, such as when m worked during vigorous exercise. Anaerobic respiration takes
place in the cell cytoplasm and produces lactic acid.

Glucose — Lactic acid + Energy
CH.,0, — 2CHDO, +Energy

3 P

Lactic acid accumulates during strenuous exercise and this causes muscles to feel sore, begin

to twi d eventually reach a point where they can no longer contract. Following

ana respiration, the lactic acid needs to be oxidised so it can turn into carbon dioxide

and water, and this is why we say that after anaerobic respiration there is an ‘oxygen debt'in
Il. Think of an athlete after a workout breathing heavily, taking in the oxygen needed to

breakdown the lactic acid.
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MODULE 5 RESPIRATION AND EXCRETION

5.3 Under what conditions do humans respire anaerobically?

5.4 What is the end product of this process? .
5.5 What is the effect of this product on muscles?
5.6 Give the word equation to represent anaerobic respiration in human muscle.
| &
Ll fEMiNey  pEMEEL & o L4 orifog:
; JI%“:';UJ p l"‘l
| Y
Activity 5.1 N 4
P

Question "

How can we show that muscles working harder will tire sooner? ‘&}

Equipment needed \ ) t
1 set of workout weights per group Q
Conducting the activity o L

Procedure 1 0 Figure 5.3 Opening and

1. Sitin a chair and rest your elbow on the d closing hand's
2. Open and close the hand of your strong at the rate of once every three seconds.
@ 3. Record the time it takes to feel muscle%le e point at which it becomes too painful to
continue the action).

4. Rest your hand for two minutes.
5. Repeatsteps 1 to 4 at a faster ﬁpe@ening and closing your hand every 2 seconds and then

every second. Record your re@
Procedure 2

1. Stand with legs at shou %ﬂ;‘th apart.
2. Perform a bicep curl Figlre 5.4) every three
seconds, Use your r arm or both arms.

3. Record the timeit takes 10 feel fatigued (the point at
which it bec painful to continue the action). |
4. Restyoufarm for minutes,
5. Repe 13 4 using faster speeds of bicep curl.
A

M-l'\-r-!tc Ry,

Figure 5.4 Bicep curl

What did your results show? Were they conclusive?
How would you describe the physical effects of such exercise?
5.9 What can you conclude from the experiment?

e P RS FFF T TFFE T FT SRR FFFr TR F R N T rFFFFFYRYYYY N

S
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3

The kidney
The main function of the kidney in the body is the production of urine. It is also responsible

for the removal of wastes from the blood such as excess water, salt and urea. .

Kidneys occur in pairs and are located in the abdominal cavity just below the dia phragm,@
left kidney sits higher than the right kidney due to the presence of the liver on the right-han

side of the abdomen. Kidneys are bean-shaped and are surrounded by two layers o%
protection. The kidneys form an important part of the urinary system. & \

The urinary system

® Kidney: site where urine is produced

® Ureter: duct that connects the kidney
to the bladder, carrying urine to the
bladder for storage

@ Bladder: site where urine is stored until
it is expelled from the body

@ Urethra: duct through which urine is
expelled from the body

@ Renal artery: supplies oxygenated
blood to the kidney from the dorsal

aorta; this blood also camries wastes to %Figu'g 5.5 Urinary system @

be filtered from the blood
® Renal vein: carries blood away from twnﬂz after it has been filtered,

Structure of the kidney Q,

i i i Brarch of
The kidney consists ofappmuma% JSod o
one million tubules called nephrons. o\
i - i . - Distal conwiubed
The function of the nephron Bowmanis cagsuie — H - 7 (ool hbuie
produce urine, Mephrons are | in il el { -
: Proienal convoluted
the cortex, but extend i Teoded] lobule

medulla. Each nephfion consists of

several parts. Ad anephron is Loopesd pevtion of tubule
. (B0 of Harde)

shown in Figure 5.6,

L
The C-shaped'Structure on the upper o Figure 5.6 The nephran
gur K

end of th nis called Bowman’s
capsule The nephron extends to form a tubule called the proximal convoluted tubule, which
in tur, s to form a U-shaped tube called the loop of Henle. The loop of Henle ascends

intot stal convoluted tubule, which in turn leads into a collecting duct.

69
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Each nephron has its own blood supply. A branch of the renal artery enters the Bowman's
capsule, which divides to form a number of capillaries, This cluster of capillaries is called a
glemerulus, This part of the nephron is located in the cortex of the kidney and it is the
concentration of glomeruli that gives the cortex its dark-red colour. The capillaries diai into
an arteriole, which loops around the nephron. The capillaries lead to venules, whic&

lead to the renal vein,
x«ﬂnu.ﬁ% Q
QU :

-’/

L i il e e

Q
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5.12 What happens in the Bowman's capsule?

5.10 What are the main functions of the kidney?
5.11 What is the function of the nephron?

Production of urine \

Blood enters the glomerulus and is filtered under h sure. Blood cells are too big to be
filtered but glucose, salts and waste filter from the mms through the walls of the
Bowman's capsule. The filtered blood leaves the g ulus through the arteriole. However, if
glucose, salts and water were to be continually re d from the blood through filtration the
body would soon become dehydrated an of nutrients. Selective reabsorption of

nutrients prevents this from happening.

3"

—

Selective reabsorption: a process whe%e body reabsorbs certain molecules for use in
the body by active transport. The %ulm include glucose, amino acids, vitamins and
water (which were removed in the tion process).

Selective reabsorption ,‘

Selective reabsorption takes

place in the proximal
increased passing of urine.

An anti-diuretic is a substance that supresses
the formation of urine.

Did you know?

sodium concent
maintaine e walls of the

proximal co d tubule by

pumping sodium out of the
wall tlvé' transport. The filtrate moves from Bowman's capsule to the proximal
ol tubule. Ma+ ions then pass from the glomerular filtrate into the wall of the
ximal convoluted tubule due to the low concentration gradient. This process takes place
ssive diffusion. Cl- ions are also reabsorbed. Water is also reabsorbed and passes
ugh the wall of the proximal convoluted tubule by osmosis. Other toxins accumulated by
the body are added to the waste fluid as it passes through the distal convoluted tubule.

BIE
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The amount of water that is reabsorbed is controlled by a hormone called anti-diuretic

hormaone (ADH), which is produced in the pituitary gland. ADH increases the permeability of

the collecting duct, allowing water to be absorbed, The more water that is reabsorbed, the

smaller the volume of urine produced. If the osmotic pressure of the blood falls, ADH is no "
produced by the pituitary gland. The collecting duct ceases to be permeable and water is%

reabsorbed. A greater volume of urine is produced. q

Q)L =
5.13 What is selective reabsorption? Q

5.14 Where does reabsorption take place?
5.15 What does ADH stand for and where is it produced in the bc:sl;?

SR

_.FF'\-I-.-JI-F.-JJ'-FF--.------.r-‘.FFFFFFF-.-.A—JH—-FHF--HF-_FH—

Factors affecting kidney function 0\9
5 of fluid to the bloodstream

The role of the kidneys is to filter and return around 200
every day. About two litres are removed from the bady ‘orm of urine, and about 198

litres are recovered

There are numerous factors that can affect the condi and functioning of the kidneys but
the main ones are;

® Poor diet can increase the risk of kidnmease by causing higher blood pressure and

cholesteral levels, Obesity is associate poor kidney function as are diets which are
high in salt content. Itis recnmmw that people limit their salt intake to 6g a day as
r

mere than this is likely to lead to hi blood pressure,
® Smoking is another key facta&d to poor kidney function because it leads to
cardiovascular disease whi
@ Taking exercise helps ki

is associated with kidney disease,

ction as it helps reduce blood pressure,

@ Alcohol can cause c* in the function of the kidneys and make them less able to
filter your bl t can dlso affect the ability of the kidney to maintain the right amount
of water in t y

@ PFatients suffering a range of conditions such as tonsillitis and hypothermia will also

need their kidngy function closely monitored as kidney failure can be linked to these
illnesse

Q
Q
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Kidney diseases . 1
CKD

QD

| EROL G 58 Mod S imsdd T2

Chronic kidney disease is defined as having some type of kidney abnormality, or ‘martker’ stich
as protein in the urine and having limited kidney function for a period of three mo

longer. The two conditions most closely associated with CKD are diabetes and high bload
pressure. Diabetes occurs when the body does not make enough insulin or
normal amounts of insulin properly. This results in a high blood sugar | nd is the leading
cause of kidney disease. High blood pressure occurs when the force ofeh:‘h

artery walls increases. Q

ainst your

Polycystic kidney disease

Polycystic kidney disease is the most commeon inherited kid‘ isease, In this condition
kidney cysts form that enlarge over time and may caus icus Kidney damage and even
kidney failure.

Kidney stones

Kidney stones are one of the most common 0

conditions associated with the kidneys. Th Lses

range from an inherited disorder that cause
much calcium to be absorbed from fou%
infections or obstructions of the urinary tragt.

Patients with kidney stones can ex ce severs

pain in the back and side whe stones pass. In

cases where stones are too la ss naturally,

patients can have stones r%:d or a treatment to a
break them down into Il pfeces that can pass out — Figure 5.7 kidney stones
of the body.

Urinary tractﬁhiu ns

Urinary tragt i jons occur when germs enter the
urinary tract ause symptoms such as pain or a

burning sensation during urination and result in a
mor ent need to urinate, These infections most
oft ct the bladder, but they sometimes spread

the kidneys, and they may cause fever and pain in

back. In women most infections are caused by

bacteria from the bowel that reach the urethra and ﬁ
bladder. In men, most infections are the result of -
problems that restrict normal urine flow, such as an
enlarged prostate,

g Figure 5.8 Urine samples in a laby

RIE
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Excretion in the animal kingdom . é

We have defined excretion as the removal from the body of the waste products of metabolic
activity. We have seen that one of the basic functions of excretion is the removal of nitrogenous

wastes that would be toxic if built up in the body. %
d

How different types of animal in the animal kingdom excrete such nitrogenous wastes an
the forms in which they excrete them are linked to the evolutionary development oé
animal and the habitat in which it lives, &

Mast animals that live in aquatic habitats eliminate nitrogenous wastes as ammonia.
Ammonia is highly toxic but also very water soluble and hence can be E&shed by

animals in aguatic habitats.

Land animals, with more limited access to water, need to excrete ni;mgeﬁ% waste in less
toxic forms. In the case of mammals, nitrogenous wastes are excretea”ne form of urea, This
is less toxic than ammonia and can, therefore, be stored in highe entrations. In the cases
of reptiles and birds, wastes are excreted in the form of uric acide in the form of a semi-solid
paste. Although this requires more metabolic energy to pm requires very little water

to flush which means less weight to carry around, &

Table 5.1 Nitrogenous wastes

Hf EHH
L 4
NH; 0= EH NH: e
) . NH G-{\ /HH
Ammonia 2 HN=Cy
Urea o
J Uric acid .
o ‘0 _,
5.9 Most aquatic Figure 5.10 Maommals and Figure 5.11 Reptiles, birds,
amphibians fnsects
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5.16 Which of the following are the main functions of your kidneys? *
[A) tosupport healthy bones and tissues *
(B) to keep your blood pressure normal
(C) toclean the blood Q

(D) all the above
5.17 MName the nitrogenous waste product of: * Q’
{a) acat N
(b) alizard
() afish. Q
5.18 Give two common symptoms of a kidney infection. %

5.19 What is a common cause of a urinary tract infection ip
(a) women

{b] men? \
5.20 Mame two conditions which can cause chronic ki ilure?

L
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MOLULE

Regulation and
Response

Learning outcomes
At the end of this module you will be able to:

® Establish the connection between the function and structure of nerve cells#.1.71

@ Describe the functions of nerve tissue and its components [3.1.72

@ Describe the origin and conduction of nerve impulses (%173

@ Explain the mechanism of neurchumoral regulation (31741 ™S, . i

® Explain the mechanism for maintaining constancy of the internal environment of the
organism (2173 N

® |dentify the effects of growth regulators on plant life ;L?ﬁa

v homeaostasis + internal environmen
¥ neuron « dendrite " axon se o repolarisation + depolarisation
v hormone +° gland + tropism »* totropic » growth regulator

@I Keywords I o
ponse + stimulus ' nerve impulse

»

External and Internal environments

The term ‘external environmenkisefers to the surroundings in which an organism lives. The
external environment for amoeba’is fresh water; for humans it is the air around us. Most
organisms (apart from humans) have relatively little ability to control their external

environment.

The term ‘internal’@mfirafiment’ refers to the surroundings of the cells in a multicellular
arganism. The internal €nvironment of humans is tissue Auid (or intercellular fluid). Tissue
fluid surrounds every cell in the human body. All organisms have the ability to control their
internal envif@mient, or their cell conditions, to some extent.

Homeéostasis

HomeoStasis involves a combination of many processes acting together to control the

ifternal environment of an organism. Examples of homeostasis in humans include:

@ Maintaining body temperatures very close to 37°C, despite widespread changes in
external temperatures
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Preventing the build-up of toxic chemicals in the body
Maintaining sufficient levels of oxygen in the body
&

Regulating the level of glucose in the blood plasma so that it stays close to 0.1
nh;ms

Keeping the pH of the blood and tissue fluid very close to pH 7.4 1

The control of features such as those listed above requires the invalvement of ma
and organ systems. For example: Q
® Body temperature is controlled mainly by the &

~

skin

® Blood plasma pH and, consequently, tissue
fluid pH, is controlled by the kidneys

@ Prevention of the build-up of toxic wastes is
controlled by the liver and kidneys

@ Oxygen concentrations are controlled by the
respiratory system

® The level of glucose is controlled by the
harmaone insulin produced by the endocrine

system. 0 .
dg

The brain co-ordinates the activities of the
organs and systems in humans. To allow t o = U mm .

@ happen, the brain must be continuousl Figure 6.1 Body temperature in hot {left)
informed of conditions, both inside an de and cold (right) temperatures: red is 37°C
2 and dark blue fs 25°C
the body, so that it can cause the r%t

change(s) to be made.

<

Homeostasis requires exchange

In many cases, homeostasis is dependent on an organism exchanging materials with its
environment by diffu masis and active transport. Diffusion and osmosis do not require
energy, but active trans does. For example, materials such as gases, nutrients and toxic
wastes have to m‘ﬁ:ged between cells and their external environment.

The rate a cigncy at which exchange can take place depends on the amount of material

to be exchanged and the surface area available for diffusion.

® F alfsingle-celied organisms (such as amoeba), special organs are not required for
ge. This is because there is a large surface area over which a relatively small

amount of material can be exchanged.
‘én larger, multicellular organisms, such as plants and animals, the problems of exchange

are overcome by a range of methods, Some of these methods require the development
s of exchange systemns such as respiratory and excretory systems, as outlined below,

'-u._]'
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Methods used to improve exchange

@ The organ or organism may be flattened,
as is the case in the leaves of a plant. This
reduces the distance between the two
surfaces and allows sufficient materials to
be exchanged by diffusion.

@ Respiratory systems provide increased
surface area for the exchange of gases by
diffusion. This is seen in the development
of alveoli in the human lungs.

® Respiratory and excretory systems take
materials to the body surface. This
happens in humans where gases passin
and out of the lungs and waste products
are excreted from the body (e.g. when o

salts and water are removed from the

Figure 5.2 .fr have a large surface area for
body in the form of sweat). gas éxghange

In addition to the methods outlined above, large organisms have another problem. Exchange
is only effective over short distances (about 0.5 mmy, Therefore, large active animals such as
humans have to develop a circulatory system,

A circulatory system transports materials such as gases, nutrients and toxic wastes over long
distances. For example, gases are transporgeddy the blood circulatory system from all over
the body to and from the lungs. In addition, Waste products from all parts of the body are
taken to the kidneys in the bloodstreating

The need for homeostasis’
Homeostasis allows ovganlsms to function efficiently

Homeaostasis controls the@nvironment surrounding the cells. This allows the cells to maintain
constant conditions, thus enabling them to function under the most suitable (optimal)
conditions. If the gélisibperate under ideal conditions then the organism will function most
efficiently. For example:

® [f the temperature of the cells in the human body falls below 37°C, the reactions in the
cells will ﬂ;:w_duwn (because the rate of enzyme reactions slows down). This will result in
the metabolism of the person slowing down,

@ [f thetemperature of human cells rises above 37°C, the reactions will also slow down
(because human enzymes begin to lose their shape and work less efficiently at high
temperatures). Each human cell (and as a consequence the human body) works most

“efficiently at 37°C.
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Homeostasis allows organisms to function independently of their
external environment

Homeostasis allows organisms to function most efficiently in adverse or unsuitable external

conditions.
& |
® For example, humans can continue to Frof RN AT RN AP i

function when the external temperature

drops in winter because they can contraol
their internal temperature.

® However, frogs, for example, cannot control
their internal temperature. Their temperature

Internal temperature (*C)

rises and falls with the temperature of their

external environment, L ]

0 . ' :
® Asa result, low temperatures cause frogs to 5 20 s 0
slow down their metabolism, In order to External temperature (*C)

avoid slowing down (and dying) in the cold , ;
6.3 The relationship bet
of winter, frogs are forced to hibernate in o e relationship between body

perature and external temperature
order to conserve energy.

Homeostasis allows slight chan internal environments

@ Itis important to realise that conditions jn the internal environment of any arganism have to
be allowed to change or fluctuate sligh%:'r example:

® Human body temperature fallsg:rout 1%C) at night when we sleep
® Human body temperature rises when we get an infection (this is called a fever and is an
attempt by the body to de@hatever is causing the infection)

' Figure 6.4 A high temperature indicates infection
&I‘he internal environment of the body changes due to hormonal changes during:
» The menstrual cycle = Puberty =  Menopause,

In the short term, homeostasis maintains a relatively constant internal environment. However,
homeostasis can be adapted to allow for the changing requirements of the body over longer
periods of time.

8
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Q)

6.1 What is homeostasis? Mote one reason why it is important in the human body.
6.2 Why are circulatory systems found in large animals but not in small ones?
6.3 Suggest one method by which an organism without a circulatory system might

fe

transport materials.
6.4 State one way in which each of the following contributes to homeostasis.
{a) Liver (b) Lungs () Mephrons of

6.5 ‘Homeostatic mechanisms allow for temporary changes in the internal EWEI‘H"
Give two examples in support of this statement.

L A N N N Yy r Ty Y yryywwyn ..MQ-.I Y

The nervous system

All animals have the ability to respond to a stimulus. Animals use theic skeleton, muscles,
brain, nerves and hormones to respond to stimuli, The brain, nemvous s

B,

em and hormones
{endocrine system) control the behaviour and actions of animals in pid response to a
stimulus.

The nervous system in vertebrate animals consists of two parts: the central nervous system
(CNS) and the peripheral nervous system (PNS).

The central nervous system (CNS)

The central nervous system consists of the hraw the spinal cord. The brain is protected by
the skull and the spinal cord is protected by th ebrae. The brain and spinal cord receive
sensory information (sight, smell, touch, t@aund: through nerves called the cranial
nerves,

The brain has a number of different re% each with its own function,

® Cerebral hemispheres: Each %}f the cerebrum Figure 6.5 makes up part of the
cerebral hemispheres. They are used for
reasoning, memaory, hea d the other

senses,
® Corpus callosum: T%we fibres
connect the | d right hemispheres.

® Cerebellum: lates balance,
movement and muscle coordination.

® Pituitary nd:tl'his secretes hormones.

® Pons: nects the cerebrum with
the gerebellum.

o oblongata: This controls

automatic functions such as breathing
nd heartbeat.
pinal cord: These nerve fibres connect

the brain to the peripheral nervous system

(PNS). Figure 6.5 The brain
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The peripheral nervous system (PNS)
ry k

The peripheral nervous system consists of sensory nerves and motor nerves. The senso
nerves include the cranial nerves, which bring sensory information to the brain and spinal *
cord from sensory organs such as the ear or skin. Motor nerves carry messages fro CNS
to the muscles and glands. %

Other internal organs such as the lungs, heart and digestive system are mun@y the
automatic nervous system and are not under the conscicus control of thtwa 4

Nerves AQ
A nerve cell is called a neuron.

Dendrite: This contains Dendrites = %
receptors that accept
impulses from other neurons,

Cell body: This controls
activity within the neuron.

Axan: This is a nerve fibre
running the length of the

neuron. Impulses are o
transmitted over axons.
ure 6.6 A motor newron

Schwann cell: This surrounds %
the axon and provides insulation.

Synaptic knob: This transmits the impulse to the dendrites of the next neuron, aided by a
chemical transmitter. The spac n the synaptic knob of one neuron and the dendrites

of the next is known as a $%e.

Generation and%lsmissiun of nerve impulses
nera

A nerve impulse is

when the stimulus is strong, The stimulus triggers both
electrical and chemigal changes in the neuron. There are different ions on either side of the
cell memb exterior side has sodium ions that are positively charged and are more in
number. The ior side of the cell is negatively charged with more potassium ions. Due to
this d ifferencg in the charges, there is an electrochemical difference.

Thei&tinn of a nerve impulse causes a change in the permeability of the cell membrane.

The m ions flow inside and potassium ions flow outside, causing a reversal of charges.
cell is now depolarised. This depolarisation results in an action potential which causes the
rve impulse to move along the length of the axon. This depolarisation of the membrane
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v

occurs along the nerve, A series of reactions occur where the potassium ions flow back into
the cell and sodium ions move out of the cell, This whole process again results in the cell V

becoming polarised as the charges are restored,
&

lons return q
Stimulus to normal
Stimulus causes lons chan
\ | a change in ions | in this se
— 4+ 4+ + 4+ttt ¥ E =4 +B o4

Figure 6.7 Transmission of nerve impulses “

When the nerve impulse reaches the end of the axon, the neurotr, itters release
chemicals which diffuse across the synaptic gap - the 5mamlmm between the axon

and the receptors. Nerve impulses can be transmitted either electrical synapse or the

chemical synapse. 0
Impulse

%/% ? "‘3:'-'. "~ Calcium
Q .

‘[ 53’“39?’": J, channel

lon channel.s

: Figure 6.8 Tn'd.ﬂ.'im.l 55 the synaptic cleft

0. "

Mam twg parts of the nervous system.
6.7 Wh rts of the body make up the central nervous system?
6.8 at is the function of the dendrites and Schwann cell in a neuron?
6.9 two types of ion create the opposite charge characteristic of a neuron's
brane?

The sadium channels close during repolarisation. How does this affect the neuron?
An action potential is created when there are sufficient stimuli to create sodium ion
changes along the whole axon. True or False?

S S
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The endocrine system Endocrine
system Whalaw
Endocrine glands @ i

, Pineal gland
Endocrine glands secrete hormones. ’

However, unlike the circulatory system or i
lymphatic system, these hormaones are Thyrmius 4

not transported around the body in '
specialised ducts. The glands secrete

: Orvary
hormones into the bloodstream. s foata)

= glands

Hormones are produced in very small
Flacents
antities and are transported by the Testicle idh
1 : S por b‘y lin r:anlell T mm:rr:crﬁ
circulatory system to specific parts of the
&

body, where they can stimulate or inhibit o N‘x
actions in the target organ or tissue. Fig“‘qe rine system
There are a number of endocrine glands in the body Figure 6.9, Each gland secretes a

different hormone which controls a different respon e body.

Pituitary gland Q’

The pituitary gland is located at the base brain below the hypothalamus. The
hypothalamus is part of the fore-brain and controls the pituitary gland. The hypothalamus

secretes chemicals that stimulate ar in@armnne production in the pituitary gland. This
has an important knock-on effect for the rest of the bady, since the pituitary gland is
responsible for the control of mwr%er endocrine glands in the body. The brain sends

information to the pituitary glawa the hypothalamus.

The pituitary gland is split into two parts: the anterior lobe and the posterior lobe. Each is
responsible for specific fu and production of specific hormones within the endocrine

system. Q
Anterior lobe

Two of the most impertant hormones produced by the anterior lobe are growth hormone
and prol

@ Growth hormone is responsible for regulating growth of bone and other tissues.

® Prolactiis responsible for praduction of milk in mammals,

] sing hormone (LH) in fernales stimulates ovulation and development of the corpus
lutetim, and in males stimulates the production of testosterone (a harmaone),

Follicle stimulating hormone (FSH) in females promotes the development of a follicle

that produces oestrogen, and in males promotes the development of the testes and

sperm production.

The anterior lobe is also responsible for regulation of the activity within the thyroid, adrenal
and reproductive glands.
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Posterior lobe
The posterior lobe is responsible for the secretion of cxytocin and anti-diuretic hormone (ADH).

Oxytocin is responsible for contractions in the uterine wall during birth and, subsequently, &
milk let-down after the birth, The production of oxytocin is stimulated by suckling in

mammals, when a signal is sent from the mammary glands to the brain, The message is

relayed to the posterior pituitary gland and oxytocin is secreted. This causes the milkductsto
contract and let-down the milk to the young mammal, &

Anti-diuretic hormone (ADH): One of the mostimportant functions of ADH is to r:g}vete water
retention in the body. This function is carried out in the kidneys, where r bsorbed
through the collecting ducts. Salt levels in the body can also be regulateg;y the reabsorption

of sodium and chloride ions in the kidney. ADH also has a role in raising pressure,

Thyroid glands a\& v
The thyroid glands are some of the largest glands in the endocrine system. They are located in
the neck just below the larynx. The main hormone secret thyroid glands is thyroxine,
which contains iodine. Thyroxine regulates metabolism iﬁe body and is also responsible for

growth. A lack of thyroxine due to insufficient iodine . o goitre, Goitre is enlargement

of the thyroid glands as they try to produce more xine, This condition is more common
in humans than animals, Lambs or calves born wi enital goitre are often born very
weak or are stillborn. This can be avoided by gi the mother an iodine supplement in her
diet prior to the birth. %

Pancreas %

The pancreas is a leaf-shaped organ t?% above the duodenum, The pancreas produces
digestive enzymes that are secreted into the small intestines. The pancreas is also invalved in
the secretion of the harmone insulin into the bloodstream. The islets of Langerhans produce
insulin. This is secreted whe @ are high glucose levels in the body. Fatty tissue, liver and
muscle cells are stimulated to takeilip the glucose. The liver and muscle then store the
glucose as glycogen, In% restricts the use of fat as an energy source.

The most common di caused by a lack of insulin is diabetes mellitus. A common
symptom is glucose e uring, which indicates a high level of glucose in the body. When
this occurs, the kidnsys excrete glucose, which means that glucose is not being stored as
glycogenin iver. The body is also unable to metabaolise it.

Adrenal glands

The glands are located above the kidneys. The adrenal glands consist of two parts: the
adrenal cortex and adrenal medulla. Hormones are produced by the adrenal glands when the
is under stress,

The adrenal cortex produces a large number of hormones which are responsible for salt and

water regulation and for maintaining blood pressure.
83
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The adrenal medulla is responsible for producing adrenaline. This increases heart rate agd 3

blood pressure when the body is under stress and in survival mode,

Gonads P

Gonads are the organs that produce gametes. The term gonads can be used to re
testes in the male or the ovaries in the female, The hormones that are pmduc%}he nads

are involved in reproduction.
&

Testes \r

The testes secrete hormones known as androgens. Androgens are hmat are responsible
for the development of male characteristics. Their production leads to h of muscle mass

and strength and development of sex organs. The best-known am@n is testosterone.
&

Ovaries &y

The ovaries secrete the hormone progesterone. Progesteronghas a variety of functions, which
include: supporting pregnancy by allowing the ute; w during gestation, development
of the mammary glands, inhibition of lactation pﬂm labour, and also the inhibition of
the immune response to the embryo.

The ovary also secretes oestrogen. This pro s the secondary sex characteristics in the
female, including the development and g of mammary glands.

: &~#¢|1ra.n‘,_lw=.

6.12 Which hormone is needed iration?

6.13 Mame one symptom of es,

6.14 What is the purpose nfmnm‘:?

6.15 Whereis the pnuir.aﬂglézd located?

6.16 Animal hormones are blood-borne messengers that regulate the actions of different
parts of an org
(a) MName two reproductive hormones in animals.
(b) Give ction for each of them.

(c) the hormone involved in ‘milk let-down' in animals.
(d) n the body is the pituitary gland?
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Ne sponses
e kinds of stimuli that cause the endocrine glands to produce and release hormones are of
distinct types: hormonal, humoral and neural. Hormonal responses are those such as
secretion of the slower-acting hormones: FSH, LH and GH invoelved in sexual reproduction
and growth functions of the body. Humoral responses are responses to a change in the level
of ions or nutrients in the blood such as the secretion of PTH or insulin. Neural responses are
those that involve fast-acting nerve fibres within the sympathetic nervous system stimulating
the release of hormones into the bloodstream.

&
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Commonly known as the fright/flight/fight mechanism, the sympathetic nervous system
activates the adrenal medulla - part of the adrenal gland - to release adrenaline which causes

the body to tense and become more alert as more energy is made available to the muscles
&

and heart rate increases.

The body is thus tensed through the action of fast-acting neurons to better deal with a q
stressor in the external environment. Related effects of this response are that syste as
the immune system and digestion are suspended to a degree while energy is facused

dealing with the threat.

Responses in flowering plants ‘Q
Growth regulation @

™
The growth of flowering plants can be controlled by external and in factors. Normally
the external factors operate by causing, or controlling, the pro%o internal factors.

External factors

@ Light affects plant growth by providing the energy need t photosynthesis, This in turn
supplies the energy-rich molecules needed by pla nh. In addition, light is needed
to produce chlorophyll, fully formed chloroplasts, normal-sized leaves and strong stems,

@ Day length plays a very significant rale in ca plants to flower, It may also have a role
in fruit and seed formation, dormancy, leaf loss and germination of some seeds.

® Gravity can cause roots to grow down int%&il. while shoots grow upwards, away
from gravity.

@® Temperature affects the growth of pla@ainly by affecting the rate of enzyme reactions.
As a result, plants grow faster at Wr temperatures. In addition, some plants will only

I

produce flowers if they are EHQ ow temperatures for a number of days or weeks.

Internal factors

Plants produce a range of c*Q"called growth regulators. These growth regulators are
produced in the mﬂﬁste%icreg s of the plant, such as in the root tip or shoot tip regions.

Tropisms

A tropism is a change in the growth of a plant in response to an external stimulus.
A positive tropism occurs when the growth is towards the stimulus.
An ive tropism occurs when the growth is away from the stimulus,

The main advantage of tropisms is that they allow plants to obtain more favourable growing
condi r example:

ots grow towards gravity so they can penetrate deeper into the soil for better

@, Stems grow towards light so they can preduce more food by photosynthesis
‘é:chmage and absorption.

Two main types of tropisms are outlined below.

oo
i
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Phototropism

Phototropism is the change in growth of a plant in response to light, usually from one
direction (i.e. unidirectional light).

Sterns are positively phototropic (i.e.
they grow towards light). This allows
the stem (and the leaves) to get more
light. In this way they can carry out
maoare photosynthesis and produce
mare food.

Many roots are negatively
phototropic. This is clearly seen in the
roots of climbing plants such as ivy,
where the roots grow away from light o
and towards the wall or surface to Figuragmrmp.i:m:u stemn grawing towards light
which they are attached.

Geotropism 0
Roots usually grow towards gravity
@ {positively geotropic) and stems grow Ry

away from gravity (negatively %
geotropic).

.9
>

-

the change in growth of a pl

Geotropism (or gravitmpism‘g‘
in response to gravity.
If the roots grow towa raw% they 0

Figure 6.11 Geatropism: a stem growing away

can anchor the plant fficiently in from gravity

the soil. In additiomthey can absorb

more water and mingrals. By growing away from gravity, stems grow towards the light.
This allow. tsito produce more food,

Growth regulators

A growth requlator is a chemical that controls the growth of a plant.

$ growth regulators are produced in small amounts in one part of a plant (mainly in
meristems) and transported to another part where they cause an effect. For this reason they
é are often called hormeones. The exact way that growth regulators are transported is not
kmown. Maost, however, are transported in the vascular tissues (xylem and phloem).
| B0 Gird 58 Mad & rad 86 -@ AR S P
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It is difficult to establish the exact role of plant regulators. This is due to the following reasons: :

® They are active in very small amounts.

® Their effects depend on their concentration. This means the same regulator can have
apposite effects at high or low concentrations,

® Their effects depend on the location in the plant in which they are acting. For example;
the same concentration of plant requlator can have opposite effects in the stem afdioot.

@ Different regulatorsinteract in different ways. Some regulators support each other mpr_nduce
a greater effect, Others interfere with each other and the combination may haveing effect.

Growth regulators can act as growth promoters or growth inhibitors.

Growth promoters

Auxins are examples of growth promoters in plants.

Auxin as an example of a growth requlator
Auxins and I1AA

There are a number of auxins, the most important of whick is indoleacetic acid (IAA). |1AA,
which is often simply called auxin, is made in shoot tips young leaves and seeds. It moves
down the stern by an unknown mechanism. Auxing'cause stem and root growth and
stimulate fruit formation (at certain concentrations)l

Production sites

Auxin is produced in the meristematic tissugin the tips of shoots,
It is also produced in young leaves and in dévelgping seeds.

Functions of auxin
The functions of auxin include:

@ Stimulating stem elongation
® Stimulating root growth

® Causing cells to form into different structures (e.g. in the

zone of differentiation in.the root)

@ Developing fruit o

@ [nhibiting side branthing in stems Figure 6.12 Apical dominance:
) ; the plant on the right has had

® Cau sing ﬂhﬂtﬂt FO RIS its growth tip removed and

@ Causing geetropism. showes maore side branching

Effects of auxins

Tropisms

Auxins'€ause cell elongation and growth or bending.
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Apical dominance o Apical tip
removed
The apex is the tip (top) of the plant. If . :

the apical bud is intact, auxin . 4.::} 5
ide branches,
produced in the tip will pass down the 9"&“

stem and inhibit (prevent the growth
Figure 6.13 Eﬁmafapjmmphnrgmwm

of) lateral buds and any side
branching. This form of growth is
clearly seen in cacti (which have very
few side branches) and conifers

{where the inhibition decreases down the stem, allowing lower bran grow more
strongly). If the apical tip is removed side branches are allowed t elop. r’ -
The plant will then develop as a low, bushy form. -a I

i
Did you know? S N )%

In some places, farmers often cut down hedges ulate side |
branching and form a barrier farm animw Cross. -

Fruit formation 0

IAA is made in developing seeds. It stimulQ:d to form in the fruit that surrounds the

seed(s).

®
Root growth

At low concentrations, IAA causes r%o grow [whereas at higher concentrations |AA causes
sterns to grow). |AA can be applied a
prepared growth promoters [i.@hetic ones) are more efficient at this process,

ially to stimulate rooting. However, commercially

The mechanism ufs’lant response to light (i.e. mechanism of
phntntrupism)

Auxin and cel ion
Auxin loose . which allows them to expand. Cell elongation is essential for normal

growth an

Role of auxin (IAA) in phototropism

144 made AA passes Cells Lioht
in meristem down the elongate 9
$ shaded side
Cells
do not
elongate

E Figure 6.14 Role of 1AA
o : if phototropism |
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1. 1AA s produced in the growth tips (meristems) of the stem. N

2. If the stem is exposed to light from one side |1AA will diffuse down the shaded side (i.e. the*
side furthest from the light source),

3. The concentration of IAA present in the shaded cells causes them to elongate more th
the cells on the bright side of the stem.

4, Asaresult of the uneven elongation, the stem bends towards the light (phototropi
will result),

00 -

6.17 Name two external factors that control growth in plants.
6.18 (a) Whatis a tropism? %
(b) Distinguish between positive and negative tropisms.
{c) What is the significance of tropisms for plants? N
6.19 (a) Mame one positive tropism in each case that affects:

(i) Shoots “QW“.
65.20 Outline one benefit to a plant in each case of:

(a) Phototropism @otmpi 5.
6.21 Some oat seedlings were grown in the dark then treated as follows:

Group A: no treatment given, left intact

Group B: tips of seedlings covered with metal

Group C: tips of seedlings cut off.

The seedlings were then exposed l:w from one side as shown in diagram:

&

A

{a) Which grotp'of seedlings will respond to the light?
(b) Explain why the other groups will not respond.

(c) the response that is produced.

(d) is the value of this response to a plant?

Figure 5.15 Role of [AA in photatropizm

(&), Name the substance causing the response.
6.2 egard to auxin, state:

(a) A precise location where it is produced.
& (b} Two ways in which it acts as a growth regulator.

T R N N N T N T Y Y Y ey T Y Frryy e

T P T P T A N T R R T R R TR R RN R R R R PR RN AR R RN RN R R R R RN PR PR R A RN RN RN R R R RN RRE W
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D00 ~
Activity 6.1 A

Question *
How can we show the effects of phototropism? q

Equipment needed

3 small cups full of sail 3 sticky notes ium foil
&

Tape Medium-sized box such as a shoe-box A straw

A marker 12 corn seeds ater

Conducting the activity
1. Plant four corn seeds in each of the soil cups. Space evenly and pl seeds 2.5.cm in the soil.
2. Label the three cups using the sticky notes: ® w
(a) Control (b) Tip ‘\’ {c) Base
3. Water the cups and place them on a sheet of aluminiummprwent water soaking through.
4. Place inside the box with one side open to the light coming in frem an angle. Place in a windowsill,
with the open side facing the sun. 6

5. Make four of each type of light-exclusion device:
For shoots 0

6. A small cap of aluminium foil to cover tips each one over the straw.

For base sleeve

@ 7. A small strip of aluminium foil to wrap% the base,
8. Check the cups each day. Once a shoot g to 2.5cm high, place either a shoot cap {on tip

seedlings) or a base sleeve (on bﬁdlings} around them, depending on which cup they are in.
The control cup will get neither of tHElight exclusion devices.

9. Continue to water the seedli needed.
10. Check the seedlings aftert wee

@ aﬂ*"‘@"
6.23 What did n tic; about the control seedlings compared to the seedlings with é
caps an edlings with base sleeves? i
6.24 W niyou conclude from these results? l

A W N N A e Ny T T T rryreys

A
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Learning outcomes
At the end of this module you will be able to: Ny
Explain the mechanism of the action of the enzyme (G411 e
Describe the structure of the double helix of the DNA molecule ,\gﬂ. i "
Make a model of DMA based on the principles of its stru cture su K1)

Explain the processes occurring in the interphase of the cell cyaﬂw i

Describe the phases of mitosis (9.21.2

Describe the phases of meigsis (52123 ~

o
ol

Compare the processes of mitosis and meiosis (9224 f*“?_ o

F o

. 4
CJ Keywords @ ®
v catalyst + active site v subskiate « optimum ' denaturation
¥ chromosome  nucleatide %nﬂ v complementary

¥ homologous « chromatimgell +° division » meiosis « mitosis

Molecular Biology

Enzymes

Enzymes are catalysts madle Df-prc;'tein and are therefore sometimes called biological or
organic catalysts. Their function is to speed up chemical reactions and to allow these
reactions to proceed at rformal cell temperatures.

Enzymes are made of chains of amino acids which are then folded into a three dimensional

(3-D) shape. Thie 3-D'shape of an enzyme means that it will fit neatly and react only with a
substance ofa¥hape that matches the shape of the active site of enzyme,

Actwe SliE

The acthﬁe site is the part of an enzyme that combines with the substrate. The active site is not
arigid shape. Instead it is a depression or pocket on the surface of the enzyme. The enzyme
ditself is a protein that has a complex three-dimensional (3-D) shape, as has the active site.

Many enzymes are composed of two or more globular sections, called domains, jeined

together.
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Very often the active site is larger than the substrate to which it combines. Each active sitei
specific to the substrate that it acts upon, *’
The substrate causes (or induces) the active site to change
shape slightly when they come in contact. The active site then
fits more precisely around the substrate, This process is called
the induced fit mode! or the active site theory of enzyme
action (see Figure 7.2).

The induced fit model of enzyme action can be compared to
the way a bean bag, with a large hollow in it, will change

shape to fit snugly around our body shape when we sit in it.
Fi 1.1 Acomputer

raphic of an enzyme (blue)
Mechanism of enzyme action - e sucelrae tcny
The induced fit model Rme R
Active site Enz'g,rrm! shape returns
tu normal
Products
] 4
@ ] .
} i Substrate
Enzyme Substrate Enryquhs‘trate complex Enrym-e altered

Figure 7.2 Thefndufedﬁrmm@
1. The substrate combineswi e 3-D active site of the enzyme.

2. The active site is ind uc&causeﬂ to change shape slightly by the substrate,
The substrate and e form an enzyme-substrate complex. The bonds in the
substrate are altere hat the substrate changes into the product(s).

4, The pmduct*he active site
5. The actiye site refurns to its original shape and can now accept a new substrate molecule.

These five ppen very quickly. In some enzymes they take place more than 1000 times
every second. For this reason, and because the enzyme is unchanged in the process, a small
amou erﬁyme can process a large number of substrate molecules in a short space of time.

zyme specificity
enzymes are said to be specific to a single substrate, This means that an enzyme will

E react with only one particular substrate. The reason for this is that each active site will fit or

react with only a single substrate. Anything that alters the shape of the active site will reduce
the ability of the enzyme to work effectively.
| ERCR Gl S8 Mod Tnsd 92 @ TAWIA S8 FM
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Optimum pH

The shape of the active site is particularly
sensitive to pH. Each enzyme is adapted
to have the correct shape at a particular
pH value (e.g. pH 2 for pepsin and pH 6 to
8 for most other enzymes).

Enzyme activity

If the pH is unsuitable, then the enzyme
changes shape and the active site will no

longer accept a substrate molecule. o bl
Enzymes are said to have their optimum - ]

Figure 7.3 Gmphﬂfuw%pli enzyme gctivity

activity at specific pH values.
&

Enzymes and Temperature ‘\I

Enzymes are less sensitive to temperature changes than they amnges inpH. An

increase in temperature causes increased molecular mow a result, substrate
{

molecules collide more frequently with enzymes. This means reaction rates rise as
temperatures rise,

a certain temperature. This temperature is between 28°C and 30°C for most plant enzymes

However, each enzyme and active site starts to EQS shape and lose its efficiency above
and 37°C for human enzymes.

An enzyme’s optimum pH means t%l value at which the enzyme works best.

Denaturation Q)
Caused by ‘K’

® High temperatures

® pH values outside the eQﬂptimum pH

® Some chemicals or ra%tiun,
Explanation

eated Active site Active site will not

When most pro o
P fit with substrate

above 40°C (or subjectéd to

unsuitable p lue? or treated
with certai icals or Heat ar
radiation), they gradually lose their | Hﬂi“ltahlt pH

3-D Denatured —

i Enzyme Substrate 5 bst ate unchanged
In the case of an enzyme, this 24 Y R e
5 that the active site will lose o
bility to react with its substrate, Figure 7.4 Denaturing an enzyme

i ﬂ
LF
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& e
Such a change in shape and loss of biological Vi TS
—
activity is called denaturation. Itis normally a Did you knowl -
permanent, or irreversible, process, High temperatures or feverin a
human can be very serious, as b

they can affect the shape an
efficiency of enzyme reactions.
-_,""-",'._ A - ) ﬂ-
®O®
7.1  What does the active site have to do with the specificity of enzyme i

7.2 What is meant by an enzyme’s optimum pH?
7.3 What is a denatured enzyme?

7.4 Suggest two reasons why a small amount of enzyme can Spéed up a reaction
dramatically. o

The cell cycle

Chromosomes

The nucleus of the cell contains the genetic
infarmation in the form of DNA (deoxyribongclgic
acid). When viewing cells under a light
microscope, the nucleus appears as a daf'mass
composed of a material known as chromatint This
is a mixture of DNA and protein. Howewer, when
the cell is about to divide, the chromatin forms

structures called chromosomes!

Chromosomes are composedeof DMNA and

protein and are visibl@only during cell division,

A gene is a part of a chigmosome that

containg informall 1 nroduce s protelr Figure 7.5 A karyatype showing the
dalion o p P : chromosame pairs in a human cell

Structure s PNA

The basic units of DNA are nucleotides, each
nuclaatide consists of a deoxyribose sugar,
phosphiate and base. It is the base element that
changes in different nucleotides. Deoxyribose
is a'pentose sugar, meaning that it is a five
carbon sugar.

o Figure 7.6 Basic units af DVA
‘ 94
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Mucleotides bond to form strands: a strong
covalent bond is formed between the
deoxyribose sugar of one nucleotide and the
phasphate of another. These bonds form what
is called the sugar-phosphate backbone of the
DMA molecule as shown in Figure 7.7,

Four different chemicals make the ‘'bases' that
form DNA. Each base is known by the first
letter of its name:

Adenine [A)
Thymine (T}
Guanine (G)
Cytosine (C).

Each of the four bases can only join or bond " Figure 2.7 Strture of DNA
with one other base %

A joins with T

G joins with C

and these pairings are known as Q
complementary base pairs,

It was two scientists from Cambridge %

University, James Watson and Francis Crici%
whao first identified the structure of DNA,

namely that bases occurred in pairs a@t
there were two chains wound into @ double

helix. &’ ::t‘:;':ﬂfm EHIES

A double helix Q

The pairs of bases, A/T . are said to be

complementary pairs. The pattern of

complementary ng means that if one

strand of a DNA molectle has the sequence

TAGCAT, then the se§uence on the partner Figure 7.8 Base pairs on a DNA molecule
strand muﬂé‘iﬁﬂ.

Q
Q

ﬂ
5 |
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QEMMIE, bR, L?,m-'"v.,,_f qoiting: m
D00
Activity 7.1 &

Question *

How can we model the structure of a strand of DNA? q

Equipment needed

Pipe cleaners (2 different colours) Beads (6 different coloursh :

Safety
@ Be careful when cutting and twisting pipe cleaners into shape becau harp ends.

Conducting the activity %
1. Take two pipe cleaners of the same colour and cut them intnmri;s of t 8 cm long, Use these to

string your pairs of bases, Each of the four chemicals should be ented by a different colour.
2. Bead the other pipe cleaners with different coloured bead resent the sugar and phosphate
groups. Think about how these will match up in the d helix model.
3. Attach the base strands to the backbone strands by round the ends of the base strands,

Show your model to another group and check theifimodel for incensistencies.

0®

7.5 What is the pentose sugar found %.ﬁ?

7.6 What is the meaning of the omplimentary base?

7.7 What is the complimentary ﬂf thymine?

7.8 What is the shape of the@molecule known as?

7.9 Ifonestrand of a Dﬁw ule has the sequence CGTAGC, what is the sequence of the

partner strand?
e‘ -w

b
'\

o hudiess [

T TT T T T T T T R ETT Y

In order to understand hromaosomes work,

it is helpful to thi%wmmnmmes being like
a dictionary A dictioRary contains thousands of

Figure 7.9 Genes are composed of DNA. A
eins are made up of amino acids, Genes section of a chromoseme that codes for a
protein is known as a gene. Each chromosome

stermine the sequence of amino acids ;
contains thousands of genes.

required to produce many different types of

proteins. These proteins have wide-ranging functions including structural proteins (keratin),
hormeones (insulin), antibodies, enzymes (amylase) and transport proteins (haemoglokin in
red blood cells).
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Chromosomes occur in pairs, known as homologous chromosomes, and for this reason a cell

MOCLLE 7 MOLECULAR BIOLOGY AND THE CELL CYCLE

3

with a complete set of chromosomes is known as diploid or 2n. Every species has its own
chromosome number, Humans have a total of 46 chromosomes (or 23 pairs) in their body cells,

&

the same gene sequence.

Homologous chromosomes are a pair of chromosomes of the same size that have

A cellis diploid or 2n when it has a full set of chromosomes.

Table 7.1 Chromosome number in agricultural animals

Cattle
Sheep

Pig
Chicken

Cell division must occur in order for animals and

and worn-out cells and to reproduce. There are two types
Mitosis occurs in normal body cells (referred to as som

testes and ovaries to produce gametes.

& \.
Diploid number
60
2. 9
38 @
7 N
plants to grow, to ir and replace dead

@uision: mitosis and meiosis.
ag} nd meiosis occurs in the

Somatic cells: all the body cells of

anism, apart from sperm
and egg cells. Somatic cells contain a et of chromosomes,

5

Cell division
Interphase

Before cell division commences, the ce

%

ares

itself for mitosis by gradually getting bigger

and producing additional cell mg& such as mitochondria. This phase is called interphase

and normal somatic cells spen

During interphase the nucl

majority of the cell cycle in this phase.

brane is present and the chromatin has not yet formed

chromosomes. It is imp@m emember that when a cell is in interphase the cell is not

dividing.

Interphase can b%ﬂwﬂn into three
distinct phases knownas G1, 5 and G2 as

shown in Figuee 7.19, The sections of the
diagram re an approximation of the
comparative [engths of each phase with

inter lasting approximately between 12

and rs in mammals,

Q
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Gap 11G1) is the stage in which cells increase in size. During this phase cells produce mRN
and synthesise protein, A process known as the G1 checkpoint is activated in this phase t

check that cells are ready for the subsequent phases.
&

S phase is the stage in which DNA replication occurs as the chromosomes duplh:at%
Gap 2 (G2) is the final phase before mitosis during which cells continue to produce n

proteins and grow and a further checkpoint mechanism is activated (G2 che int) to check
that DNA replication was successful, &

Cell cycle: the cycle of growth and division of a eu

Once cell division commences, it can be divided into four main stages: p phase, metaphase,
anaphase and telophase. Prophase is the first stage of mltﬂsls D rophase, the
chromosomes become visible in the cell

Each chromosome duplicates itself, so l.'.'.l'rumm
jebon ~ Cantromens
that the chromosomes appear as two
strands (called sister chromatids) joined
in the centre by the centromere, The old

chromosome is attached to an identical o
fitself. gum 7.11 A chromosome duplicating
e Q itself to become two chromatids.
@ Stages of mitosis %
Table 7.2 Stages of mitosis
Stages of mitosis f
. - Chomosome, consisting of
bt "x NG
« Chromosomes visible B,
and duplicate th 5. & :
« The nuclear mambra
other cell or d:sappear. 'm*"“‘“'u';"l"'““;
+ Spindle toforrn

L
2-&!&:&
The chremosomes line up in the
&en&e of the cell.
The spindle fibres attach

themselves to the centromere of
the chromosome.
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3. Anaphase

+ The spindle fibres contract,
separating the duplicated
chromosome from its copy.

« The chromosomes are pulled to
opposite poles of the cell.

4. Telophase

« This is the final stage of mitosis.

« The chromosomes begin to
uncoil to form chromatin.

+ The spindle fibres break down.

« The nuclear membrane reforms.

+ Atthe end of telophase, the
cytoplasm divides to form two
cells.

+ Division of the cytoplasm is
known as cytokinesis.

Telophase in plant cells

In plant cells, a cell plate grows between t%} new cells and from this a new cell wall
develops, thus separating the two cell

Figure 7.12 Telophase Figure 7.13 Plant cells in Figure 7.14 A plant cell at
in a plant cefl & interphase prophase

" Figure 7.16 A plant cell {centre) at
metaphase anaphase
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Locations of mitosis
In plants, cell division by mitosis is continuously accurring in the tips of shoots and roots.

Meristemnatic tissue (also known as meristem) in these locations is constantly producing new
cells by mitosis to allow for plant growth. Cambium tissue, between the phloem a min
vascular bundles of dicot stems, is also meristematic tissue. In animals, mitosis is r:muslyI
occurring in the bone marrow to produce new red blood cells, the cells lining igestive

tract and skin cells. Mitosis accurs very rapidly in the development of a Watﬁ embryo

in animals. Mitosis also occurs during metamorphosis in insects.

Significance of mitosis ?
® Mitosis produces two identical daughter cells that have the number

same
of chromosomes, .

® Genetic information on the chromosomes is identical.

® Mitosis is important for growth and repair of dead orm-out cells.

@ Some organisms can reproduce asexually by mims%ast cells reproduce
by budding.

R

L gy R, R

' R
Activity 7.2 % A

@' Question

'br"nli

How can we measure the rate of mitosis in onién root tips?

Equipment needed

Small fresh onion zers 2 needles

small jars or beakers illed water 0.5% Toluidine blue
Toothpicks Pipette Cover slides
Muriatic acid (10% HCI) Paper towels Light microscope
Latex gloves Q Scalpel

Safety

Wear latex gloves and §oggles when using acid during this experiment

Conducting ctivity
1. Insert 3-4‘tcu-ﬂ1picks around the sides of the
and place the onion root side down in
$water_ Keep the onion submerged in
the water for a few days until the rocts grow.
emove the onion from the water and with

a scalpel slice about 5 mm off the tips of the
raots, Place these root tips into a different o

small beaker and pour in muriatic acid to Figure 7.17 Onion root cells mitosis
cover the root tips.

100
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. After 20 minutes remove the root tips from the acid and pour the acid away.
Place the root tips on a microscope slide and rinse well using a pipette and distilled water.

. With the scalpel trim the root tips to 2 mm long. Keep the tips, Use a needle to carefully slice the
root tips into 2 length-wise sections. You may wish to do this with a magnifying lens.

. Coat the dissected root tips in Toluidine blue using a pipette. Leave for two minutes and then
place a coverslip over the tip of the slide and pipette distilled water onto it.

. Remove excessive dye with a paper towel. Prepare multiple slides with two root tigs per

. Place a slide on the microscope. Observe on the lowest magnification first. Focus & until
you can clearly distinguish the tip of the root. Move up slightly from the tip and facus on the area
just above it where the cells will be replicating.

. Change the microscope objective until you can easily identify the stages ﬁﬂ within the area

of cell replication. Make a sketch of each stage and compare these to ima his book.
Record the number of cells you abserve in each stage with a tally ch! to avoid counting cells

twice,
11. When you have counted around 1000 cells convert your tally chm“ graph.

Q) o

7.10 How similar were your bar charts and sket to those of other members of your
class?

7.11 Which stage of mitosis takes the longestamount of time?

Meiosis

Meiosis, also known as reduction N

division, occurs in the testes and

P B .
ovaries of animals and prod r
non-identical cells that ha lﬂ .
number of chromosom ’ i LY
parent. These cells areé called gametes . -
orsex cells (egg ). Since ;

these cells have anly half a set of o

chromosome ﬂ"gr& called haploid Figure 7.18 In order to decrease the chromosome

o number by half meiosis involves two stages of cell
division. This produces four haploid daughter cells,

@s haploid or n when it has half a set of chromosomes. Gametes are haploid.

Q
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ULAR BIOLOGY AND THE CELL CYCLE

A%

During meiosis, crossing over can
occur between a pair of Chromosome Chiomalids  Crossing aver

{
ll "".
homologous chromosemes, During / Ceniromers
this process the pair of
. ! —l =l
chromosomes will swap DNA. This
fa) i)

process brings about variation in

]
Homologous cheomosomes
the combination of genes on the .. Q
ﬁ * -

resulting chromosomes and Figure 7.19 When ch o mﬁ el
consequently in the gametes information during crossing over, this leads to genetic
Hradoced variation. @

Remember that chromosomes occur in pairs and, as a result of is, each gamete has one

chromosome from each pair. In humans, the gametes have 23 chromosomes. On fertilisation

the diploid number of chromosomes is restored in the z;gnminsis did not occur, the

offspring would have double the number of chromosom arent had.

Crossing over is the process where homol romosomes exchange
genetic information. This process occurs during meiosis and results in
genetic variation in the offspring,

In plants, meiosis takes place in the anthe the production of pollen grains and also in
the ovule in order to produce the egg c@d e two polar nuclei cells,

Significance of meiosis

® Meiosis reduces the chrom e number in the cell by half,

® The chromosome diploid m

@ Crossing over during
variations in the offspring.

r is restored on fertilisation.
josis produces new combinations of genes, which leads to new

Table 7.3 Summa itosis and meiosis

Chromosogie number  Same as parent cell Reduced by half
Growth, repair and asexual
Importance reproduction in some Production of gametes
* organisms
Different, new combination
formation Identical to parent cell of genes due to crossing over

between pairs of chromosomes

&:Hm of cell division Somatic cells Reproductive organs

QD

| BB G 58 Misd Trsd 102

uces Two diploid daughter cells Four haploid daughter cells

WA S P



JULE 7 MOLECULAR BIOLOGY AND THE CELL CYCLE
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7.12 Make posters of each stage of mitosis to hang in your classroom. Use pipe cleaners or
plasticine as chromosomes to demonstrate the stages of mitosis and crossing over in
rmeiosis.

g

7.13 What is chromatin made of?
7.14 When does chromatin change to form chromosomes?

7.15 Explain the following terms:

7.16 Where are chromosomes found in a cell? " N

7.17 Figure 7.20 shows the four stages of mitosis in a random o
(a) Putthe stages A-D in the correct order.

i
i
i
L]
i
(a) gene (b) diploid & _  (c]"chromosome. !
!
1
'
1
1
i
(b) Why is mitosis important in the growth of animals lants? !

Figure 7.20

&’Q} ....................... .
00 o

7.18 The Figure 7.21 sh

1
of mitosis. Name labelled L and M. !
7.19 A sheep has umber of 54 b
chromoso many chromosomes will be 5
present in: 3
{a) anggg céll .
(b) 7
7.20 Where iman animal's body does meiosis occur? Figure 7.21 Question 7.18
7.21 ify one location in a plant where meiosis
urs.

7 If meiosis did not occur during gamete formation, what consequence would this have
on the number of chromosomes that the offspring would have in comparison to the
parents?

A

R R A T R N o Y T Y T YT Fryresweye -

=
Lk
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Heredity and* “*

Variation pe

Learning outcomes w

At the end of this module you will be able to: Q
Assess the role of Mendel's research in genetics (3241

Justify the cytological bases of and solve problems assoc:ate dihybrid crossing (5243
Compare complete and incomplete dominance (5244 N

Evaluate the significance of test crosses (92457 \

Describe the theory of sex determination (9245

Explain the role of chromosomes in sex dﬂm 5247

Explain the mechanism for the determinatiur@\eﬁtance of human blood groups (5245
Describe various methods for studyinQan genetics (7249

Create a genealogical tree 32410
Describe how the use of modern agwml technology impacts regional crop yields 92411

O —

¥ genetics + variatio e + allele + dominant ' recessive v genotype
¥ phenotype i plete dominance « menohybrid + dihybrid + homozygous
+ heterozygous +" genetic modification « transgenic species

What is genetics?

Genetics is tudy of how we inherit traits or characteristics from our parents. Individuals

within a s not all identical; there is considerable variation within a population.

However, some of these variations are more desirable than others. These variations can be

passe tn1he offspring of the individuals, For centuries, farmers have recognised this and

hav ially selected animals and plants with desirable characteristics. These animals are
ted or crossed to produce offspring with these desirable traits. Farmers artificially select for

cteristics such as good milk production, high milk solids and good fertility in dairy cattle,

istance to disease and high crop yields in plants and good conformation and fast growth

e rates in beef animals.
Genetics is the study of inheritance.

Variations are differences that exist among individuals of the same population.
104
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Aberdaen Angus sine

- ' "
Polled oifsphing ] 1
(A P
Figure 8.1 Aberdeen Angus are naturally polled Figure 8.2 The lneribance of the polled
characterigtic in caftle

".--\_-.
—

Gene: A section of a chromosome that contains mformatmn m produce a protein.
Allele: Alternative forms of the same gene. i

Figure 8.2 can be explained if we use letters to represent tﬁé‘ﬁgn_e?'s. In Figure 8.2 the polled
(hornless) condition is represented by a capital P, since thig,is t_I';é dominant trait. The horned
condition is represented by a lower case p, since this isﬁiﬂéé&ssiw trait. Normally, every
characteristic is controlled by a gene that has a pif ﬁ! alleles and this is known as an
organism's genotype. The phenotype is the uutwaréappearance of the organism. If we look
@ at Figure 8.2 and represent it using the gennrylﬁenn the cross below, we can explain why all @
the offspring are polled. The following is kn_c:-..-.rn a%a monohybrid cross, since it looks at the
inheritance of one characteristic, ';_'_;.-'---'

Dominant: Expressed in the phenc-m:ue when present in the genotype and is normally
represented by a capital letter, e.g. T.

Recessive; Expressed only whennn mdwndual has no dominant allele present and is
usually represented with a Iuwer cake letter, e.g. t.

Genotype: The genes pres.e'nt I-I"I ithe organism, whether they are expressed ornot, e.g. Tt.
Phenotype: The outwarg apﬁeamnce of the organism.

Monohybrid cross: Lonk§ .ﬂ;the inheritance of a characteristic (trait) that has two alleles.

arents: PP X
& Gametes: P
N ®
]
F H.:| ure ‘EE
W{errr.::r?ce
G polied Genotype of F1: Pp
mdh;.rc:e:rshc Phenotype of F1: polled
in wrﬁ;“s"lg Note: In the above cross, F1 stands for the first filial generation, which is also known as
etters to

first- i i
represent alleles o ghieTirst-generation offspring

105
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Some important things to note in the above

cross are that the parents have two alleles

present for the gene; however, the gametes have [Parent coll| .
only one allele present. When an organism

produces gametes or sex cells, pairs of alleles ' s *\k
are separated during meiosis so that only one

allele occurs in the gamete, This is illustrated in [Gametes |

Figure 8.4, On fertilisation, the male and fernale

gametes fuse and the offspring again have a pair
of alleles for a given gene, one from each parent. Flg ure 8.4 Gﬂmerﬂﬁ:rmanun

This separation of alleles when gametes are formed is known as itg;qgalmn and it
follows Mendel's Law of Segregation.

Mendel's Law of Segregation states that when gametes are formed only one
allele fram a pair of alleles is carried in the gamete, i

Gregor Mendel (1822-84)

Gregor Mendel was a scientist and an Augy stinjan monk with

an interest in the inheritance of characterist p the garden
® pea plant. He chose seven different cha%istics to study,
each characteristic existing in two alternative forms (alleles)
which were controlled by what Me%alled ‘factors: Today
these factors are called genes, del performed several
thousand crosses over the cnu%ab«uut two years, He kept
accurate records of the res&%%f these crosses and
performed statistical analysis @n his results. From his results

Figure 8.5 Gregor Mende/
he identified patterns@f inheritance. Table 8.1 shows some

of the characteristi& Mendel studied and their alleles. In each case, one of the alleles is

dominant and tlw is recessive.

@ Character  Dominani trait  Recoessive trait | Charactor Dominant rait  Recessivo trait
Seed
* shape ¥ b
Rinand Wenkled
Soed eclour ] g
—— islew Green
ﬁ._.h Flower colour b v Siem helght &
Wkt Purpiz Witits -
LAy .t
: “*Figure 8.6 The -
A genetic traifs ] 3
R . in pea plants Pod eolour p Dwarl
gt studied by . il

Gregor Mendel o
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v

Table 8.1 Genetic traits in pea plant N 4 .
Characteristic (gene) Dominant allele Recessive allele
Shape of seed Round Wrinkled -
Colour of seed Yellow Green Q
Length of stem Tall Dwvarf !
Flower colour Purple White Q f
Pod colour Green Yellows '

Mendel’s study of pea plants

Mendel chose peas as the subject for his inheritance studies for a number of reasons;

@ The traits he chose had easily distinguishable alternatives (alleles). %

He concentrated on the inheritance of one characteristic at a %
er

He controlled pollination of pea plants, crossing plants wit
Peas are easy to grow.

Pea plants produce large numbers of seeds. Q

In Figure 8.3 you will notice that there are three p le genotypes for the polled
characteristic: PR, Pp and pp. The genotypes PP an re homozygous: the alleles present
in the genotype are the same. The genotype P omozygous dominant: there are two
dominant alleles present. The genotype pp is Im:-,rgnus recessive: two recessive alleles
are present. The genotype Pp is hetemzy%the alleles present in the genotype are
different. When an organism has a heterozygous genotype, it is often referred to as a hybrid.
Plants and animals that are produced enetically different parents often display hybrid

vigour. Table 8.2 summarises thi &

traits by hand.

Homozygous: The all resent in the genotype are the same, e.g. PP or pp.
Heterozygous: The a esent in the genotype are not the same, e.g. Pp.

Heterozygous ge s are often referred to as hybrids and they have one
dominant and one recessive allele.

Hybrid vigou eterosis: The increased productivity displayed by offspring

from geneti ifferent parents.
L
Table 8.2 mary of genetic genotypes and their phenotypes
&
Hol ous dominant PP Polled
Ho s recessive PP Horns present
ete LIS Pp Polled
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0® \,:V

8.1 Distinguish between each of the following pairs of terms: E

(a) Homozygous and (b) Dominant and recessive 4

heterozygous lc) Genotype and phen " E

8.2 Give three reasons why Mendel used pea plants in his study of genetics. D'Q p

e e e e B S S R S Sl il R i
What happens if two heterozygous polled cattle are crossed? In this ca s'g, he parents

are Pp for the characteristic. They bath carry a recessive allele for the huanditiun but
this is hidden by the presence of the dominant allele P for polled, :

Parents: Pp " Fp Since each par eterozygous for the
Gametes: () (®) ®@® trait, they Will produce two different types
of ga : halfwill carry a P and half will
carry a p. types of gametes are shown
lﬁh parent’s genotype. To identify
the gametes, separate the alleles in the
a and put a circle around them. The
formation of gametes here follows Mendel's
Q Law of Segregation.
® 2 _ - — | _
enotype of F1: Punnett square % Mote: To identify all the possible offspring
® ® produced by a cross, a Punnett square is
® PP Pp drawn. The first parent’s gametes are placed
® Pp P down the side of the Punnett sguare, one
gamete next to each box; the other parent’s
% gametes are placed along the top, one
above each box.
Genotypes Q«umﬂ The Punnett square is completed by
i5% FP e oAt combining one allele from the left with one
s0% Pp allele fram the top of each square. The
5% pp 25% Horned genotypes, their percentages and their
Ratio: 3 Pdle: =1 Horned matching phenotypes are then written
underneath the Punnett square, Both PP
and Pp genotypes will give the same
phenotype - polled. Only the genotype pp
‘$ will give the horned condition.

Mote: The final ratio of polled cattle to cattle with horns in the example above is 3:1, a typical
Mendelian ratio. This ratio always occurs in monohybrid crosses that involve two parents
whose genotype is heterozygous for the characteristic,
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| Queston | W

In peas, the allele for round seed (R) is dominant over the allele for wrinkled seed (r). OQutline «
the cross between a heterozygous round seeded plant and a wrinkled seeded plant. In
answer show the gametes produced and the genotypes and the phenotypes of the g :

| Answer | .

In the question, the second parent has the wrinkled seed characteristic expressed in
phenotype. As the gene for wrinkled seed is recessive, this parent must h?essm
genes in order for this characteristic to be expressed. The other parent is heterogygous: they
have both the dominant and recessive gene present in their genotype.

Parents: Rr X "¢
Gametes: ® ©
F1 Punnett square

Gametes ()]

-
O’ | w
Genotype of F1: 50% Rr and 509% rr : ?
L)

Phenotype of F1: 50% Round and 50% Wrinkled
Ratio: 1 Round : 1 Wrinkled

e

F -:

.;:‘“"-"'x g
00
o7/ b?

8.3 Complete the cross by filling in @ace& to show the possible gametes, genotypes
and phenotype,
The genotypes of the parew} = (Ff).
(a) The gametes prod y ( )% ( It ) each parent. _
{b) The genotype of y [ ]| G |

(c) The phenuty%e pring

8.4 Inpeaplan und 5 (R) are dominant over wrinkled seeds (r). Answer the
guastions ing the following genotypes: RR, Rr. rr. _
(a) Whatgen is homozygous dominant? '
(b) What genotype will produce wrinkled seeds? .
(c) two genotypes will produce round seeds?
(d) genotype is homozygous recessive?
(&), What genotype is heterozygous?

8.5 p. a white fleece (W) is dominant to a black fleece (w). A heterozygous white

fleece sheep was crossed with a black-fleece ram. Outline the cross showing the
‘é gametes, genotype and phenotype of the F1 that may result from this cross.
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Q)< Is v

8.6 Read the text and then in groups of -8 plan how you would carry out a reliable su 4
Record your results and present your results and conclusions to other groups. i

LA SRS SRR EES SRS SRS W

8,
Activity 8.1 .

& good way of demonstrating variation within the human population is to car hurm to
calculate the proportion of your class who can taste the compound ph@mim& or PTC. PTC is
either very bitter or is virtually tasteless depending on the genetic makeup of the taster. Tasting PTC is

controlled by a gene that codes for a taste receptor for PTC on the ton £re are two commaon

alleles of the PTC gene. One allele is the tasting form and the othér allele is the non-tasting. The ability
to taste PTC is a dominant allele. Therefore, a person only requires one of the tasting allele (T) in

by, Ry,

order to taste PTC. Individuals who are homozygous dominant r tasting experience a mare

intense bitterness than those who are heterozygous (Tt ters are homozygous recessive for the
non-tasting allele (tt).

ﬁQ'&
1 &

i mo T |

T [athar hag The mather has all
A0S, non«tasing” recoplors.
PTC, Sha cainiol lise PTC.

Figure 8.7 Inherit m F;L.h_":uh:;‘ mm""' 7

of PTC recegtors in They can tasie PTC.
&s

CompoundsEimilagto PTC are found in cucumbers, cabbage, Brussels sprouts and broccoli. People
t uswally like these vegetables: they taste bitter to them.

who taste

il Ay 4

.7 Were your results clear?

What did you conclude from your investigation and those of other groups?

e R D i it
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v

Incomplete dominance
In all of Mendel’s crosses, one allele for a particular characteristic was dominant over the other

allele. However, this is not always the case. In Shorthorn cattle, red-coated cattle are RR and
white-coated cattle are rr. When a red bull is crossed with a white cow all the offspring are%

&

and have a roan coat (with patches of
both red and white hair). This is an
example of incomplete dominance. In
this case, neither the allele for red coat
nor the allele for white coat is dominant.
Thus, when both alleles occur togetherin
the offspring, a blending occurs in the

phenotype. (,—/:‘"

Incomplete dominance occurs when
two alleles are equally dominant,
When both occur together in the
genotype, the resulting phenotype is

a blend of the two. o
When two roan Shorthorn Fls are crossed

(Rr = Rr) there is a 50% chance that the F2

(second generation of offspring) will be
roan and a 25% chance that the offspring

Roan calf
100 roan offspring for F1

ure 8.8 A red-coated Shorthorn crossed with
white-coated Shorthorn produces all roan calves
will be red-coated or white-coated, %

‘ Roan cow Raan bull
Q H H o
Rr x Rr
-~ i B .
il .
.o’{ 2 ! \-\'\.h
A I W .,

Figure 8.9 The offspring " Rr -
that result fram crossing
two roan animals
117
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Incomplete dominance can also be seen in snapdragons. The red flowers are homezygous 4
(RR) and the white flowers are homozygous (rr), When crossed, the offspring are all
heterozygous (Rr) and are pink in colour,

%

¥

x |

.

¥

RR m

Rr Fir Rr Rr

(A

Figure 8.10 Incomplete dominance in snapdragon

Question

In cereal trials for oats, the pure-breeding

igty Barra, with a straw length of approximately
500 mm, was crossed with the pure-breeding

iety Evita, with a straw length of

approximately B00 mm. The resulting h had an approximate straw length of 650 mm.

{a) Using B to represent the ‘500 mpaigene and E to represent the ‘800 mm'’ gene, show how
this result arose. %

(b} Using a Punnett square or @witable method, show the genotypes and matching
phenotypes resulting fr?m ss between two of the new hybrids.

{a) This cross is another ample of incomplete dominance:

Parent’s gnnn% j BB ¥ EE
Parent’s phen r%. S00 mm BOO mm

; ® ®
: 1009 BE
650 mm straw length

(b} Erg;g between two of the hybrids BE:

FIxFY; BE X BE
Gametes: ® ® ® ®
A F2, Punnett square
H-\-'f‘} Gametes B E
Ay g 88 BE
=y E BE EE
. ":5 F2 Genotypes Phenotypes

| EROL G 58 Mod Bmad 1132
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8.9 Insweet peas, a cross between a red-petalled plant and a white-petalled plant
produces pink-petalled flowers in the progeny. Explain why this happens and then
show the cross using a diagram.

8.10 Coat colour in Shorthorn cattle is controlled by two alleles that show incomplete
dominance.

(a) Explain the meaning of the term incomplete dominance,
{(b) A red-coated (RR) bull was crossed with a white-coated cow (rr) and z&w&r&
roan-coated. Write down the genotype of the F1.

(e} Another roan-coated bull was crossed with the female from m@ by means
of a cross: the gametes produced, the genotype and the phe the F2,

L L I P L N P I L L U S I S A mmtnnqnmmn Ly e e e

N
Multiple alleles \'

LS R S B B

In all of the characteristics we have examined so far, a chaw or trait has been
controlled by the presence of two alternative alleles. Ho r, some characteristics are
controlled by more than two alleles. When this occurs, racteristic is said to have

multiple alleles.

as multiple alleles.

When a characteristic is controlled by tm%m alleles, the alleles are known

For example, blood groups in humans are %Jlled by three alleles: A, B and Q. The alleles A

and B are equally dominant or co-dominant, while the allele for O is recessive. The presence

of the three different alleles within th an population means that there are four possible

blood groups, depending on the % present in the individual, However, an individual can
nt

only have two of the alleles pr it their genotype, Table 8.3 lists the genotype and
phenotypes of the four bkm%

Co-dominant: Bo of a gene are equally dominant and both are
expressed equally in phenotype when they occur together in the genotype.

Table 8.3 Gen s and resulting phenotypes in humans

tyE Phenotype (Blood Group)
AA and AQ Blood type A
BB and BO Blood type B

AB Blood type AB
‘é 00 Blood type O
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0®e 4

8.11 If one parent is blood type A and the other is type B, which of the following bluﬂwg
could their offspring be? 3

(a) AB (b) AorB (c) O (d mgy ©

8.12 Which of these staternents is true? In determining the phenotype for the M% E
system: 1

(a) Ois dominant over B (b) Ois recessive () E is @m over A E

T N e T s Nnn;—nmn .

Dihybrid crosses and independent assnrlmen;Q

A dihybrid cross involves a cross between individuals with allele characteristics.
Gregor Mendel carried out a number of genetic crosses wh&%nvestigated the inheritance
of two different traits in pea plants. During his studies ofdihybridcrosses, Mendel formulated
his second law of inheritance: the Law of Independent -ﬂhm.mi& law states that during
gamete formation, meiosis causes pairs of alleles to Wnd move into the gametes (egg
and sperm cells) independently of any other pair of allelss.

Dihybrid crosses involve the inheritance of tacharaﬂerrstics.

@® The Law of Independent Assortment s that during gamete formation,
members of a pair of alleles seg nd move into the gametes
independently of any other pair of alléles.

In order to understand how independent assortment occurs, examine Figures 8.12 and 8.13,

® The first cell is diploid (2n) @’ure 8.12. Chromosome pair number 1 contains a pair of
genes for plant heig hlgone chromosome carrying the allele for tall (T) and the other
chromosome carrying theallele for dwarf (t).

® Chromosome pai r 2 carries
a pair of genes for th pe of the Diptoid coll (2n]
seed. One ¢ me carries the
allele f; nd seed (R), while the
other ome carries the allele

for wrinkled seed (r).
Crepmosome pair - =~ Chromosomns pair

During the ﬁ:st stage of meiosis, one Ha. 1 Mo 2

chr&ne from each pair must pass o

into the gamete, therefore reducing the Figure 8.12 Alleles present in diploid cell
osome number from four in the

loid cell to two chromosomes in the gametes. As a result, only one allele for each
characteristic will be present in each gamete.

114
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OB ) o 4
() D) (tr) ﬁ?
o Figure 8.13 Gametes formed from diploid cell o .

Figure 8.14 id\ Fg.ame!es

Taking one chromosome from each pair, count the T i @ R y

number of combinations of alleles produced from &
the diploid cell in Figure 8.12. Keep in mind that M

each gamete must have one allele from each pair of

alleles (one for height and one for seed shape). Q l
Examine Figure £.13 to see these combinations.

Since the alleles are on separate chromosomes, . .
they can travel independently into the gamete.

Figure 8.15 /dentification of gametes
An easy way to represent Mendel’s Law of

Independent Assortment when identifying all resent in the gametes from a parent’s
genotype is to use arrows (see Figures 8.14 an ). First, draw an arrow from the first
allele to the third and fourth allele in the pe of the parent.

This provides the first two gametes (Fi 8.14). The process is repeated, drawing arrows
from the second allele to the third anm

(Figure B.15). -%

Examples of dihybrid S
The following is an examﬁ? of a typical cross that Mendel would have completed.

th allele, giving the final two gametes

Question

In plants the allgle ft;r tall (T} is dominant to the allele for dwarf (t), and the allele for round
seeds (R) i inant to the allele for wrinkled seeds (r). If pollen from a homozygous tall
plant with round seeds pollinated a dwarf plant with wrinkled seeds:
(a) e genotype of the seeds formed.
{b] Describe the phenotypes of the F1 plants.

hat ratio of offspring phenotypes could result from a cross between two F1 plants?
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(a) and (b) %
Note: The first parent is homozygous tall and round; therefore, it must have two dom t
alleles for each characteristic, TTRR. The second parent has the recessive charagteristics
expressed; therefore, it must be homozygous recessive for both :haracmiitic, ttrr.

Parents: TTRR X ttrr

Gametes: @ X @ Q

The gametes contain one allele from each gene pair present. Si he parents are
homozygous for both characteristics, they will only prod u:g.me of gamete.

Phenotype of F1: Tall and round

Genotype of F1: TtRr ¢

All of the offspring in the F1 are tall and round, sin | have a dominant allele and
they are heterozygous for both characteristics. The rec alleles do not appear in the

phenotype. 0
(c)
FixF1 TtRr TtRr

l l
Gametes: @@@ Q @ @@

‘v

Since both F1 parents are hemgm for both characteristics, each F1 parent will

produce four different types etes.

Punnett square of F2 ‘g

One parent's gametn%:a:ed across the top of the punnet square and the other
e pla

parent's gametﬁlr down the side,
Gametes Tr tR tr

T TTRr TtRR TtRr
Tr TTRr TTrr TtRr Ttrr
tR TiRR TtRr {tRR 1tRr
tr |® TR Ttrr ttRr trr
G es with matching phenotypes
notypes of F2 Phenotype of F2
TTRR
16 TTRr
St (9 tall with round seeds
4/16 TtRr

116 TTrr : -
316 Torr }_ 1:3 tall with wrinkled md;j
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1/16 HRR : 4
216 tRr :)'__ (3 dwarf with round seeds ) NG=v
v

116 tur e [ dwarf with wrinkled seeds |

Identical genotypes are grouped together. In order to keep track of the identical genoty
tick them off as you go through the Punnett square. Count the number of genotypes that

give the same phenotype and record this. Q
& N

&

Ratio: 9:3:3:1

| Question o’
A maize plant, heterozygous for the recessive alleles hairless taw and short anther (1), is
self-fertilised and the seeds are collected. The genes for tassel and anther length are not
linked. Use a cross to illustrate what proportion of the nﬂ’ﬁ would expect to show:
(a) Hairy tassel

(b) Short anther

(c) Hairy tassel and short anther. Q

In the question, we are told that the malzw is ‘self-fertilised’; therefore, the maize plant is

crossed with itself. [t can be said that the plants are ‘selfed’ Also, the question gives us the

recessive allele as h and | Therefore, t inant alleles must be H for hairy and L for long.
Parents: HhLI th.i
Gametes:

Q O

The gametes are identifi 2u&» method from Figure 13 and Figure 14.

F1
Gametes hL h
HL HH L| HhLL HhLI
HI HHL HHII HhLl Hhil
hL HfaLL HhLI hhLL hhLl
hi HhLI Hhll hhLl hhll
Genotypes of Phenotype of F2
1716
an L -
1€ HI IL 9 hairy tassel and long anther _]
HhLl
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1716 HHIl
6 (S oy st ond ot anher ) :\%,

1/16  hhLL
2716 hhLl } [3halrhesstasseland long anther }

1116 hhil ::)——-— [lhairie-sstasselandshnrtanther_]

Genotypes that give the same phenotypes are grouped together. The genab“sthen

linked to its corresponding phenotype..

%
What proportion of offspring will have: N

{a) Hairy tassel: Only those with Hh or HH in their genotype will g@as&els. Using the
results above, 12/16 will have hairy tassels.

{b) Short anther: Only those with Il in their genotype will give sl‘@uther;: 4716 will have
short anthers. &

() Hairy tassel and short anther: Only those with the ganotype HHIL or Hhll will have hairy
tassel and short anther in their phenotype: 3/16 wilhis phenotype.

The use of the phrase ‘not linked' in the above que fers to the fact that the genes for
hairless tassel and short anther occur on diﬂ‘er;wmammes and, therefore, follow
Mendel's Law of Independent Assortment. It ¢ so be said that these genes are located

on non-homologous chromosomes, Q

Q) -

8.13 In potato plants, the alle%purple stems (P) is dominant to the allele for green stems  *
(p), and the allele fnﬂruﬂ; (R) is dominant to the allele for yellow fruit (r). A potato
plant heterozygous for purple stem and red fruit colour is crossed with a potato plant
with green stemis and yellow fruit.

(a) What arg the gehbtypes of the parents?

-

(b) State otypes and the phenotypes of the F1.
8.14 In peaplants, purple flowers (P} is dominant to white flowers (p), and tall plants (T) is
do dwarf plants (t). A homaozygous tall plant with purple flowers is crossed

with a dwarf plant with white flowers. State the genotype and phenotype of the F1
nts?:roduced by this cross. Two of the F1 offspring were crossed, State what
ion of the F2 offspring will be tall with white flowers,
al State the genotype and phenotype of the F1 plants produced by this cross.

& () Two of the F1 offspring were crossed.

(el What proportion of the F2 offspring will be tall with white flowers?
(d) What proportion of the F2 will be dwarf with white flowers?

d§ (e) What propertion of the F2 plants will have purple flowers?

B A A S A R . . A
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Linked genes ad
I l In the examples seen thus far, the Tﬁ?
- Homeliogous pair of cheomosomes genes involved in the dihybrid cross *
Gametes formed when geeies ars inked, have occurred on separate ruh -
g g chromosomes. If the genes were 11‘“: “;j
Bl lb linked, they would both occurBiithe
° same chromosome. In Fpurg B. [irhe

alleles G and B and the allﬁ@\g and b

are linked. As a requJ mgendent
assortment cannot occur and there is a high probability of these linked gene%ﬂg inta the

gametes together. Crossing over (which occurs during meiosis, when hqﬂ'@;rgn:rus

Figure 8.16 Linked genes

chromosomes swap genes) separates linked genes. & ¥
Linked genes are genes that are located on the same chré:i'@g\ome and tend to
be transmitted together into the gamete. 4

v{:_
The following is an example of a dihybrid cross where one :rl‘Maracteris.tics demonstrates
incomplete dominance.

In broiler hens, white plumage (W) is domina nt% {w). Comb length on the head is controlled
by two alleles: long-comb (L) and short-comb (S]"An intermediate condition, medium-comb,
occurs when a pure-breeding long-comb crossed with a short-comb bird.

(a) State the genotype of a red and m-comb chick.
(b) State the genotype of a red and sh omb chick.
(c) If ared and long-comb cocki |4%ed with a purebred white and short-comb hen, state
the expected genotype a enotype of the F1 generation.
(d) If two F1 siblings are the d, what is the probability that an F2 chick will have
(i} White plumage dapd medium-comb?
(if) Red plumage and'medium-comb?
(i) Red plu short-comb? What ratio of offspring phenotypes could result from
a cross bet two F1 plants?

Answer

(a) Red anidy :
homozygous ww for this characteristic to be expressed in the phenotype. Since comb
I emonstrates incomplete dominance, the chick must be heterozygous (LS) for

dium-comb chick: wwL5. Since red is recessive, the chick must be

comb length.

@eﬂ and short-comb chick: wwSS. Red is recessive, 50 the chick must be homozygous ww
for this characteristic to show in the phenotype. For the chick to have a short-comb it
must be homozygous S5 (purebred).
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{c) The best way to determine the answer here is to do out a cross.
Parents’ Phenotype Red and long-comb x White and short-comb

Parents’ genotype wwlL x WWsS
Gametes @ x @ L
F1 Genotype: WwlLs q
F1 Phenotype: white plumage and medium-comb
(d) Two of the F1 chicks must be crossed to answer part (d). Q
&
F1 Genotype Wwl5 -
Gametes WO W WD ws) x WO W) (W) ws)
Punnett square of F2
Gametes WL W5
WL WWwLL WWLS
W5 WWLS WWS5
wl WwiLL Wwls
w5 WwLs ' Wws!

Since the alleles L and 5 demonstrate incomplete nce, twa LL will produce long-
comb, two 55 will produce short-comb and LS will e medium-comb in the

phenotype. é

(i) White plumage and medium-co th WW and Ww will produce white plumage
but only the genotype of LS will p a medium-comb. Therefore, the genotypes
highlighted in red above will ce that phenotype: 6/16 chicks will have white
plumage and medium-com b.w

(ii) Red plumage and mediu:g-b: In order for a chick to have red plumage, the chick
must be ww (since red is sive), The chick must also be LS to have a medium-
comb. Therefore, onl enotypes highlighted in blue will have that phenotype:
2116 chicks will habe red plumage and medium-comb.

(iii) Red plumage an&-camb:me chick must have the genotype ww5S to have red

plumage an -comb. The only genotype that will produce that phenotype is
highlighted in . 1/16 chicks will have red plumage and short-comb.

Sex de ation

Humans have 23 pairs of

chrom omes; 22 pairs are known as

autg ne: and one pair of

cr omes is known as the sex X X

hromosomes (X and Y). The sex Eermale B Wl XY

“wchromosomes determine the sex of

| EROL Grd 58 Mod B rsd 120

an individual. Females have two X Figure 8.17 Male and female sex chromosomes
chromosomes and males have an X
and a'f chromosome. Examine Figure 8.17; what observation can you make

about the ¥ chromosome?
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v

Sex chromosome: a chromosome that determines the sex of an organism. *'

The ¥ chromosome is much smaller
¥
[Fomalo ] than the ¥ chromosome. Therefore
can conclude that the ¥ chromoso

Parenl cells
doesn't have the same amnu:@
information on it as the X
informations on It as the X
chromosome. This has imW‘lt
consequences when Hamine

%E

[Egg cets Sperm cels some of the genes t carried on
these sex chrom es. Since males
Figure B.18 Sex chromosomes and f
Hhé gkmites ki have two dlfﬂle chromosomes,
XandY, they ponsible for sex

determination of their offspring. When meiosis occurs, femaleswme gametes that all
contain an X chromosome; however, half of the male's gametes contain the X chromosome
and half carry the ¥ chromosome (see Figure 8.18),

On fertilisation, the egg cell contributes an X chromosol ile the male sperm determine
the sex of the offspring. If an X sperm cell fertilises the & offspring will be female; ifa Y
sperm cell fertilises the egq, the offspring will be This is shown in the following Punnett
square, Role of organisms in the carbon cycle .Th&upi of organisms have roles to play in

the carbon cycle:
Male gametes E@ime a male and female are mated, there is
0% chance that the offspring will be female
nd a 50% chance that the offspring will be male,
X Y This probability has particular consequences in
Farmali { X X the dairy industry, where fernale calves are often
X XX preferred over male calves.

For this reason, scientists involved in cattle
F1Genotype:  50% XX and : '
Phenotype: =00 fermnale and male breeding have determined a way of separating

sperm carrying X chromosomes from sperm
carrying Y chrom e5 in order to produce semen samples that have been sexed.

In mammals, it is the male that

determines the sex of the offspring.
In bi is the female that
dz&s the sex of the offspring.
birds, the sex chromosomes are
&d Z and W, with the Z
omosome being the larger and

having more genes than the W
chromosome, Female birds are ZW

and male birds are ZZ.

Figure 8.19 Sex determination is
controlled by the ZW chromasomes
of fernales in poultry
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Sex linkage

In 1907 Thomas Hunt Morgan conducted genetic crosses

with the fruit fly Drosophila melanogaster.

Initially, Morgan intended to use these fruit flies to
reproduce Mendel’s monohybrid crosses. Fruit flies usually
have red eyes; however, Morgan noticed a white-eyed male
in one of his crosses.

Maorgan crossed this white-eyed male with a red-eyed
fermale and all of the F1 produced had red eyes, Naturally, he
presumed that red eyes were dominant and white eyes were e
recessive, He continued his investigation and crossed an F1 ..’, “

male with an F1 female. He presumed that he would get a Fﬁg:&;:_leliéh ratio of 3 red-eved flies
to 1 white-eyed fly in the F2 generation. On examinatiopgf the résults of the cross, Morgan
recorded that all the F2 females and 50 per cent of the maléﬁ:ﬁd red eyes, while the
remaining 50 per cent of the males had white eyes.;qurgaq concluded that the inheritance of
eye colour in the fruit flies was related to the sex af the'ﬁ'pring What Morgan had
discovered was that the gene for determining e;ge\cﬁ!mr in fruit flies is located on the sex
chromosomes.

The X chromosome carries a number of gé'ﬁi{ihat are not related to sex determination, For
example, in fruit flies the gene for eye cqhy r is located on the X chromosome and in humans
the gene for blood clotting and colour stmn are carried on the X chromosome. These genes
are known as sex-linked genes or }C-’Iinh&d genes, since they are only found on the X

chromosome and there is no gene for'these characteristics on the ¥ chromosome.

Fiuﬁj‘&jﬂ Red-eyed fruit fly Figure 8.22 White-eyed fruit fiy

Sex-linkage or X-linkage is a gene that is found on the X chromosome
g, but there is no copy on the Y chromosome,
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v

White eye, haemophilia and colour blindness are all caused by recessive genes. Normally, the
inheritance of two recessive genes is required for these characteristics to be expressed in the %
phenotype. However, since these genes are carried on the X chromosome and males have

only one X chromesome, and therefore only ane copy of the gene, these sex-linked disord

occur more commaonly in males than in females. In order for a fernale to be affected by a

sex-linked characteristic, she would have to inherit two copies of the recessive gene:

mother would have to be a carrier of the sex-linked characteristic and her father wo

the sex-linked condition. .N

Figure 8.23 shows the inheritance of white eye colour in male fruit flies. Q

Gametes LD * ®®
A homozygous red-eyed female is crossed with white-eyed Ealeh'nale is
is le

Genotype of parents ¥R % oY %
[ ]

white-eyed because he has only one gene and the recessi is expressed,

In the gametes, the X chromosomes carry the gene and th blank to show
that it does not have a gene for eye colour.

Gametes X ¥ 0
KE R X

b X XY

and females inherited the red-eye gene fro ir mother. However, the females

F1 Genotype and phenotype: Both males $ les have red eyes. The males
have inherited the white-eye gene fmwr ather but it is not expressed, since

the gene for red eyes is dominant. In t e the fernales are called carriers.

If an F1 female is crossed with an F1 @the following cross is produced.

i ®G B @D

F2
Gametes » ¥
HE X Xy
X 4 Xy
In the second cr ice how the female produces two different types of X gametes,

One gamete is car;ying the normal gene for red eye and the other is carrying the gamete
for white

The oniy&at have white eyes in the phenotype are those with genotype XrY. Since
there js no gene for eye colour on the Y chromosome, the white-eye gene on the X
ch me is expressed,

2 Genotype: XU, X, X5 and XY
notype: All females have red eyes, 50% of males have red eyes and 50% of males
ve white eyes,

~ Figure 8.23 inheritance of white eyes in fruit flies : 12

Lo
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There is a very rare sex-linked characteristic in Holstein cattle, Male calves can be born
very little hair and with no incisors. This is mare likely to happen if closely related animals are

O

Sex-linked genes in agriculture

crossed,

Use of fruit flies in genetics ‘c'
There are many advantages of using fruit flies when studying genetics: »

Fruit flies are easy to keep. N
They produce large numbers of offspring, which is good for st@'-algﬁis.
They produce a new generation every two weeks,

They have only four pairs of chromosomes.
They have well documented mutations, e.g, inheritance’

:Wte eyes in male fruit flies,

0® o

QD

| BB G 58 Mod B mad 14

8.15 The gender of offspring is determined by

staternent in terms of chromosomes.

8.16 (a)

(b)
(e)
(d)

Distinguish between the foll irs of terms:
(i) Sex-linked genes and link 5.

(i) XXand XY. g
How are linked genes separat

How does the X chrom differ from the ¥ chromosome in mammals?
Explain, using exam y some recessive disorders carried on the X
chromosome appe e commonly in males than in females.

Genetic modification of plants

ale parent in mammals. lllustrate this

fort

Genetic modifieation (GM) describes an organism whose DNA has been altered

of improvement or to correct a defect in the organism.

Genetic engineering allows scientists to insert beneficial genes into the chromosomes of plants
anda als.ﬁlants and animals that are produced by geneticengineering arecalled genetically
mogi rganisms, In some cases, a gene from one organism (e.g. bacteria) can be placed
into a completely unrelated organism (e.g. plant). Such organisms are known as transgenic

ies.

Transgenic species: any arganism that has had part of the DNA of another species

{animal, plant, microorganism, etc.) transferred into its own DNA by genetic engineering.

3"

T R T T rr T rrrr vy
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Genetically modified maize contains a gene from a bacterium called Bacillus thuringiensis that
codes for a toxin, This toxin is poisonous to insect pests and, in particular, to the corn borer
caterpillar. As a result, the plant can produce its own pesticide so that the caterpillars die

when they eat the plant. This reduces the need to spray crops with pesticides,

Some varieties of maize can be genetically modified so that they can tolerate herbicides such®
as Roundup. This allows farmers to spray crops with herbicides to kill competing weeds
without killing the maize crop.

However, not all genetically modified organisms have to be transgenic. Genetic infoffation
can be transferred between two varieties of the same crop or genus. This igweferred to

as cisgenesis,

Gane fior bodin

Bactaria DMA £
1 Maize plant

Genatically modifisd, =

Pt settang 5
(A n

Figure 8.24 Genetically modified maize

Figure 8.25 Tomato purée made from
genetically modified tomatoes

Varietal approval is a variety of planthat has been approved by an authority (e.g. a Food
Safety Authority) for commereial production and sale.

One of the benefits of using geﬁeﬂc engineering is that it can accelerate the breeding process
of a crop. Using traditinn’él:m'ethods of plant breeding, it could take 40 years to breed the
blight-resistant vagiety of potatoes from the wild potato varieties. Using genetic engineering,
the new blight—re'sista'nl'._ﬁm variety could be produced in a laboratory within 18 weeks and
could achieve varietal éppmval within 3-5 years.

Other beneﬁ'@ii_.l;lfﬁm crops include the potential to preserve crop yields in the presence of a
disease or dretight conditions. In medicine, bacteria and yeast are genetically modified so
that thefyproduce insulin, which is used to treat diabetics.

Ma:w'ofthé concerns surrounding the use of GM organisms stem from a lack of
uﬁﬁgrstanding of the technology. One concern is that GM crops may cause allergies in the
1 pe'i:iple consuming them. Any plant or animal containing genetically modified traits would
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have to be assessed to identify any potential allergy that might arise. Another fear is that
herbicide-resistant genes could escape into other plants by cross-fertilisation to pmduc&'

‘super weeds, which would then be resistant to herbicides,
&

Herbicidal-resistant GM crops have been grown for many years in parts of the Unit tes
and Canada. Here the farmers continually sprayed their herbicide-tolerant snyheargith
the same herbicide in order to control weeds. As a result, weeds started to de ate
resistance to the herbicide being used. The use of the herbicide-resista n;mymade many
farmers complacent in their crop management. Instead of practising cmpﬁvan and other
methods of weed control, they had in fact encouraged the develo f herbicidal
resistance in the weeds associated with the GM soybean by cnntinm the same

herbicide. %

Risk assessment studies have been carried out on GM orga s over the past ten years and
these studies are ongoing. Te date, no health issue has n idenfified. A study of GM
potatoes for example might study whether they have a pos or a negative impact on

insects, pollinators and soil microbes. Q
@ ; q‘-“ﬁ*!!'“'\q ---cwi 0

8.18 What is a transgenic crganism? H transgenic organisms produced?
] 8.19 What are the benefits of using gﬂl maodified organisms?

I

L R I S B s I I I I

P——
)@@ ¢

8.20 Research what mmlﬁn your local region are used for increasing crop yields: GM,
crossbreeding of plants, #e of pesticides or others. Prepare a short presentation for the

—

rest of the clas

B S T T

Metho tudying human genetics

Pedigree ¢
A pedigree chart is a diagram showing the genetic history of a group of related individuals.

use charts to show genetic disorders are inherited in a family. From analysis of
5 it is possible to work out the probability of someone in a family inheriting a
ain condition. In the chart:

E = rmale O =female  Shaded shapes show individuals afflicted with a certain trait.

126
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[ o
iy 'E;l 5
Q) Ic.[5. ~§ :
-’/
nce pattern.

8.21 Match the trait shown in the pedigree charts above to the inherita
(a) X-linked dominant (c) autosomal ant

(b} X-linked recessive ] aumsoﬁﬁemv&
8.22 Look at the charts above. Draw your own genealogical chart starting with your
grandparents or great-grandparents. Can you indicate any inhefited traits such as: eye

BB B BB BB BN BN An an S an an n hn n an an e o an

colour, colaur blindness, dimples or athers? Q
Twins in the family are indicated like this:

Twin studies @*ﬂ;

Another method of studying genetics,is through twin studies which allow researchers to

examine the averall role of genes in th@lnpment of a trait or disorder. The methodology in

such studies is usually compa rimm&%:een manozygotic (MZ or identical) twins and dizygotic
583

(DZ or fraternal) twins where re ers assess the degree of genetic and environmental

influence on a specific trait udied. MZ twins are the same sex and share 100% of their
genes. DZ twins can be e‘gﬂ-ue: th&%ame-or opposite-sex and ,on average, will share 50% of
their genes. e
» 7
F &
) ¥ 4

8.23 arch another method of studying genetics. Prepare a short presentation to Ir
nt to the class. i
"f”itw’h
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VIODULE

Learning outcomes
At the end of this module you will be able to:
® Describe biotechnological processes with particular referencgsto the production of insulin

431
® Give examples of products produced in continuous and bitehwultures (54332
® Give examples of electrical processes in living crgani;rﬁf 5441

® Describe characteristics of brain- computer integfages I‘BEI;-I 8443

@ Keywords 0 |

v micro-organism « harvest mp + plasmid + recombinant
+ batch fermentation + immo v millivolts

Biotechnology

Bictechnology is the use of Iivin._gr_f;mngs and parts of living things to produce useful products
that have a wide range of uses in manufactu ring, fecd preduction and medicine. Organisms
used in biotechnology includeplants, animals and micro-organisms such as bacteria and
fungi. Most recent de:;_é_iinp]hems involve altering micro-organisms by adding genes from
which different pruu;luctf. Ga:n be harvested. Below we will consider how insulin, which is
important in dial;eﬁés-l;reat;'n ent, is produced.

Insulin ¢

Insulin is a vitallﬁﬂrmone,. because it is the only hormone that reduces blood glucose levels. It
causesiells, especially muscle and fat cells, to absorb glucose from the blood. The absorbed
glugise'lé-’.-;ithﬂr used in respiration or converted to alycogen, Glycogen is mostly stored in
the liver and muscles.

& L.i:_:lﬁrimulin production, or an inability of cells to take up insulin, results in a disorder called
~ diabetes. If this develops in young people, it is normally caused by the failure of the islets of

128
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% Langerhans in the pancreas to work properly. The symptoms of diabetes are: high glucose

concentration in the blood and urine, the production of large amounts of urine, severe thirst,
loss of weight and tiredness.
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Patients suffering from severe diabetes have to
constantly monitor and maintain their insulin \ Did you know?
levels either through injections or by using an People with severe diabetes

insulin pump. have to inject themselves with
insulin up to four times a day.

Up until the 1980’ insulin
was harvested from the {

pancreas of cows and pigs, : ' * Q
purified and used in N
treating human diabetes .
patients. Today, however, as
a result of developments in
gene technology, it is

possible to insert a human
gene into the genetic

material of a common
bacterium, E-cali and

produce the protein
encoded in the human
gene. In the case of the B
production of insulin, the

¥ Figure 9.1 In &
process works as follows: %

i 9 o= =

The human gene responsible for .
he production of insulin i Qd»rmummes g OO Tromoome
the production of insulin is N O/ plasmid
isolated. l '

- o Holated
Step 2 Islated =/ p plasmid

chromosome —

. - Plasmid cut
The plasmid (the bacteria Sup ; Human gene \ /U with enzyme

of DNA) is isolated and responsible for Gene inserted In

insulin production plasmid and sealed
an enzyme, s.untable . using enzymes
Step 3 oacherha J plasmid with
.f'

gene inserted in

The gene is inserted into the bacterium
plasmid an using
enzymes. Hepm-ductln-n of bacteria amiplasmlds

-‘i‘l.. 0N

i
Stﬂ;& @@
The re binant DMA (rDMA) is Q Fmdu:tlu-n of |niul|n y
inserted into the host ; e p————
eria cell.

RO Gird Sis Mad 9 nad 129 @ WS mm|



MODULE 9 BIOTECHNOLOGY AND BIOPHYSICS

Step 5

Bacteria cells are then kept in fermentation
tanks - conditions which encourage them to
multiply.

Step 6
The insulin is harvested and purified for use.

This process is considered to have several
advantages over the harvesting of insulin from
animals:

® reduced production costs compared to
costs of feeding and sheltering animals

@ ability to create greater quantities of
insulin 4 o [

® synthetic insulin is less likely to cause - @93_ o
adverse reactions

® no animal welfare or ethical concerns with t@&sisin«g process,

Batch and Continuous cultures %
@ There are two different forms of fermentation ctlture used in biotechnology: batch culture

as in the production of insulin and mn%s culture as in the production of citric acid from

the fungi Aspergillus niger. %
Batch culture @

products

-4-'—\\ Continuous
Chntinuous = removal

input of wastes
of nutrients
& Bioreactor

Figure 9.5 Differenices between batch amd continuous culture

Product

harvested
continuously
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7

Table 9.1 F
closed fermentation process open fermentation process
micro-organisms and nutrients left for a set - : < N
S S continuous reaction with no time limit N
nutrient stock is depleted during process The way in which living things prom‘

4
final harvesting of product product harvested in ongoing wa‘;.‘r»

Batch culture has the advantage that fermenting machinery can be used to plpducedifferent
kinds of product, whereas continuous culture is more efficient due to time Hﬂ;} cost savings.
Penicillin is an example of another product made in batch cultures; ammania an exam ple ofa

product made in a continuous batch process.

O® -

What is the function of the hormone insulin in the me system?

9.2 MName two advantages of using biotechnology to p uman insulin rather than

using animals ﬁ
9.3 Can you think of a reason why products involying se of E-coli are made in batch
7

culture rather than continuous culture pr
9.4 Explain what the letter 'r’ stands for in rDMNA?

Bioelectricity

Bioelectricity is the study of the Electrgﬂ:bhennme non of life processes, that is to say, the
electric current and potentials whigh arefound in living arganisms. The cell is the basic unit of
such potentials as it can be polarisediby certain processes in the organism using energy. A
bicelectric current involves thefliow n;f ions across types of cell in an organism that have
electrically excitable membrﬁnis._‘h the human body, these include neurons and muscle cells
[see Module 6 and Modulﬂ D]. We have seen that muscle- and nerve-cell membranes are
slightly permeable mpos:tlw potassium ions. These ions can diffuse out of the cell, Ieaulng a
net negative charge wTriﬂn it.

i‘?g r

In the electric eel,

currents at one ampere in
excess of 6500 volts can be
generated, but in most
organisms the range of
bioelectric potentials is from

1 to several hundred millivolts.

Figure 9.6 Electric eel Figure 9.7 Electric ray \,
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LLE 2 BIOTECHNOLOGY AND BIOPHYSICS

Certain types of fish such as the electric eel and electric
ray have extremely powerful bicelectric argans which
they use as a self-defence mechanism or to immaobilise
prey.

Plants, unlike animals, do not have a nervous system but
they do use electrical signals to control individual cells,
as well as to carry messages between different parts of

the plant. The Venus flytrap is a well-known example of
this. Its mechanism for snapping shut is activated by an electrical i The bicelectric
potential of plants is also evident in the process of photosynthesis. Pi@i’:ide water
malecules into hydrogen and oxygen through photosynthesis, a @’ﬁctm ns which are
generated during this division are used by the plants to ElEﬁtE 5ugnﬂ1ey need to grow and

reproduce.

oY

9.5 Name an organism in nature that generates elec;L}r to immobilise prey.

9.6 Mame two types of cell in the human b

9.7 Identify an ion that these membran

9.8  Whatis produced when water mol
phatasynth:ems?

R .

permeable to.
are divided into hydrogen and oxygen in

< "\. i
My, R
‘a%_ﬂ

ave electrically excitable membranes.

Activity 9.1

Question

Can a potato be used thte electricity?
Equipment need

Potatoes Copper Electrode

1 Lemaon Zinc Electrode
Safety

® Be garefulwhen handling the alligator clips.

Co g the activity

. Set up the apparatus as show in Figure 9.9,
easure the current. The voltage and current
can be increased by using two or more

jf % potatoes connected ‘in series!
E.'.-;:‘_ . Replace one potato with a lemon and see if
j there is any difference in current and voltage.
g . Record your results.
132

Multimeter A small LED

Alligator clips/ Leads

| (-_ —\

VU

Flg ure 9.9 Using a potato to generate electricity
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000

9.9 What were your results?
9.10 Can you explain how the potato acted as a battery in this experiment?

— L A L B . BRI,

Clinical instruments

In modern clinical practice a range of instruments are used to measure bioelee
the ECG for the heart and the EEG for brain activity.

9.11 Find out what each of these tests measures.
9.12 Identify two conditions that each of these tests ca

R T R R R R T AT TR TR TR TR TR TR RN e PR T R e e W W
B. h i
iy

s
i
Q
connection between a brain and an external device whi
can read signals from the brain to control an e I

activity. The most typical applications of tH% echnology

The brain-computer interface (BCI) describes the

to-date have been in enabling people su from
paralysis to regain some control of th bs or prosthetic
limbs or to perform actions such as dir g a keyboard. Figure 9.10 Computer interface

We have seen in Module & that diﬁﬁ parts of the body have different control centres in the
brain responsible for co-ording
activity and locate the type of sig

ifferent movements. Scientists are able to measure brain
ghat is generated from such centres, so BCls can detect
signals that relate to Spe%y nvernents. As these centres of the brain can be activated
just by thinking about a movement rather than performing it, BCls have huge potential in
helping people pe rfarm

m detions where neuromuscular pathways have been damaged.

T
Similarly, signals relating to mental activity in the brain such as counting forwards or
fialso be detected and these can be decoded by BCls to allow someone with

Research a type of BCl which is used for medical, assistive purposes or for a more
general use and prepare a short presentation for the class explaining how it works.

B B N R N N N I B N . N RN .
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Muscle

Movement

Learning outcomes y
At the end of this module you will be able to:

® Investigate the strength and endurance of muscles in the handigian
® Describe the dependency of muscle work on the frequer;:yuf actions (2162

N
Dems 3

w wrist ' thumb + tendon +" d ant '+ non-dominant
v forearm + flexor + extensor % w power grip

+ precision grip contsz
@

Hand muscles

The complex structure of the hand allows us to perform a great range of movements with
precision. The muscles in the fc%n wrist and hand can be seen to work together in highly
complex ways to achieve tﬁsfriety of movement that allows us to complete the wide range
of tasks we perform with our hands. Most people prefer to use one hand for more delicate,

S

complex tasks such a g, cutting and drawing. This hand is called the dominant hand
and the other the nen-domiihant hand, A

oy

oid you know?

134
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SEODULE 10 MUSCLES AND MOVEMENT

palmar muscles

arteries

.. |'..
Figure 10.1 Hand anatomy &

Long forearm musclgs
Most movements of th re controlled by muscles in the forearm. The extensor tendons
the

of the muscles all nd to extend run through the back of the hand (see Figure 10.1)
to the fingertips. r tendons run through the palm of the hand to the fingers.

Short handiymuscles
Another s uscles are found between the individual metacarpal bones, These muscles

support@ variety of movement, allowing fingers to spread out and close together and to
extenéﬂex.

Q
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Little finger and Thumb muscles
The thumb and little finger muscles (see Figure 10.2) are powerful muscles that are impor

in allowing the hand to grip objects. They allow the thumb, for example, the movement of
opposition whereby it can touch all other fingers. Consider how important this is | ing
your pen in a position that allows you to write.

Power grip and Precision grip ° ‘Q’

There are essentially two ways that we use the hand to hold or move objects depending on
the power or precision needed to perform the action.

Power grip

This involves closing the fingers around an

object with the thumb working in opposition to

the fingers. In this way, an object such as a door

handle or a heavy box can be gripped tightly

and moved. The amount of strength that is

needed to hold and move such objects depeﬂda

Figure 10.2 Power grij
on their weight and the smoothness of thQ 9 grip

surface,

Precision grip %

In this type of grip the thumb works.i
opposition to the tip of the index finger or other
fingers to grip smaller objects ms a
paintbrush or a sewing needle. This kind of grip
permits the hand muscles to perform a range of

finer and more delica ments.
MI.IS(]IE fﬂ“& Figure 10.3 Precision grip
Fatigue in uscle results from a reduction in muscle tension which is caused by

repeated musclEcontraction activity. As we have seen in Module 5, muscle contraction
requires energy in the form of ATP which is produced aerobically when oxygen levels are high
and obically when oxygen levels are low. Muscle fatigue occurs when levels of lactic

aci up and limit muscle function. In the activity below we investigate such reactionsin

§ian to a repeated action using both the dominant and non-deminant hand.

| EIOL Gird S5 Mad 10Uinda 138 @
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OO0 7
Activity 10.1 A

Question

How can we investigate the endurance of hand muscles?

Equipment needed

A stopwatch
A clothes peg

Safety
@ Be careful when using the peg to avoid injury. o

. = Figure 10.4 Hrm«%nga clothes peg
Conducting the activity N

1. Work in pairs, one is the subject and the other the recorder.

2. The subject holds a peq in their dominant hand and extendsthwut straight in front of
them.

3. The recorder presses the start button on the stopwatch.

4. The subject opens and closes the peg [gripped between thumb and fingers] as many times as
possible in 60 seconds with arm extended. b

Leave the stopwatch running and allow the subj st for 60 seconds. Record results.

subject then repeats the task with same hand.

Allow 60 seconds rest,

Subject holds the peg in their non-dominant I@nd performs task for 60 seconds. Record

results.

9. Allow sixty seconds rest and then subject ts task with non-dominant hand.
10. Students swap roles and repeat activi
11. Record the number of times each w&pened and closed the peg in each of the 4 stages of

o L

the activity.
a -a-*'! R, Q
10.1 What physma! ticns were made by each student during the activity? b
10.2 What conglusions did you reach about the endurance and recovery times of hand :
muscles in minant and non-dominant hand? .
L]
|

10.2 How can yc}: explain these conclusions?

137
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- Q0 «1:’

10.4 The above experiment invalved testing the endurance of each hand in performing a

repeated movement. Work in small groups to design and run an experiment t *
tests the ability of each hand to grip an object with maximum strength for a

sustained period.

T A W

Y r Ty T rrrrr FT T s

&

Q)L q\'

10.5 What is the main function of thumb muscles in the precisi P power grip of the i
hand? & i
10.6 Where are the muscles that primarily control the moveN.nf the middle three fingers

on the hand located? 3
B . e S B R e S R R B R e R R R S LR SR e R B B im S B e . e e e e

>
.

@ %
6
<
Q‘kw
&
&ﬁ
P
s
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MODULE

L

Learning outcomes
At the end of this module you will be able to:

Describe the structure of the human sexual system (5311

Investigate features of the structure of male and fernale gam etgs 4 Fﬁ:

Describe the development of secondary sexual characteristi-:‘s‘dﬁ'rli;g puberty (3213
Describe the menstrual cycle and the role of vestrogen and p'imgg_s.t;erone 9714

Explain the meaning of and types of contraception LEREY =

Explain the consequences of sexually transmitted diseases atﬂlpreventiﬂn measures (9314

Compare the development of the embryo and the fgetug.ii.;

Explain the consequences of smoking, alcoholand other drugs on the development of
the human embryo 32113 N’

@ Keywords 9
v gametes + testis + pub sperm « scrotum ' penis v ovary
v fallopian tube + uterus @hix v vagina « menstrual cycle
" menstruation « ovulation + fertile period + intercourse + fertilisation

v implantation + pregnancy « amnion " amniotic fluid ' placenta

v umbilical cord @u raception «" 5Tl
]

Introduction

The human reproductive systems (male and female) are composed of three structural levels of

organisation:

1. A pair ofistiictures in both males and females to produce sex cells (gametes):

» Thetestes produce the male sex cells called sperm

» The ovaries produce the ferale gametes called eggs or ova (the singular is ovum),
2. Aseries of transport tubes,

A number of glands to secrete hormones that control human reproduction.

ENOL Gird Sis Mad 11inda 139 @
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The male reproductive system

What are the functions of the parts of the
male reproductive system?

Testis

The testis (plural testes) makes sperm. The testes start to
make sperm between the ages of 12 and 14, This is the
age of sexual maturity (or puberty) in boys.

A few weeks before birth they descend out of the body c
cavity into a pouch called the scrotum. The temperature
in the scrotum is maintained at 35°C. At this temperature

Figur®®d 1 The male
Bproductive system

meiosis can occur, producing sperm. (Meiosis does not take place properly in males at normal
body temperature, i.e. 37°C).

Sperm :

Sperm are produced by meiosis. Sperm-producing cells“ﬁe diploid, i.e. they contain 46
chromosomes. They divide by i

meiosis to form sperm cells. Melosis Acrosome

halves the number of chromosomes ¥ gt Flagelhm

@ and so sperm cells (spermatozoa) = g
are haploid, i.e. they containonly23 % - — .
; Head Midpiece Tail
chromosomes.
Each sperm cell contains: . Figure 11.2 Structure of sperm cell

@ Anacrosome (a region

_| Puberty is the beginning

containing enzymes b ;
of sexual maturity.

that can digest the
membrane of the ég.g}
® A nucleus (congaining 23 chromosomes)
® A midpiece ﬁ:ﬁnaafning many mitochondria)
@ Atail (td allow the sperm to swim).

Sperm are form@d continually throughout a man's

lifetime, Figure 11.3 Sperm cells (scanning
electron micrograph, or SEM)

Scrotum
The scrotum is a sac in which the testes are held. The
L serotum holds the testes outside the body, allowing them

to be kept at a temperature just lower than body

y temperature. This allows sperm to be made successfully.

| EIOL Gird S5 Mad 1 1Lisgd 140 @ WWIE 630 M



E 11 HUMAN REPRODUCTION

3"

Sperm ducts

Two sperm ducts carry sperm from the testes to the penis.

A number of glands are located beside the sperm ducts. These glands produce a liguid called
seminal fluid. The mixture of sperm and seminal fluid is called semen. q

Penis
The sperm ducts join a tube called the urethra. Sperm pass through this tube, vihichﬁated
in the centre of the penis.

The penis allows semen (or sperm) to pass out of the male body and into th@the female,

Testosterone
Androgens are male harmones. Testosterone is the main andmgerﬁ%mduced in small

amounts by the testes before puberty (and by the female ovaries throughout life),
Testosterone causes the primary male sex characteristics early in i . the growth of the

penis and other male reproductive parts and the descent tes into the scroturn.
erty,

The production of testosterone increases enormously at causing the enlargement of
the penis, testes and other reproductive parts. Testost o causes the secondary male

characteristics. Q

Secondary male characteristics q Yo" m—

@ Growth of pubic, underarm, facial and body characteristics are

@® Enlargement of the larynx, causing th to break and those features that
deepen distinguish males from

i ’ iy @ females, apart from
ncreased muscular and bone de ent the sex organs

® Widening of the shoulders & themselves.

® Growth spurt (body weight may double)

® Increased secretion of the skin

O® 4;'

11.1 Rewrite the words below in the correct order to describe the path taken by sperm cells:

-
@ct penis testis

) - S @ (3)
11.2 the structure in males responsible for each of the following:
Making sperm
(b) Controlling the temperature at which sperm are produced
(c) Transferring sperm to the female
{d) Carrying sperm from the testes to the penis.

T T EEEE T e T

A T T A T T A N R N P R R N RN W T T R PR P P R R TR TR RN R T AR TR R TR RN NN
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A .
& .i{,-
11.3 (a) Draw a diagram of a sperm and label four major parts. N 1 g
(b) Give one function for each part named. .
11.4 (a) Distinguish between primary and secondary male traits. * :
(b) MName the hormone responsible for these traits in males. Q
11.5 Make a sentence connecting these four terms

(a) 35°C {b) testes () scrotum gaﬂz >

M,
o T,

The female reproductive system :

.’H : 'H]
What are the functions of the parts of the female repr’ﬁ‘uclwe system?
Ovary &
The ovaries produce eggs. The ovaries start to
make eggs at puberty. This occurs between the

ages of 10 and 13 years. Other changes taking
place in the girl’s body at puberty include;

® The maturing and enlargement of the
breasts

Widening of the pelvis (to allow for bur;ﬁT )
Increased body fat
Growth of pubic and underarm hain™ .
Growth spurt (which is also stlmulate:ﬂiy °

testosterone produced by the ren I :;.i::: 11.5 The female reproductive
glands).

®
ee oo

e
.
S
i

R B
These are known as the secgnd‘ﬁﬁemale characteristics.
Eggs are the female sex cell"s?ﬁujametes Each egg is much larger than a sperm cell,

Mormally, one egg is ff\mé each month in the female body. Egg production starts at
puberty. Beyond the agEHFES the number of eggs in each ovary falls dramatically. Egg
production usua[ﬂr@s between 45 and 55 years of age. This stage, where the ovaries have
run out nfeﬁs is l:aﬂed the menopause (or the ‘change of life’).

Fallopian tul:uui'r

The fal&eranfiube collects the egg from the ovary
and;iﬁjﬁi it to the uterus,

I[F_iperm“are present, one of them may join (or fuse)
the egg in the fallopian tube. If there are no
si?errn present, the eqqg dies within two days.

.

LU Uterus
LAY

Figure 11.6 Sperm about to fertilise
an egg

The uterus or womb is the place in which a baby
[ ] 4.’1. {or embryo) will develop.
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Cervix '

The cervix is the opening or neck of the uterus. Sperm pass through the cervix in order to kl

reach an egg. >
Vagina q
The vagina is a muscular tube into which the penis releases sperm. It forms the birth I

when the baby passes down the vagina at childbirth.

00 -

11.6 Name the structures in males and females that produce gametes.
11.7 Outline the differences between sperms and eggs in terms of: %
(a) Size (b} Mumbers formed y {c) Structure
11.8 In order to prevent pregnancy some women have their @bﬂs closed by
surgery. How does this prevent pregnancy?

P

11.9 Research the name given to a similar proc as that in question 11.8 for males,

R

e e e . 0

where the sperm ducts are cut or sealed. :

What is the menstrual cy

In females, one menstrual cycle takes about every twenty-eight days between puberty
and the menopause, The menstr le does not take place during pregnancy (i.e. when a
baby is developing in the uter

The main events in the menstr le are outlined below. The times given in this account are
average times. These timi n be different in different females and during different
months.

The menstrual e

The menstrualicycle {mensis is the Latin for ‘month) The menstrual cycle is a series of
begins at and continues until events that occurs every 28 days
the menopause, which is the end of a woman's on average in the female if
repro life (usually between the ages of 45 and | fertilisation has not taken place.
55). The menopause is when ovulation
and menstruation stop happening
vents of a typical menstrual cycle can be i afermale.
marised as follows:

143
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Days 1-5
® The old lining of the uterus (the endometrium) breaks down and is shed from the body.
The loss of this blood and tissue through the vagina is called menstruation (or a penicn#_
® Meiosis occurs in an ovary to produce a new egg. The new egg is surrounded
Graafan follicle.
Days 6-14
@ The developing Graafian follicle produces the hormone oestrogen.1 OFMOne causes
the endometrium to thicken again.
@ Oestrogen also prevents new eggs from developing, so that le one Graafian
follicle develops during each menstrual cycle.
Day 14 S g
® Ovulation occurs when the Yellow ba m Potential
Graafian follicle bursts to Yellow body {e:?igllalald}
release the egg from the (or corpus St Ve, Graafian
: luteum) "Ny - " follicle
ovary. The egg passes into
the abdomen of the
B Mature
female and on into the egg
funnel of the Fallopian Q iHagioid)
tube. The egg is then 4 ™.
moved along the Fallopian % Fallicle i Graafian
g d bursts G}\\ Egg fiallicle
tube. {Ovulation)
@ The eqq is normally only

available for fertilisation % Figure 11.7 Changes in the ovary each month
M.

for up to 48 hours after ovul
Days 14-28 Y

QD

144
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The remains of tan follicle develop into the corpus luteum (vellow body),
The yellow body makesthe hormone progesterone (and some oestrogen), which causes

the endom thicken even more,

Proges e also prevents new eggs from forming. The egqg that was released will die by

day 16 iFitisnot fertilised,

If fertilisation has not taken place, the yellow body (corpus luteum) starts to degenerate

a d a’a}r 22. This results in a reduction in progesterone levels, which causes the lining
terus to break down on day 28,

On day 28 the spongy, nutritive lining of the uterus

reaks down and is released from the body through Wenstruation s the discharge
of the lining of the uterus (the

the vagina. This bleeding is called menstruation or endoratium] andtha
‘a period. The bleeding lasts for about 5 days. The unfertilised egg.

onset of bleeding marks the start of a new maonthly
{menstrual) cycle.

TWIA 531 FM



11 HUMAN REPRODUCTION

]

£

2

]

&

E

=

i

E
Figure 11.8
Events during a

single menstrual Time
cycle o

Functions of oestrogen and prog 9’

® Oestrogen causes the endometrium to thick e first half of the cycle.

® Progesterone continues this process in the second 14 days. o
® Both hormones prevent (inhibit) eggs frar(@laping. For this reason they are used in

characteristics. These are the growth ex organs, The combination of cestrogen and

progesterone at puberty causes tl@mndary female characteristics.

R

contraceptive pills. %
The high levels of oestrogen produced i puberty cause the primary female sexual

ickness of Bning of wterus

E

5 10 15 20
Tirree (daysh

E Figure 11.9 The changes in thickness of the lining of the uterus over part of the menstrual cycle
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11.10 Figure 11.9 shows what happened to the thickness of the uterus lining over par
menstrual cycle. Refer to this figure to answer some of the following questions. @
(a) What is menstruation?
()] On what day did menstruation finish?

(e] Why does the lining of the uterus thicken? g
{d) On what day would you expect the lining to decrease in thickness a as it did

on day 17
(e) What is ovulation?
(f) On what day in a normal menstrual cycle does uwlatier&y occur?
11.11 State one important event that occurs on the following d typical cycle;
(i) Day1 (i) Day14 & (iii) Day 28.
11.12 Name a hormone associated with; N
(i) Days5tol4 (il) Days14to 28
11.13 Which hormonels} is/are associated with pri secondary female characteristics?

T A .

The fertile period Q"

The fertile period is the time during the m al cycle when a female is most likely to

become pregnant if she has sexual intercour

® ® Sperm can survive in the female re@(twe system for five to seven days. They survive

for such a long time because thefemale system nourishes the sperm.

@ The egg can stay alive for two

@ The fertile period is the ti the menstrual cycle when pregnancy is most likely to take
place. For a twenty-eig ht—:mcle this is normally from day 9 to 16.

@ The fertile period may erent in every female or in every month because menstrual

cycles are not alw nty-eight days long. In some females the fertile period could
start before day w

> 53

Did you know?

st beyond day 16.

Figure 11.10 The menstrual cycle and ,;
the fertile period N -

R %,
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What is sexual intercourse? . 1

Sexual intercourse (which is also called copulation) takes place when the erect penis of the
male is placed in the vagina of the female. *

The movement of the penis in the vagina causes semen 1o be released from the penis. Q

What happens to sperm in the vagina?

MNormally, millions of sperm are released into the vagina. The sperm maove th mu%c rvix
and into the uterus. They then move from the uterus towards a fallopian tube.

After ovulation, the egg is pushed along the fallopian tube by tiny hairs. Ma m Swarm
around the egg in the fallopian tube, Soon the head of one of the sperwnter the egg.

If there is no egg present in the fallopian tube, the sperm die, normia five days.

QU N

11.14 How do the sperm know which ovary has released

L T FR R T T FTTTEFFFTrT T YT TTs mmmmn.nns.nm FF FF T T rF T rrrrrrrTewn
What is fertilisation?

Fertilisation takes place when the nucleus of a Sans or fuses with the nucleus of an
egg. This takes place in the fallopian tube.

The fertilised egg forms a single cell called a z

Fertiltsation ™
takes place here (X} Path of egg
(1) Sperm are releazed
: P frgen thee penis
Figure 11,11 Path of sperm and e,
egg lgading to fertilisation ° 2

5'“"” Nuclei of
egg and sperm Zygote

Figure 11.12 The process ¢ @ @ @

of fertilisation |
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11.15 Figure 11.13 represents sexual reproduction in humans.

{a) Name the structures
represented by the letters A
and C.

(k) Mame the cells represented by
Band D,

{c) Name the process E.

(d) Mame the cell F.

(e} Inwhat part of the female
reproductive system does
process E normally occur?

Figure 11.13 Representation of
sexual reproduction in humans

Y/

11.16 How are identical twins formed?

11.17 In what way is the formation of non-identical twins different to the formation of

identical twins? %

Pregnancy %

Once the zygote has formed it hrough many
cell divisions to form a ball of cellfThese cells then
form an embryo, Within a s of fertilisation,

the embryo becomes ed to the lining of the
uterus, This attachme| lled implantation.
Soon after this, t%wo becomes surrounded
by a membrane called the amnion. This membrane
fills up wi quid called amniotic fluid. Amniotic

fluid acts as a shock absorber to protect the
embryg (or baby) during pregnancy.

After gight weeks, the embryo can be recognised
as a human. At this stage, it is called a foetus.

ancy normally lasts from implantation until

| EIOL Gird S5 Mad 1 1ing 148 @.

Figure 11.14 A three-day-old embryo on
the tip of a pin

birth. A normal pregnancy lasts around forty weeks (about nine months).

Video

Cell division
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Sparm
r

Ferifiaaion Tl dnvision Coll ciiiion PC _'

y
Tygote Ball of cells b
Egg F
Figure 11.15 Sexual reproduction
Pl enta
Uenbilical coed
Foetus —
At fuid —
Thagenict)
illll%r :
d’ 2.
:%ure 1117 Foetus in uterus
Chn ®
11.18 Rewrite the following in the order i h they normally take place:
1
implantation amni FIms intercourse zygote forms. f
gamete formation ferti n embryo forms
(1) &14! (6)
(2) (5) (7)
(3) Q
What is the pla,c@n'ia*
A structure calledﬁ’«[zl?ema forms early in pregnancy. The baby's blood passes through
the umbilical cord to !ﬁd from the placenta. The placenta attaches to the lining of the uterus.
The umbiFical@rd attaches to the baby at the navel (belly button).
The fu{yctldﬁs of the placenta
The f uﬁ&p of the placenta is to allow materials to pass between the mother and the baby in
the uterus;
V‘*:Fnc:d and oxygen pass from the mother’s blood into the baby’s blood.
*‘ Waste products (such as carbon dioxide and salts) pass from the baby to the mother.
® Along with these useful functions the placenta also allows harmful substances, e.g.
alcohol, smoke and drugs, to pass into the baby. 149
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@ Urrsbilical coigd _\\]

Wall of merus
Fostut ;

Placenta

Foter s
B

P

Figure 11.18 Essential and harmiful substances
can pass between mother and baby

Embryonic development

Embryonic development up to

8 weeks

The heart forms and starts to beat in the
embryo in the first 4 weeks after fertilisatio™
The brain develops and the umbilicalcord
forms. By the fifth week, the internaliargans
and the limbs have started to farm. By the
sixth week, the eyes are visible and'the
mouth, nose and ears are formipg.

By the eighth week, thétaikhas diminished.
The face is human and theimajor body

Figure 11.T9Foetus aged twelve weeks

Figure 11.20 An 8-week-old foetus in its sack of
amniatic fluid [right) with the placenta (pink, leff)

organs are formed. Quaries or testes are distinguishable. Bone is beginning to replace

cartilage. At this stageé the embryo is recognisably human and is called a foetus.

Embryonic development up to
3 weeks

From tha'gighth week onwards the foetus
grows and refines the structures already
formed. During the remainder of the
pregnancy the foetus does not produce any
more organs. The last 7 months of the
pregnancy involve the growth of the foetus
{along with the enlargement of the mother'’s
uterus and abdomen).

| BIOL Gird S5 Mad 11inda 150 @

Figure 11.21 A foetus (12 weeks old) and
umbilical cord
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11 HUMAN REPRODUCTION
By the end of the third month (12 weeks) the eyes are low in the face and are widely spaced. '
Bones grow to replace cartilage (called ossification). The nerves and muscles become *’

coordinated, allowing the arms and legs to move, The foetus sucks its thumb, kicks and forms
&

milk teeth beneath the gums.

Although it is exchanging gases and excreting waste through the placenta, the foetus is SEQ
to take amniotic fluid in and out of its mouth. It even urinates and releases faeces int

amniotic fluid. At this stage the external sex organs have formed and the gender of the'fgetus
can be seen in scans.

Endametrium

— Unerus wal Did you know g r—
[musela) & | b
S The em nd = il=
Placenta S are particularly sensitive
— Amniotic to radi and 'dl’l.lgﬁ
fluiicl ing alcohol and smaoke)
rst 3 manths of
™ s L H
um::;ﬂ evelopment. This is due to the
mation of tissues, organs
Q Cervix Q and Systems in this time.

Figure 11.22 Foetus in the uferus

Gestation %
Gestation is the length of

In humans gestation lasts 266 days (38 we%r 9 months) time spent in the uterus
from the date of fertilisation. from fertilisation to birth,

06 o

11.19 Figure 11.23 mpmse@nks between a mother and her foetus during pregnancy.

tructure X
i

Foetus I Maother

- P
= L

Z
O
& 1.23 Representation of childbirth

MName the structure shown as X.

ame a gas that passes in the direction of arrow Y.
{e] Why does the foetus need the gas named in part (b)?
& (d) Mame a gas that passes in the direction of the arrow Z.
(e} From what organ does the gas named in part (d) pass out of the mother's body?
(f] Why can a foetus in the uterus not breathe through its mouth?

T T T Ty T T T Ty rTryryereey

L R R R ]J]
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%

11.20 What is the importance of the placenta during human development in the wnn*
11.21 From what tissues is the placenta formed?

e L Lk N A A N A aE o WP A B L T LT L.} nm.nnm
Contraception ‘Q’ :
Medical issues &

Contraception is the deliberate use of artificial methods to prevent preg nam

—

Some couples want to control the number of children they have a@l how soon after
each other their children are born. Others wish to have sexual intercourse without the female
becoming pregnant. . %

These couples may use contraception as a method of birth ¢ or family planning, in

order to prevent unwanted pregnancies. \'

There are two main types of contraception: Q
@ Preventing fertilisation 0

@ Freventing implantation.

Preventing fertilisation

Natural methods Matural methods of mt: g the sperm from reaching the eqg are based

around avoiding intercourse during the le's fertile period. These methods aim to predict

or detect the time of ovulation.

Artificial methods Artificial m s of contraception include stopping the female from
producing eggs. This can be ac by the female taking the contraceptive pill.

Other artificial methods in@pr&uenting the sperm from reaching the egg. These methods
include;

® Theuseofacon ich covers the top of the penis

A cap, which%th Cervix

Chemicalcream$ior foams, which kill sperm

Medi rations in which the sperm ducts or fallopian tubes are cut and sealed.

Prevepting implantation

& ills prevent pregnancy by stopping the embryo from attaching (or implanting) in
terus.
&A T-shaped device inserted by a doctor in the uterus also acts in this way,
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Hatural family planning *
.'I s

Vaginal rimg
teentaing
contraceptive
harmones)

Contraceptive
paich

Owal
contraceptives

Figure 11.24 Contraceptive methods 0

00 o

11.22 What are two of the main purposes traception?
11.23 Contraception can aim to prevent o two things? Name them.

-—--_..l....----_..--...-...--.@_-...i-----------------l‘.‘-‘-.-l..l..

Sexually Transmitted Ilfﬂg!inns

Sexually Transmitted Infectio 5] are infections passed from person to person through
having sexual intercourse or fro I sex.

Itis mot usual for such i 5 to be transmitted through mouth to mouth kissing, sitting
on a toilet seat or ng a drinking cup. Both men and women can be affected by STls and in
some cases there no obvious symptoms.

General signs of STI‘* however, include:

L Hashe&nd itchiness around the genital area

® Unusua harge from the genital area

o ﬁng sensation when urinating or having intercourse,

STI" e avoided by not having sex or using a condom. The pill and many other methods

$ﬂtracepﬂon do not protect against STls.

ENOL Gird Sis Mad 11ing 153 @ WS wm|
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Gonorrhea d

_'M 1'| &
. . s . - r

Around half of women and one in ten men infected with Gonorrhea will show no ubn.rmus . xt-,z-
signs or symptoms.

o
I""

Common symptoms -':«_k_ b N
i 4
® Unusual watery vaginal discharge - @ Pain in the lower ahdomlmj‘.!garea
yellow or green in appearance ® Bleeding between peno&h\
® Pain when urinating @ Paininthe testlcles
Long-term effects if untreated af 'x‘x,a
‘!. \'.

® Painin the pelvic area
® Canlead to blocked fallopian tubes or ectopic pregnancy. | ' ;',ﬁ-";j

&~ L
o
.
L

Syphilis N
The symptoms of syphilis vary according to the stage [pﬂ M-Si"it*br secondary] the infection has

reached.

Common symptoms

Primary stage:

F. =
-'.Y ".
® sores appear where the bacteria *'":i‘.-;*’f ® aninfectious rash which appears all over
entered the body . s the body or in patches, mostly on the
”_"
® other sores can appear on other ar H; palms of hands and soles of feet

body, most commaonly for wunﬂm the ® symptoms resembling flu: tiredness, loss
genital area and on the cervix anc%r of appetite and swollen glands
men in the genital area anfg‘i ﬁhe penis

"
Long-term effects if untreated
May cause serious ::Iamaq&m the heart, brain, eyes and other internal organs.
N

AIDS
Cause , ¥

F

AIDS is a EI?n which the person
cannot make antibodies. This is due to

mf&ctnqgmth HI,

Traﬁlhissiun

lﬂ enters the body in fluids such as blood

'aplﬂ;}semen The most common methods of

tr.a nsmission are sexual intercourse, infected
% blood products and shared needles. It can

also be passed from mother to child across °

4
Py
Hondy

Figure 11.25 MV (pink) emerging from the
membrane of an infected white blood cell

the placenta or in breast milk.
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3"

HIV is not contracted by touching, embracing, kissing where saliva is not exchanged, sharing
utensils such as cups or from toilet seats, *

Effects &

Once the virus enters the body, it may enter a white blood cell and either remain dﬂlman%
produce no effects, or disable the white blood cell.

Control and Prevention » Q

At present there is no cure or vaccine for AIDS. However, recent discoveries in me?&nn can
reduce the complications and prolong life for those with AIDS. Q
Prevention is vital in controlling the spread of AIDS. The main methods nznwe tion are:

(f) Once you've had an 5Tl you cannot catch it again.
s are not normally transmitted mouth to mouth.
1. What does HIV attack in the blood?
(b) What is the effect of HIV attacking this part of the blood?
Apart from sexual intercourse, name two other ways HIV can be transmitted.
11.28 Which method of contraception is effective in preventing the spread of HIV?

® Avoid sexual intercourse ® Avoid cuntacawith d and body
® Confine sexual intercourse to one fluids (i.e. wea s when treating
faithful partner another 's wounds)
® Use acondom during intercourse ® Those with AIDS or who have tested
® Do not use shared needles, toothbrushes posit W antibodies should not
or razors d:@md, semen or body organs.
Q)[u.
11.24 The chances of catching a sexually trans infection are greatly reduced if ... . ’: @
Put a tick {v') or cross (X). 3
(a) the man uses acondom :
(b) the couple keep themselves clea E
(e} thewoman is on‘the pill’ ’.
(d) the partners are ‘faithfi each other 3
11.25 True or False? 4
{a) Obvious sympto Q pnorrhoea are less common in men. {
(b) Gonorrhoea can prevenbsuccessful pregnancy. :
{c) You might n% you had an 5T1 unless the doctor or 3
partner you :
(d} Some symptoms of STls go away, but the person i
can still be infected. :
(el ymptoms of primary and secondary stage syphilis .
different. E
i
1
]
{
i
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Activity 11.1 &

Question ¢
How can 5T1% spread harmful microbes without either partner knowing? q
Equipment needed

A test tube filled with water for every member of the class except one Q

A test tube filled with dilute sodium hydroxide for one (unknowing) member of ¢

An indicator solution for teacher e.g. phenolphthalein
Pipette for each student

Safety
® Care should be taken not to spill water to -
avoid someone slipping. \ :

Conducting the activity [

1. The solution in the test tubes represents -‘Q £
bodily fluid. One test tube is different Hr -

linfected), Q ==

2. Each student should mix the solution in MERL 150 NeRua FemE

their test tube with the solution in the m%uf five other students.

Use the pipette to transfer solution and stir withi'the pipette,

Return to your seat when done.
The teacher will now add an lndl%ol on to each test tube,

: REMSG,  gElSA,

11.29 What percentage%:esttubes were ‘infected’ [turned pink]?
11.30 What conclusions ca drawn about the spread of 5Tis from this?

-

L. ssmmm
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Learning outcomes o

AT
'\,
'\\.

At the end of this module you will be able to: E

Understand the works of C. Linnaeus and J.B Lamarck (8251
Explain the role of Darwin's theories in the teaching of Evolut|nn Hgf
Describe the driving forces of evolution (9353] 1‘3?-'\;;

Describe the role of natural selection in the adaptation of arﬁ]&;_;ns 9154

Understand the definition and nature of species (2255 &"‘A\g‘b

Explain the causes of speciation (%257

" "\* " :
_) Keywords

 biodiversity + fossil + extinct +'s + natural selection + mutation
v evolution " adaptation taxur% v classification ' speciation | ®
Introduction

There is a rich biodiversity on Earth. This means there
are many different types of living thing‘.'}.".Hl.llmans
have often wondered where all thes-e types of life
came from, Were they always E';“E nt'on Earth? Will
they always be here?

Evidence from fossils :wbi}.h are the remains of very
ancient living thlngs]n tells ugthat some types of living Figure 12.1 A fossi!

things have been wun,ad eut.

But there are no very ald remains of some modern living things.

This suggests that séme living things disappear (become extinct) and new types of living
things em E[ggl,fi'}e. that life on Earth changes.

me two types of living things that were on Earth but are no longer present (i.e. they
are now extinct).
Mame two extinct animal species from Kazakhstan.
12.2 Research how long ago modern humans are thought to have arisen. ——
T -~ 157
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MODULE 12 EVOLUTIONARY DEVELOPMENT

Evolutionary scientists before Darwin

Carl Linnaeus CAROLI LINNEI
&"' .

Aremarys Buses, Mo & B o i
Carl Linnaeus, borm in 1707, was a Swedish lecturer in botany L S i %&m&

who is best known for creating the system of naming S Y S TEMA.

animals and plants that is still used today. He is known as the NAWR ,EE
‘father of taxonomy’ because of his classification system REﬂN}E#ﬁE _:."-‘ATUH £,
which divides animals and plants into hierarchies and gives At ABR A, SPECIES,
each an individual name. The binomial system is a system in ra;%'gip}[ﬁ;?rﬂﬂ;hnu_
which each animal or plant is identified first by its genus ‘ 5 Towsl
name and then by its specific species name — both names 4 . "‘“::11“:”;:11?.-1

are given in Latin. Thus, humans are identified by Homo our P —— —
genus name, which modern humans share with closely e L
related species like Neanderthals, and our species Q

sapiens. Thus, in the binomial system we are called H Kigiall 2 Con iy

sapiens, whereas Neanderthals are identified as m
neanderthalenis. In his lifetime, Linnaeus identifie classified over 12,000 species in this

way and his work is recorded in his public 3 such as Species plantarum (1753) and Systema

naturae (1758) which are still referred to today™y#

Scientists continue to identify new spe:%ch year and estimate that many species will
disappear before they are discoveredsTo-date, only around 2 million of the estimated 8
million species on earth have beermiﬁed.

Jean Baptiste Lamarck

Although Charles Darwin wat the most well-known scientist working
on theories of evoluti e nineteenth century, there were others
working on related jdea re him. Jean Baptiste Lamarck, who was
bornin 1744, ba e of his ideas on similar evidence for evolution
used by Da : fossil records and the identification of vestigial o

structures/k one of the first scientists to investigate the idea that

I ':._J_;: wa

Figure 12.3 Jean
Baptiste Lamarck

organisms adapd ed to changes in environment,

NErE fgur main ideas in Lamarck's theory of the development of
‘over time that Darwin's theories would eventually explain differently.

There
orga

Lamarck argued that organisms evolved as they were required to make greater or lesser

se of an organ in their environment. So, for example, giraffes that were required to
stretch for higher leaves would develop longer necks in their lifetime. Similarly, if an
x_?;;;h environment required less use of an organ it would shrink through disuse. [Compare this
Sy to Darwin’s notion of variation in the next section.)
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v

@ He also argued that organisms would transmit these acquired characteristics to their %
offspring. (Compare this to Darwin's idea of inheritance in the next section.)

@ Lamarck, based on the two ideas above, further argued that all life was involved in a &
process of developing from a simpler to a more complex form, which set him against
those who held strong religious views on creation at the time. (Compare this idea to
Darwin’s notion of differential survival.)

@ Finally, given the above, his theory did not embrace the idea of extinction. (Campare this
to Darwin's ideas of survival of the fittest and extinction. ) &

q}#-.-"“om_.":' ;
2 ® .. 9
12.4 Use the internet to research and find the binomial classifigation ofthese animals and
plants native to Kazakhstan,

Argali

Figure 12.4

estimates?
12.6 Ildentify three way
12.7 Give two examplés iniahimals of vestigial structures.

_.‘_,_qnn"-nﬁ.%n"-._mm.ﬂ HHHHHH B e

Charles

There are r of suggestions as to how the variety of living things may have arisen
er, the most widely accepted explanation based on evidence is the theory of

. |. natural selection. This theory was first put forward by Charles Darwin (in
with Alfred Russel Wallace) in 1859,

12.5 What percentage of thehqie on earth have been identified according to current
whic

amarck’s and Darwin's ideas of variation are different.

T T T T T T T T T T R R T T T R T R R R T P PR R PP T r T T r T e

Howe

evol
associdtic

Q
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parmts to their offspring during reproduction.

¥ the members of a species are different due to o

12.8 Write a short biography of Charles Darwin.
Include a couple of sentences on each of the
following:

@ His childhood

His studies

The famous ship journey he took

The islands off South America that he visited

His health.

Anmateficmnhst Biography

Wa‘fﬂ;;h Exploring Science animation to find
Agut more about Darwin and his theories.

Evolution by natural selectiun_f_‘_._:.-

Evolution is the process by which different kin'léh"nf living things develop from earlier forms
during the history of Earth. Before we Idrolr‘at Darwin's theory of evolution, we need to look at
a couple of important terms: speciesand mutation.

|

Species
A species is a group of I|-.r|ngathmgs that can reproduce together to produce offspring which
themselves can reproduce. Fm:_exa mple, humans are a species; dogs are a species; so are
daffodils, cabbages, cats'and rabbits.

. B
A cat and a rabbit ﬁnnni'@raduce together and so you know they are different species.

The members ofa sp-&::l&s have similar genes and so they have many characteristics in
common. mwﬁw the members of a species may show variations that are inherited because
they are cause&by changed genes,

Varigfign and Mutation
'l.-'vh:.-ﬁwfélif'iu'I that characteristics of an organism are
eqntmlled by genes and that genes are passed from

Changes in genes are called mutations. The genes in

Figure 12.6 Most humans have five
toes: if the gene is altered the person
may have extra toes

mutations and due to events that ocour in sexual
reproduction.
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v

For example, while humans are similar in having two eyes, they show variations in eye shape - "E.

and eye colour. These variations are passed on to the next generation because they are “‘{ﬁ
- - - - ‘:r
inherited or gene-controlled variations,

&

12.9 A cocker spaniel and a poodle can breed together to produce a cockapog (a*
dog). A poodle and a cat cannot breed together. What does this tell you abo
(a) Cocker spaniels and poodles? :
(b) Poodles and cats?

12.10 Name two other ‘designer' dogs that humans have developed.

000 .
<) S
desigher’ :

0 0 0 0 T 0 0 0 0 0 . 000

A,
- l:gs-:- é.l
Theory of evolution N

“}‘F‘
Darwin's theory of evolution is based on three things he n%ar!ed observations) and
from these he made two predictions (called conclusions). “

Ry

e

Figure 12.7 The ascent of Mankind

=

Darwin’s theory of evolution

Observation 1 :
Living things produce huge numbers of
offspring. .

For exam may produce
thousands of seeds, or a fly may lay
thou f eggs.

é Figure 12.8 A tree can produce thousands of seeds
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Observation 2 *
The environment (or surroundings) can support only a limited number of living things.

For example, there is not enough space for all the seeds to grow or there may not bg enough
food for all the flies to live. Observations 1 and 2 lead to conclusion 1 below. &

Eonclusinn 1 Q
If more In.rmg thmgs are produced than can Sunrwe they w:ll stmggle tc:lg resources.
Darwin called this the struggle for existence. It is now often called competitien for scarce

reésgurces
For example, seeds may struggle to get enough space and light to gr he flies may
struggle for food and water.

b
Dbsewatiun 3

Dan-nn studued ammals sm:h as pet pngeans and COWS on Alm, on hus m)rage amund the
world he noticed that species showed inherited vamHe realised that species could have

differences that they would pass on to their offspring. ation 3 leads to conclusion 2 below.

w 12.9 Variations in pet pigeons

Cuncluslnn 2
Smtable variation

Darwin realised of the variations would help the living thing to survive better.

For example if some seeds produced longer or bigger roots, those seeds would grow better;
if the win ome flies developed more quickly, they could fly away to get more food.

An adaptation s a characteristic that helps an organism to survive and reproduce. Living

at afé best suited or adapted to their environment survive more easily. If they

y have a better chance of reproducing and so passing on their genes (and their
suitable variations) to the following generations.

itable variations
owever, some variations do not help living things to survive better. These living things are
‘g not adapted to their environment and so may die. This means they do not pass their genes
{and unsuited variations) on to the next generations.
| ERCR Gl S8 Mo 12 1D @ TR 53 PM
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Natural selection %

The way in which organisms whose variations are suited to their environment survive and
reproduce is called natural selection. Nature selects those organisms that are best suited 4
adapted) to their environment.

Table 12.1 Summary of the theory of evolution by natural selection Q
Observation Conclusion * N

1. Living things produce large numbers of

offspring.
1. Living things struggle to su
2. The environment can support only :

a limited number of living things.

2. Nature selects the nisms with
variations that help them to live in the
environment.

These organisms sumive and reproduce to

pass on t%s and their variations.

12.11 Use the Internet to research three major guns that have allowed humans to 4 I
i
survive in their environment. i

L . P .
o '\'
g ]

<

Some people believe that Dam@wmry of evolution was the greatest
single idea that any human ever had.

( J .-wd'u'L-d"'ﬁpkn""{--'-.r"hﬁ ﬂ E

12.12 Read abo ges in peppered moths and then answer the guestions that follow.

3. The members of a species have inherited
{genetic) variations.

Before the Industrial Revelution (which began around 1780) most of the peppered
mothslip the north of England were light-coloured. This meant they were hard to
5 light-coloured barks of the lichen (a fungus combined with an algae)
overed trees. During the Industrial Revolution, for the first time a huge amount of
ution was emitted. This killed off most of the lichens. The barks of the bare trees
re now dark-coloured. By the 1860s most of the moths were dark-coloured.

B B e e

FY T T T TR N

& After more recent pollution control measures were put in place, the lichens grew
back on the barks of the trees.

T R R R . 'IE'}
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In

Figure 12.10 The ight-coloured moth is
hard to see on the lichen-covered tree F
s I

o
Mow answer questions (a-e), based on’

(a)

(b)
(c)
(d)
(e)

JEVELOFMEMT

summary:

Timescale
Before 1780
1780 to 1860
After 1860
Mow

Moth colour

Light

Some light, some dark
Maostly dark

“'“"vb‘-r_.! Figure 12.11 The light-coloured moth 15

very visible on the tree with no lichens

information above.

What was the evolutionary c@iﬁe tHat took place in the moths between 1780

and 18607

o

What was the cause nft@fhange?
What might have ha ggené“ to any light-coloured moths in the late 180057
M

Predict the colour

] gl‘nnths in recent years. Give a reason for your answer.

Explain how thg_,fg’]ja nges in the moths provide evidence for the theory of

evolution by natural selection.

&

‘o b
Evolution and the diversity of life

Evolution bymatural selection has given rise to all of the different types of living things on

Earth todayThis happens when a single species evolves to form two (or more) different

species. These two species then evolve to form even more species. In time huge numbers of

speciesdevelop from the original species.

Spectes and Speciation

Species is a group of organisms which share a genetic heritage and can interbreed to
ereate offspring that are also fertile.

There are a number of commeon features that represent defining criteria for a species. None of
the criteria is absolute but taken together they provide evidence for a species. The criteria are

presented in Table 12.2.

164
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3"

Table 12.2 A 1

Morphological  relating to features of external and internal structures »
Genetic specificity of the number and structure of chromosomes

Physiological  similarity of life processes and ability to interbreed to give fertile offsprin
Biochemical :thgity to synthesize specific proteins, the chemical composition @
Ecological relationships with other species and habitat *N

Geographical  specific area of the species distribution

Ethological features of behavior ?
When referring to the structure of a species we typically refer to sub-spegies and populations

within it. & e%

species ——— sub-species —————— hlatiun

A sub-species is a subdivision within a species consisting of in‘mls that share certain
distinct traits. It is usually linked to geographical distributi@olatiun within a species.

A population is a collection of individuals of a given species that occupy a certain area of
territory within the range of a species. Members of a u@n breed among themselves

and are partially or completely isolated from othe ulations. Population is the elementary
unit of evolution, because it is at the level of pop that evolutionary development
occurs through the struggle for existence, l':.a’tuﬂr selection and the emergence of mutations. o

species not able to reproduce fertile offs primg through interbreeding,

Speciation is the evolutionary process b}rEhIc pulations evalve to become distinct

Geographic isolation is considered to e most common cause of speciation events, where
one species divides into two new opes. Bor various reasons, populations become isolated by
physical barriers such as bodies r or mountain ranges, The new environmental
factors prevent the gene flow en the two populations and conditions in their [ =
respective environments int new selective pressures, ’%' _- I

As an example of how n%' Did you know?
spacies fowm, Sonslogy the Galapago is the Spanish word for tortoise.

finches on the G

Islands. Darwin studiedthese
birds on his voyage an the

Beagle. He that the 9 = ;
finches o fferent islands

were Siii §' in many ways, but Ground finch Warbler finch Cactus finch
i : (feeds an {feeds an feeds on
the differences in g hard seeds) imsects) cactus seeds)
ny features, especially their o
hapes. Figure 12.12 Finches

Darwin concluded that the original finches must have got to the islands from the mainland of
South America. On each island the conditions were different. This meant that:
165
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® ‘Where hard seeds were available, those birds with short, strong beaks were better-suitet
to feeding. A

@ If there were many insects, birds with sharper and more slender beaks were better-suite d
&

to feeding.
® On an island with many cactus plants, inches with long, pointed beaks were b@?ﬂmd
to getting cactus seeds. %
On each island, those finches that had a beak that was not well-suited taﬁfeea%n that
island got less food. As a result they died out. Those birds with the beaks rﬁWere most
suited to getting the available food survived. When they reproduced t passed on their
beak shape to the next generation.

4
Darwin concluded that from a single species of finch that flew [ﬂ%blﬂwn] in from

the mainland, many different types of finch evolved. The new bea _
=N
when genes became altered or mutated, __ %9 bret=i)
Did you knc 7

. A
This type of process has happened all over (S EAIeE) ;
the world to different living things over very llpariashal ever
long periods of time to produce the wide exet B e n et

pes argse o,

range of living things found on Earth today.

.-a&a" ot
"-_) Q [

Iy 12.13 Research the following: ‘ ®
[
(a] What country is nearest the gos islands? b

(b) How far is this country fi he Galapagos islands? g
(c) Suggestwhy the finches dit#hot evolve into as many species in their country of origin. :
|

S A
QU] I

12.14 Read this infn@nn the evolution of Galapagos tortoises and then answer the
t foll

o .

questions t i
L Fick .

On ope of t alapagos Islands Darwin noticed collar i
th fthe giant tortoises had shells with : ¢

low m ollars,

owever, he noticed a few tortoises with higher
k collars. All the tortoises fed on plants.

rwin predicted that in the future (possibly as a

result of a long period with no rain) the tortoises
with high neck collars would survive better. Over

the last hundred or more years the tortoises with
low neck collars have become extinct on that ‘
island, but many of those with high neck collars ° ¢

—— have e Figure 12.13 Two tortoises i
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MMODULE 12 EVOLUTIONARY DEVELOPMENT

(a) How would a lack of rain affect the number of plants on the island? ‘ '
{b) What advantage might a high neck collar provide for a tortoise in drier conditions? 3
(e) Apply your knowledge of the theory of evolution to explain why tortoises with :
high neck collars survived and those with low neck collars died out. t r
12.15 'Living things that do not reproduce are an evolutionary dead end! 'NQ
Explain why this is the case.
Q)C.) i)

12.16 Arman and Assel wanted their future children to be big and.s . S0 they went to the
gym every day for a year and developed really big, stmnwe so that their children
would inherit big, strong muscles.

Discuss this with your partner. Do you think their chi@.dd have big, strong muscles
as a result of their parents'working out in the g}r@a YOour answer,

..

P

A

B R R B e

Timeline for biodiversity
The planet Earth formed about 4.6 billion years ago. The first forms of life on Earth appeared

about 3.8 billion years ago. They were tiny, sing ed bacteria that lived in the sea. For about
90% of Earth's history, living things were fﬂéﬂ y in the sea or in watery environments.

Abaout 500 million years ago the first plants fungi grew on land. It is only since then that
all the modern life forms have develo @ar example, dinosaurs first appeared about 220
million years ago, birds 140 millionyears ago, and humans only 200 000 years ago. The
examples given show that evnlut&fmally takes place over long periods of time.

Q

| enic photosynthesis ﬂll:ﬁestlumnmka’yutes |
| Aerobic metabolisms expand | | &kalkmtyimrﬂ__

—— = 4 £

Billions of years ago Millions of years :
= i

38 3 ¢ 2 1 o500 230
i o} i 1 ] 1
|

. Simple multicellularity in mkmes |

5
|
|

-+ =

Firse First & ¢
fesrrms iving lamd First
things plants | humans

First
dinosaurs

Figure 12.14 A simple timefine for evolution
167
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Glossary

A

abiotic factors Non-living factors.
acoustics Relating to sound or the sense of
hearing.

acquired variations They are not inherited
but are learned or developed during life.
active site The part of an enzyme that
combines with the substrate.

active transport Energy (in the form of ATP)
is used to move molecules, often against

a concentration gradient, i.e. from low
concentrations to high concentrations.
adaptation Any alteration that improves
an organism’s chances of survival and
reproduction.

adhesion Occurs when different molecules
stick together,

aerobic respiration The controlled release
energy from food using oxygen.

alleles Different (or alternative) forms of
same gene.

alveclus A tiny air sac in the lungs.
amnion A membrane that surmou nds%:aby

in the womb.

amniotic fluid Liguid that surro and
protects) the baby in the womb.
anaerobic respiration The ¢ lled release

of energy from food wit the use of
oxygen.
antagonistic pair Two muscles that have

opposite effectst ther.

antibiotics Chemicals produced by micro-
organisms the growth of, or kill,
other micro-o sms without damaging

human tissue.
antib§ A protein produced by white blood
cells lymphocytes) in response to a
Sp tigen.
$al reproduction Invalves anly one
t.

otrophic (organism) Cne that makes its

own food.

axon The long threadlike part of a nerve cell
along which impulses are conducted from the
cell body to other cells.

§

&

ﬂ O

batch culture The growth of in.a sealed
container (or bioreactor) W period
of time and under ideal €gnditions until all the
nutrients are used up. N

biodiversity All li isms within an
ecosystem; this inmm animals and

micro-organisms
biogenesis Uvi%g 5 arise from other
living things of the Same type. This is also

called conti f life.
total quantity or weight of
given area or volume.
les Chemicals that are made inside
ing.
cessing The use of enzyme-controlled
ons to produce a product.
bioreactor A vessel or container in which
living cells or their products are used to make
a product.
biosphere That part of the planet containing
living organisms.

bioma
organisms i

a livin

biotechnology The use of living things

or their components (especially cells and
enzymes) to manufacture useful products or
to carry out useful reactions.

birth When the baby comes out of (emerges
from) the uterus of the mother,

birth contrel Methods taken to limit the
number of children that are born.

blood pressure The force exerted by the
blood against the walls of the blood vessels
{mainly the arteries),

bud A potential growth point that may
develop into a shoot, a leaf or a flower.

bulk A modified bud.

C

cancer A group of disarders in which certain
cells lose their ability to control both the rate
of mitosis and the number of times mitosis
takes place.

carnivores Animals that feed mainly on

animals. Examples are dogs, cats and
ladybirds.

| EROHL. Gk 58 Giedis inad 188
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carrying capacity The number of people,
animals or crops which a region can support
without environmental degradation.

carpels The female parts of the flower.
catabolic reactions Release of energy when a

complex molecule is broken down to a simpler
form.

catalyst A substance that speeds up a
reaction, without itself being used up in the
reaction.

cell continuity All cells develop from pre-
existing cells,

cell cycle The changes that take place in a cell
during the period between one call division
and the next.

cell wall Found outside the cell membrane in
plant cells.

cellular energy The energy stored in the
bonds of biomaolecules.

centromere The point at which the
chromosomes are attached in a double-
stranded chromosomae,

cervix The neck or apening into the uterus (or
womb).

characteristics Traits or features that are
inherited genetically.

chlorophyll The green pigment found in
plants (acts as a catalyst for photosynthesis)
chleroplasts Contain the green pigment
called chloraphyll.

chromatin The name given to chrol
when they are elongated and not %g,
chromosomes Coiled threads of DNA (which

farms genes) and protein that & visible
in the nucleus at cell division.

chromosome mutatiﬂ:'%ch ge
in the structure or num e Or more
chromosomes.
classification Fla b
based on similar char
climatic factors Weather conditions such as
temperature, ressure and precipitation
ies of years.

uction of identical copies of
jurmn [containing the target gene),
latory system Blood remains in a

ts into groups
ristics.

'-_; ive with respect to the other. Both alleles

are equally expressed in the heterozygous
genotype to produce an intermediate
phenotype.

ERCHL. Gl 58 Gledid inad 180

codon (or triplet] A sequence of three bases
in DMA (or RNA) that act as a code for an
amino acid.

cohesion The sticking of similar molecules to
each other.

community All the different populations i%

area.

competition Occurs when organlsr@ly
struggle for a resource that is inshort supply.
complete metamorphosis An:%«e cycle
where each stage of the cyclegds physically
different to the previous sta ﬁ

Pupa - Adult. v

concentration gradiir%adual change
in the concentration of solites present in a

solution behmeent ions.

conclusion A ary th-E results of an
experiment.

contra e use of artificial methods to
prevent p :

consy Organisms that take in food from
anoth ism.

uity of life Living things arise from
living things of the same type. This is
also called biogenesis,

inuous flow (food processing) The
h of cells in an open container (or
bioreactor), where nutrients are added and the
end products are removed all the time at a rate
that maintains the volume of liquid and the
number of cells.

-Larva-

contraction The process in which a muscle
becomes or is made shorter and tighter.

contraception The deliberate prevention of
fertilisation or pregnancy.

control Used to provide a comparison (or
standard) against which the actual experiment
can be judged.

copulation The act of sexual intercourse.
cotyledon A seed leaf.

crossbreeding Mating animals or plants from
two different breeds, varieties or species.

cytoplasm The liquid part of the cell that
surrounds the nucleus.

D

data The measurements, observations ar
information gathered from experiments,

decode Convert into a different or usable
form.

GLOSSARY
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GLOSSARY

A
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decomposers Organisms that feed on dead
arganic mattear.

denatured enzyme One that has lost its
shape and can nao longer carry out its function.
dendrite A short branched extension of a
nerve cell along which impulses received from
other cells at synapses are transmitted to the
cell body.

denitrification The conversion of nitrates to
nitrogen gas.

depolarisation To reduce or remove the
polarisation of (the membrane),

detritus feeders Organisms that feed on small
pieces of dead organic matter.

diffusion The spreading out of molecules from
a region of high concentration to a region of
low concentration.

digestien The breakdown of food.

dihybrid cross A cross between two different
genes that differ in two observed traits.
diploid cell One that has two sets of
chromasames, i.e. it has two of each type of
chromosome in the nucleus,

dispersal The transfer of a seed or fruit aw
from the parent plant.

diuretic (chiefly of drugs) Causing increa

passing of urine.
2

diversity A variety or range.
DNA profile (also called a DNA or
fingerprint) A method of makir@ique
pattern of bands from the DMA o rson,
which can then be used to %re with the
DA profile of another person,

dominant The allele that preve
recessive allele from beirge
hen seeds

dormancy A resti riod W
undergo no gro have reduced cell
activity or metabolism.

ogical niche (of an organism) The
ional role it plays in the community.
ecolegy The study of the interactions between
living things (organisms) and between
organisms and their environment.

3%

ecosystem A group of clearly distinguish
arganisms that interact with their envi

a5 a unit,

ectotherms Gain or lose heat from or to their
external environment.

ejaculation The release of s m the

penis. &
endocrine gland A ductles nd that

praduces hormones, which are released
directly into the b tr X

endoparasite A parasitic organism that lives
in the internal D%ﬂf an animal.
endospermic seed Contains some endosperm
when fully .

lndut%ﬂnerate their own heat from
metabolic régctions,

Wtei ns that speed up a reaction
witho ing used up in the reaction,

ectoparasite An external parasitic Qm
that lives on the skin or exterio% the body.

e specificity Each enzyme will react
nly one particular substrate.

eukaryotic cells Have a nucleus and cell
organelles, all of which are enclosed by
membranes.

evolution The way in which living things
change genetically to produce new forms of
life over long periods of time.

excretion The removal of waste products of
metabalism from the body.

exocrine glands Produce and secrete
substances by way of a duct (examples include
sweat, salivary, mammary and sebaceous).
experiment A test for a hypothesis,

expression The formation of the product by
the organism with the recombinant DNA.

extensor A muscle whose contraction extends
or straightens a limb or other part of the body.

extinct (of a species, family or other larger
group) Having no living members.

exponential Growth whose rate becomes
ever more rapid in proportion to the growing
total number or size,

F

fallopian tube A structure linking the ovary to
the uterus in females.
fauna All the animals in an ecosystem,

fermentation Another name for anaerobic
respiration,
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fertile period The time in the menstrual cycle
when fertilisation is most likely to occur.
fertilisation The union of the male and female
gametes to form a diploid zygote.

filtrate A liguid which has passed through a
filter.

filtration Water and small molecules pass
{under high pressure) from the blood into the
nephron.

flexor A muscle whose contraction bends a
limb ar other part of the body.

flora All the plants in an ecosystem,

food chain (grazing food chain) A sequence
of organisms in which each cne is eaten by the
next member in the chain.

food web Two or more interlinked food
chains.

forensic medicine The way in which medical
knowledge is used in legal situations.

fossil The remains of something that lived

a long time ago (or some indication of
something that lived a long time agao).

fossil fuel A natural fuel, coal, oil, peat and
gas, that was formed over millions of years
from the remains of dead plants and animals.
frequency The chance of finding a named
species with any one throw of a quadrat.

fruit A developed ovary.

G <&

gametes Haploid cells capable of

ganglion (plural: ganglia) A group of céll
bodies located outside the C

gene A section of DNA that containgthe
instructions for the fmn@a protein.
gene expression ay inWhich the

genetic informati
the cell and used to protein,

gene (or point) mutation A change in a single
gene.

&
genetic cod equence of bases in DNA
that provi instruction for a cell (using

RNA) to form a protein.
genet ineering The artificial
ma ion or alteration of genes,

etic screening Testing DNA for the
ce of absence of a particular gene or an
d gene.

genotype The genetic make-up of an
organism, i.e, the genes that are present.

ERCH. Gl S8 Gledia inad 171

genus A principal taxonomic category that
ranks above species and below family, and is
denoted by a capitalised Latin name.
geotropism (or gravitropism) The change in
growth of a plant in response to gravity.

germination The regrowth of the
embryo, after a period of dormancy, if
environmental conditions are suita

gestation The length of time spent in t
uterus from fertilisation to blrtm
glycalysis The conversion of ose into two

molecules of pyruvic acid

gonad An organ that pr
animals.

growth promoter# che
increased growth i :

growth reg uIWhEmical that controls
the growth of a pla

hlhi‘ﬁlﬂc& where a plant or an animal

li nd is also the local area of study).
id cell One that has one set of
chromosomes, i.e. it has only one of each type

uces gex cells in

al that causes

%hmmcsume in the nucleus.
rvesting The collection of a product to be

used or analysed,

herbaceous plants Do not contain wood {or
lignin).

herbivores Animals that feed mainly on
plants. Examples are sheep, cattle and rabbits,

heredity The passing on of features from
parents to offspring by means of genes.

heterotrophic (organism) One that takes in
food made by other organisms.

heterozygous The alleles are different.

homeostasis The ability of an organism to
maintain a constant internal environment,

homologous pair Two chromosomes of similar
size with the same sequence of genes.

hemozygous Two alleles that are identical.

hoermone A chemical messenger produced
by an endocrine gland and carried by the
bloodstream to another part of the body,
where it has a specific effect.

hydrotropism A change in growth of a plant
in response to water.

hypothesis An educated guess based on
observations.

humidity Atmospheric moisture,

&
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GLOSSARY

immobilised enzymes Are attached or fixed
to each other, or to an inert material.

immunisation Oceurs when we produce
or are injected with antibodies against a
pathogen.

immunity The ability to resist infection,

implantation The embedding of the fertilised
egg into the lining of the uterus.

intercourse The act of sexual union (i.e. the
placing of the penis in the vagina).
inbreeding The mating of closely related
animals that increases the chances of the
offspring being affected by undesirable
recessive traits.

infertility The inability to produce offspring.

inflorascence The fixed arrangement of
spikelets on the stem,

infrasound Sound waves with frequencies
below the lower limit of human audibility.

inhalation Breathing in.

insemination The release of semen into th

lactation The secretion of milk by the %

marmmary glands (breasts) of the ferale.
lactic acid The product formed du > 16,
anaerobic respiration in humans |
muscles to cramp).

larynx The voice box,

law or principle Arises @mm that has

been shown to be valid fully tested over
a long period of time.

law of independ 5 ent States that:
when gametes are for either of a pair of
alleles is equally to combine with either
of anather pair £s.

law of seg ion (Mendel's first law)

States that:
® Inhe haracteristics are controlled
by.pairsof alleles.

. % alleles segregate (or separate)
from each other at gamete formation,

@th only one member of the pair being
ound in each gamete,

characteristics: organised, requiring nutrition

inherited variations Are controlled by genQ life The possession of all the following

vagina, just outside the cervix.
interdependence Living things depend %
each other for survival.

interneuron (also called an intermedi
relay or association neuron) Carries

information between sensory a ar
neurons,

internode The region on a %ﬁﬂween two
nodes.

interphase The phase |
the cell is not dividing.

isolation The removal of the chromosome
{containing the t ne) from the human

cell and the mid DNA from the bacterium,

ell cycle when

J

&
]oir&e two or more bones meet.

ney stone A hard mass formed in the
kidneys, typically consisting of inscluble
calcium compounds.
kilocalorie A unit of energy of one thousand
calories (equal to one large calorie).

and excretion, capable of responding and
reproducing.

ligaments Strang, fibrous, slightly elastic
tissues that connect bone to bone.

ligation The joining of two sections of DNA to
form a single strand,

lignin A strengthening material found in some
plant cell walls.

linkage Genes are located on the same
chromosome,

lengitudinal wave A wave vibrating in the
direction of propagation.

M

magnification The degree to which
something is or can be magnified.

meiosis A form of nuclear division in which
the four daughter nuclei contain half the
chromosome number of the parent nucleus.
menopause When ovulation and
menstruation stop happening in a female.

menstrual cycle A series of events that occurs
every 28 days on average in the female if
fertilisation has not taken place.
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menstruation The discharge of the lining
of the uterus (the endometrium) and the
unfertilised egg.

metabolism The sum of all the chemical
reactions in an organism.

micro-organisms Small living things.
millivelts One thousandth of a valt.
mitochondrion A structure in a cell in which
raspiration takes place.

mitosis A form of nuclear division in which
one nucleus divides to form two nuclei, each
containing the same number of chromosomes
with identical genes.

maelars Larger teeth that are used for chewing,
crushing and grinding food.

monohybrid eross Involves the study of a
single characteristic.

morula A solid ball of cells formed from a
zygote by mitosis.

motor (or efferent) neuron Takes a message
from the CNS to a muscle or a gland.
mutagens Agents that cause mutations.

mutation A spontaneous (or sudden) change
in the amount or structure of DMA,

N

natural active immunity Occurs when a
pathogen enters the body in the normal way
{i.e. when you get an infection).

natural passive immunity Occurs when
child gets antibodies from its mot
natural selection The process hic
those organisms with genetic

characteristics that allow them t
adapted to their environméents will

rfive and

reproduce to pass on thelf g to following
generations.
natural vegetati ation Involves

farming new plants from a stem, root, leaf or
bud.

L

negative tro| Occurs when the growth is
away from ulus.
nephren Each of the functional units in the
i isting of a glomerulus and its
bule, through which the glomerular
s before emerging as urine.

n (or neurone) A nerve cell.

cation The conversion of ammonia and
ammaonium (NH,*) compaounds to nitrite and
then to nitrate,
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nitrogen fixation The conversion of nitrogen
gas into ammonia (MH,), ammonium (NH,*) or
nitrate (MO, 7).

node The point on a stem at which a leafis
attached.

GLOSSARY

g

&

non-renewable Sources of energy that ca%

be replaced once they are used.

nutrient recycling The way in whichq
elements (such as carbon and nitrogen) are

exchanged between the living a -living
companents of an ecosystem,

nutrition The way organ b and use
food.

0 [ ] :

observation Wmething is noticed.
omnivores Animals that feed on plants and
animals. are humans, badgers and

hedgehogs.

open ci
vessel

ry system Blood leaves blood
around the cells of the animal’s
re re-entering blood vessels again.
urm pH The pH value at which the
en wiorks best.

%m A structure composed of a number of

@

ues that work together to carry out one or
more functions.
organisation Living things are composed of
cells, tissues, organs and organ systems.
organism A living thing.
organ system A number of organs working
together to carry out one or more functions.
oscilloscope A device for viewing oscillations
by a display on the screen of a cathode ray
tube.
osmaosis The movement of water molecules
across a semi-permeable membrane from a
region of high water concentration to a region
of low water concentration,
ovary The female reproductive organs in
which eggs are produced.
ovulation The release of an egg from the ovary.
ozone depletion A reduction in the
concentration of czone in the ozone layer.

P

paralysis The loss of the ability to mowve (and
sometimes to feel anything) in part or most of
the body.
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parasites Organisms that take in food from a
live host and usually cause harm.

parasitism When two erganisms of different
species live in close association and one
organism (the parasite) obtains its food

from, and to the disadvantage of, the second
organism (the host),

passive immunity Occurs when individuals
are given antibodies that were formed by
another arganism.

passive transport The movement of
molecules or ions across a cellular membrane
without expenditure of chemical energy, as by
diffusion or osmosis,

pathogen An organism that causes disease.

pathegenic bacteria Bacteria that cause
disease.

pedigree A diagram showing the genetic
history of a group of related individuals.
percentage cover An estimate of the amount
of ground in a quadrat covered by each
species.

peristalsis A wave of muscular action in the
walls of the alimentary canal that moves th
contents along.

penis The structure in a male used to pa
sperm to a female and to excrete urine.

pesticide A chemical used to kill pests]
particularly insects or rodents.
perennial Living for several }ream plant).

pH A measure of the concentrat the
hydrogen ions in a solution,

pharynx The throat.
phenotype The physic
appearance, of an or

phloem The vascular tissue in plants which
conducts sugars er metabolic products

e-up, or

downwards the feaves.
phesphol ike substances in
which one of th@fatty acids is replaced by a

phosphate grgup or has a phosphate group
added fg.it.
ph The splitting of water by light.
phototropism The change in growth of a

t in response to light, usually from one

ion (i.e. unidirectional light).

pitch The quality of a sound governed by the
rate of vibrations producing it; the degree of
highness or lowness of a tone.
placenta The organ that connects the
developing baby to the lining of the womb.

plasma The liquid part of blood.
plasma B cells Produce antibodies.

plumule The part of the plant embryo
develops into the shoot, )

pollination The transfer of pollen
anther to a stigma of a flower from g
species.

pollutants Harmful additinr@
anvironment. &

pallution Any harmful addi to the
environment.

population All the of the same
species living in ap area.

portal system pathway that begins
and ends i capillarfes.

positive tropi ccurs when the growth is
towa n&ﬁc’imulu 5.
m%; e catching, killing and eating of
a anism.

An organism that catches, kills and

a other organism.
nancy The length of time the baby
spends developing in the uterus,
prey The organism that is eaten by a precator,

principle (or law) Arises from a theory that
has been shown to be valid when fully tested
over a long period of time,

producers Organisms that carry out
photosynthesis.

product The substance(s) formed by an
Enzyme.

progeny Offspring that are produced.
prokaryotic cells Do not have a nucleus or
membrane-enclosed organelles.

premolars Large rounded teeth used for
chewing, crushing and grinding food.
prosthetic An artificial body part, such as a
limb, a heart or breast implant.

protoplasm All the living parts of a cell.
puberty The beginning of sexual maturity.
pulse The alternate expansion and contraction
of the arteries,

pump A mechanical device using suction or
pressure to raise or move liguids.

punnett square A grid used to show the ratio
of the genotypes of the progeny in a genetic
Cross,

purines ([double-ring molecules) Adenine (A)
and Guanine (G).

&
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pyramid of numbers Represents the numbers  secondary sexual characteristics Those
of organisms at each trophic level (or stage) in features that distinguish males from females, *
a food chain. apart from the sex organs themselves.
pyrimidines (single-ring molecules) Thymine secretion Some substances pass from the *
{T) and Cytosine (C). bleod into the nephron,

selectively permeable membrane All:}WQ

some but not all molecules to pass th h.
Q self-pollination The transfer of po II@ an
quadrat A frame used to estimate the number anther to a stigma on the samegplant.
of plants in a habitat. semen A fluid containing sperm a minal

fluid.

sensory (or afferent) nm@ a message
R from a sense organ to the CNS.
radicle The part of the plant embryo that serum Plasma from whﬁ clotting
develops into a root. proteins have been rem :
reabsorption Molecules pass from the sex linkage A charam{ic is controlled by a
nephron back into the blood. gene on a sex chromosome,
recessive The allele is prevented from being sexual reproduction The union of two sex
expressed by a dominant allele. cells or gaim %
recombinant Relating to or denoting an sink A body offrocess which acts to absorb
organism, cell or genetic material formed by oF rem rgy or a particular component
recombination. from
reflex action An automatic, involuntary, energy Energy from the Sun.
unthinking response to a stimulus. A body or process through which
reflex arc The pathway taken by a nerve energy or a particular component enters a @
impulse in a reflex action, 21
reproduction The production of new %Iaﬂm The production of new species as a

individuals. % result of evolution,
renewable A source of energy that can be species A group of similar organisms that

reused. are capable of naturally interbreeding with
resonance The reinforcement of soupnd each other to produce fertile offspring.

by reflection from or by the sync hr% specific defence system Attacks particular
vibration of a neighbouring object. {or specific) pathogens.

response The activity of a & anismasa  sperm The male sex cell or gamete.
result of a stimulus. g

sporulation The process of making spores.

respiration The process i organisms STI A sexually transmitted disease.

Invahing s pOEUCRONFT 1oy, bypicaly stamens The male parts of the flower.

with the intake of n and the release of ; .
carbon dioxide. sterile All micro-organisms are destroyed, i.e.

there is nothing living.
stimulus (plural: stimuli) Anything that causes
a reaction in an organism or in any of its parts.

root tuber A swollen, underground root that
remains dormant duging winter and from

which new pl may grow.
substrate The substance with which an

enzyme reacts.
S symbiosis Occurs when two organisms of
different species live (and have to live) in close
association and at least one of them benefits,
ich problems are identified and their synapse A region where two neurons come

sted explanations are tested by carrying {riken BRhe cOniACE
out experiments. synaptic cleft The tiny gap between the two

neurons at a synapse.

scal measure used to ascertain size.
ientific method A process of investigation
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