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Ministerial foreword

The Department of Basic Education has pleasure in releasing the second
edition of Mind the Gap study guides for Grade 12 learners. These study
guides continue the innovative and committed attempt by the Department
of Basic Education to improve the academic performance of Grade 12
candidates in the National Senior Certificate (NSC) examination.

The study guides have been written by subject expert teams comprised of
teachers, examiners, moderators, subject advisors and subject co-ordinators.
Research started in 2012 shows that the Mind the Gap series has, without
doubt, had a positive impact in improving grades. It is my fervent wish that
the Mind the Gap study guides take us all closer towards ensuring that no
learner is left behind, especially as we move forward in our celebration of 20
years of democracy.

The second edition of Mind the Gap is aligned to the 2014 Curriculum and
Assessment Policy Statement (CAPS). This means that the writers have
considered the National Policy pertaining to the programme, promotion
requirements and protocol for assessment of the National Curriculum
Statement for Grade 12 in 2014.

The Mind the Gap CAPS study guides take their brief in part from the 2013
National Diagnostic report on learner performance and draws on the
2014 Grade 12 Examination Guidelines. Each of the Mind the Gap study
guides provides explanations of key terminology, simple explanations
and examples of the types of questions that learners can expect to be
asked in an exam. Marking memoranda are included to assist
learners in building their understanding. Learners are also referred to
specific questions in past national exam papers and examination memos
that are available on the Department’s website - www.education.gov.za.

The CAPS edition include Accounting, Economics, Geography, Life
Sciences, Mathematics, Mathematical Literacy and Physical Sciences.
The series is produced in both English and Afrikaans. There are also nine
English First Additional Language study guides. They include EFAL Paper
1 (Language); EFAL Paper 3 (Writing); and a study guide for each of the
Grade 12 prescribed literature set works.

The study guides have been designed to assist those learners who
have been underperforming due to a lack of exposure to the content
requirements of the curriculum and aims to mind-the-gap between failing
and passing, by bridging the gap in learners’ understanding of commonly
tested concepts so candidates can pass.

All that is now required is for our Grade 12 learners to put in the hours
preparing for the examinations. Learners make us proud - study hard. We
wish each and every one of you good luck for your Grade 12 examinations.

v,

i
- ';\s’:‘_'fk o .= Y ::s\ o j& (2 {
0 1

Matsie Angelina Motshekga, MP
Minister of Basic Education
May 2014
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We are
confident that this
Mind the Gap study
guide can help you to

prepare well so that you
pass the end -of-year

Dear Grade 12 learner

This Mind the Gap study guide helps you to prepare for the end-of-year
CAPS Life Sciences Grade 12 exam.

The study guide does NOT cover the entire CAPS curriculum, but it does
focus on core content of each knowledge area and points out where you
can earn easy marks.

You must work your way through this study guide to improve your
understanding, identify your areas of weakness and correct your own
mistakes.

To ensure a good pass, you should also cover the remaining sections of the
curriculum using other textbooks and your class notes.

Overview of the exam for
CAPS Life Sciences Grade 12

The following topics make up each of the TWO Life Sciences exam papers
that you write at the end of the year:

PAPER 1 WEIGHTING PAPER 2 WEIGHTING
Topic % MARKS Topic % MARKS
Term 1 Term 1
Meiosis 7 11 DNA: Code of Life 19 27
Reproduction in Vertebrates 4 6 Meiosis 7 12
Human Reproduction 21 31 Term 2
Term 2 Genetics and Inheritance 30 45
Responding to the Environment Terms 3/4
(Humans) 27 40 Evolution 44 66
Term 3
Human Endocrine System 10 15
Homeostasis in Humans 7 11
Responding to the Environment 7 11
(Plants)
Term 4
Human Impact (Grade 11) 17 25
100 150 100 150
Both Paper 1 and Paper 2 will include the following types of questions:
Section Type of question Marks
A Short answer, objective questions such as multiple-choice questions, terminology, 50
columns/statement and items
B A variety of question types.
There will be two questions of 40 marks each. Both of these questions will be divided 2 x40
into two to four subsections.
C Essay 20

© Department of Basic Education 2014
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Look out for
these icons in the
study guide. 4

How to use this study guide

This study guide covers selected parts of the different topics of the CAPS
Grade 12 Life Sciences curriculum in the order they are usually taught
during the year. The selected parts of each topic are presented in the
following way:

e An explanation of terms and concepts;

| ] e—, *  Worked examples to explain and demonstrate;
i et -,zj : 3. e Activities with questions for you to answer; and
[ : %{ '« Answers for you to use to check your own work.

Hints to help you

Pay special attention & remernber a f:oncept Worked examples
or guide you in

solving problems

Step-by-step Refers you to exam Actwﬁges with
) . . questions for you
instructions questions LN

S to answer

* Achecklist from the exam guidelines for Life Sciences has been
provided on page xvii for you to keep track of your progress. Once you
have mastered the core concepts and have confidence in your answers
to the questions provided, tick the last column of the checklist.

* The activities are based on exam-type questions. Cover the answers
provided and do each activity on your own. Then check your answers.
Reward yourself for the things you get right. If you get any incorrect
answers, make sure you understand where you went wrong before
moving on to the next section.

* In Chapter 12, you will find a section on graphing skills which you
must master when preparing for both Paper 1 and Paper 2. This
chapter also provides guidelines on how to answer essay-type
questions in the exam.

*  You will be asked to draw a labelled diagram in the exam. On page
115 to 132 are a set of blank diagrams that you can use to practise
your drawing and labelling skills. Filling in these blank diagrams is a
good way to test yourself and work out what you know well and what
you still need more practice in.

* Exemplar Exam papers are included in the study guide for you to

do. Check your answers by looking back at your notes and the exam

memoranda. Past exam papers go a long way in preparing you for

what to expect and help reduce exam anxiety.

Go to www.education.gov.za to download past exam papers.

Use this
study guide as a workbook.
Make notes, draw pictures
and highlight important
concepts.

© Department of Basic Education 2014
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Top 10 study tips

Try these
study tips to
make learning

1 Have all your materials ready before you begin studying -
easier.

pencils, pens, highlighters, paper, etc.

2_ Be positive. Make sure your brain holds on to the information
you are learning by reminding yourself how important it is to
remember the work and get the marks.

3_ Take a walk outside. A change of scenery will stimulate your
learning. You’ll be surprised at how much more you take in after
being outside in the fresh air.

4_ Break up your learning sections into manageable parts. Trying to
learn too much at one time will only result in a tired, unfocused
and anxious brain.

5. Keep your study sessions short but effective and reward yourself
with short, constructive breaks.

6_ Teach your concepts to anyone who will listen. It might feel
strange at first, but it is definitely worth reading your revision
notes aloud.

7 Your brain learns well with colours and pictures. Try to use them
whenever you can.

8_ Be confident with the learning areas you know well and focus
your brain energy on the sections that you find more difficult
to take in.

9_ Repetition is the key to retaining information you have to learn.
Keep going - don’t give up!

10 Sleeping at least 8 hours every night, eating properly and
drinking plenty of water are all important things you need to
do for your brain. Studying for exams is like strenuous exercise,
so0 you must be physically prepared.

If you can’t explain it simply, you don’t understand it well enough.

Albert Einstein

© Department of Basic Education 2014
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1. Fold an A4 paper into
8 squares. Cut or tear
neatly along the folded

lines.

-
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2. Write the basic concept
on one side of a bit of
paper.
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3. Write the definition of
the basic concept on
the back of the piece of
paper.

Study skills to boost your
learning

This guide includes 3 study techniques you can use to help you learn the
material:

1. Mobile notes

2. Mnemonics

3. Mind maps

Mobile notes

Mobile notes are excellent
tools for learning all the key
concepts in the study guide.
Mobile notes are easy to
make and you can take them
with you wherever you go:

1. Fold a blank piece of
paper in half. Fold it in
half again. Fold it again.

2. Open the paper. It will
now be divided into 8
parts.

3. Cutortear neatly along
the folded lines.

4. On one side of each of
these 8 bits of paper,
write the basic concept.

5. On the other side, write
the meaning or the
explanation of the basic
concept.

6. Use different colours
and add pictures to help
you remember.

7. Take these mobile notes
with you wherever you
go and look at them

whenever you can. ' /
8. Asyou learn, place the / .)

These
techniques will
help you to study
smarter!

cards in 3 different piles:

¢ | know this
information well.

* I'm getting there.

e | need more / |
practice. | \\,'/
9. The more you learn _:::b —N

them, the better you
will remember them.

x INTRODUCTION
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Mnemonics

A mnemonic code is a useful technique for learning information that is
difficult to remember.

Below are two examples of mnemonics.

Here is a made-up word to help you remember the structure of a sperm
cell - each letter of the word stands for a part of the cell:

M - Mitochondria
— Acrosome

A
N - Nucleus
T - Tall

Here is a sentence to help you remember the 4 nitrogenous bases in DNA
- each word in the sentence begins with the same letter as one of the
nitrogenous bases:

All Teachers  Get Chocolate
Adenine  Thymine  Guanine  Cytosine

Mnemonics code information and make it easier to remember.

The more creative you are and the more you link your ‘codes’ to familiar
things, the more helpful your mnemonics will be.

This guide provides ideas for using mnemonics. Be sure to make up your
own.

Education helps one cease being intimidated
by strange situations.

Maya Angelou

© Department of Basic Education 2014

There is
another example
of a mnemonic
on page 12.
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- have fun)

Figure 2: Mind map rules

Mind
mapping
your notes makes
them more interesting
and easier to
remember.

pic™

Mind maps

There are several mind maps included in this guide, summarising some of
the sections.

Have a look at the following pictures of a brain cell (neuron) and, below it,
a mind map:

Figure 1: Brain cell or neuron

?p?EP' Turmad 'aid-uwah.la. I'__'-

qiddie €3

MIND MAP

IDEAS RULES

&

Mind maps work because they show information that we have to learn in
the same way that our brains ‘see’ information.

As you study the mind maps in the guide, add pictures to each of the
branches to help you remember the content.

You can make your own mind maps as you finish each section.

How to make your own mind maps:

1. Turn your paper sideways so your brain has space to spread out in all
directions.

2. Decide on a name for your mind map that summarises the
information you are going to put on it.

3. Write the name in the middle and draw a circle, bubble or picture

around it.

Write only key words on your branches, not whole sentences. Keep it

short and simple.

Each branch should show a different idea. Use a different colour for

each idea. Connect the information that belongs together. This will

help build your understanding of the learning areas.

Have fun adding pictures wherever you can. It does not matter if you

can’t draw well.

xii INTRODUCTION
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On the day of the exam ...

1_ Make sure you have all the necessary stationery for your exam,
i.e. pens, pencils, eraser, protractor, compass, calculator (with
new batteries). Make sure you bring your ID document and
examination admission letter.

2. Arrive on time, at least one hour before the start of the exam.

3_ Go to the toilet before entering the exam room. You don’t
want to waste valuable time going to the toilet during
the exam.

4_ Use the 10 minutes reading time to read the instructions carefully.
This helps to ‘open’ the information in your brain. Start with the
question you think is the easiest to get the flow going.

5_ Break the questions down to make sure you understand what
is being asked. If you don’t answer the question properly you
won't get any marks for it. Look for the key words in the question
to know how to answer it. A list of these words is on page xiv of
this study guide.

6_ Try all the questions. Each question has some easy marks in it so
make sure that you do all the questions in the exam.

7. Never panic, even if the question seems difficult at first. It will be
linked with something you have covered. Find the connection.

8_ Manage your time properly. Don’t waste time on questions you
are unsure of. Move on and come back if time allows. You have
150 minutes (2%2 hours) to answer each of the 150-mark Life
Sciences question papers. Spend the following amounts of time
on each question:

¢ Question 1: 50 marks = 45 minutes
¢ Question 2: 40 marks = 35 minutes
¢ Question 3: 40 marks = 35 minutes
¢ Question 4: 20 marks = 15 minutes

The remaining 20 minutes can be used to check your answers and
attempt to answer any question that you might have left out.

9_ Check weighting - how many marks have been allocated for your
answer? Take note of the ticks in this study guide as examples
of marks allocated. Do not give more or less information than is
required.

10 Write big and bold and clearly. You will get more marks if the ~ ——7%

| | 1
marker can read your answer clearly. k"—ﬂ.\___

© Department of Basic Education 2014
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In every exam
question, put a CIRCLE
around the question word and
underline any other important
key words. These words tell
you exactly what is

Question words to help you
answer questions

It is important to look for the question words (the words that tell you what
to do) to correctly understand what the examiner is asking. Use the words
in the table below as a guide when answering questions.

Question word What is required of you
Analyse Separate, examine and interpret
Calculate This means a numerical answer is required - in general,

you should show your working, especially where two or more
steps are involved

Classify Group things based on common characteristics

Compare Point out or show both similarities and differences between
things, concepts or phenomena

Define Give a clear meaning

Describe State in words (using diagrams where appropriate) the main
points of a structure/process/phenomenon/investigation

Determine To calculate something, or to discover the answer by
examining evidence

Differentiate Use differences to qualify categories

Discuss Consider all information and reach a conclusion

Explain Make clear; interpret and spell out

Identify Name the essential characteristics

Label Identify on a diagram or drawing

List Write a list of items, with no additional detail

Mention Refer to relevant points

Name Give the name (proper noun) of something

State Write down information without discussion

Suggest Offer an explanation or a solution

Tabulate Draw a table and indicate the answers as direct pairs

@ Examples of question words

Questions

1. Figure 6.12 shows a longitudinal section through the human eye.
Study the diagram and answer the questions that follow.

a) (abeDparts 2, 3. 4 and 5 respectively. (4)
b) ®ameand @escrib®the process that causes part 1 to dilate
(become wider). (5)

2. Figure 6.13 is a longjtudinal section through the human eye. The
structures which enable the eye to focus on objects are missing
in this diagram. Study the diagram and answer the questions that
follow.

a longitudinal section through the missing parts of Figure
6.13 to indicate the appearance of these structures when you are...

a) reading a book. (6)
b) looking at an object more than 6 metres away. (6)
[21]

xiv INTRODUCTION
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Learner’s checklist

Use this checklist to monitor your progress when preparing forthe examination.
The ticks (V') tell you which aspects of the curriculum are covered in this

study guide. The stars (*) tell you to go to textbooks and class notes.

© Department of Basic Education 2014

TOPIC

ASPECT

Covered in
study guide

| do not
understand
understand

DNA: The code of life

Discovery of DNA structure

*

Nucleic acids terminology

Structure of DNA and RNA

Differences between DNA and RNA

DNA replication and the importance thereof

DNA profiling

Protein synthesis

Meiosis

The process of meiosis using diagrams

Significance of meiosis

Abnormal meiosis

Differences between meiosis | and meiosis Il

Reproduction in
vertebrates

Diversity in reproductive strategies

NSISNISISINIS SN NSNS

Human reproduction

Male reproductive system

Female reproductive system

Puberty

Menstrual cycle

Development of the foetus

Gestation

Role of placenta

Genetics and
inheritance

Genetic terminology

Complete dominance

Incomplete dominance

Co-dominance

Inheritance of sex

Sex-linked characteristics

Dihybrid crossing

Mutations

Pedigree diagrams

Genetic engineering

Genetic counselling

Paternity testing and DNA fingerprinting

Responding to the
environment: Humans

The brain

Neurons, reflex actions and reflex arcs
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Peripheral nervous system

Autonomic nervous system *
Brain disorders and injuries *
Effects of drugs on the central nervous system *
Structure and functions of parts of the eye v
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Responding to the
environment: Humans

Accommodation

Pupillary mechanism

Visual defects

Structure and functions of parts of the ear

Hearing

Balance

Hearing defects

Human endocrine
system

Glands and the hormones they secrete

Negative feedback - glucose

Negative feedback - thyroxin

Homeostasis in humans

Negative feedback - glucose

Negative feedback - carbon dioxide

Negative feedback - water

Negative feedback - salts

The role of the skin on hot and cold days

Responding to the
environment: Plants

Functions of auxins, gibberillins and abscisic acid

Role of auxins in phototropism and geotropism

Plant defence mechanisms is included

Evolution

Evidence for evolution

Sources of variation

Lamarck and Darwin’s theories

Natural and artificial selection

Punctuated equilibrium

Speciation

Mechanisms for reproductive isolation

Evolution in present times

Human evolution: similarities to African apes

Human evolution: differences from African apes

Major phases in hominid evolution

Out of Africa hypothesis

Phylogenetic trees

Human impact on the
environment

Atmosphere and climate change

Water availability

Water quality

Food security

Loss of biodiversity

Waste disposal

Skills

Draw a line graph

Draw a bar graph

Draw a histogram

Draw a pie chart

Answering essay questions
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Nucleic acids

1.1 The structure of DNA and
RNA
* Two kinds of nucleic acids are found in a cell, namely DNA and RNA.
* These two nucleic acids are made of building blocks (or monomers)

called nucleotides. o

e Figure 1.1 (right) shows what a nucleotide looks like.

(o>

Table 1.1 (below) shows the nitrogenous bases of DNA and RNA.

DNA has four different nitrogenous RNA has four different nitrogenous P - Phosphate group
bases - adenine, thymine, guanine bases - adenine, uracil, guanine and S - Deoxyribose or ribose
and cytosine. cytosine. sugar

N - Nitrogenous base
A > Adenine A > Adenine (adenine, thymine,

guanine, cytosine or

T g Thymine U g Uracil uracil)
Figure 1.1 A nucleotide

Adenine always pairs with thymine. RNA contains uracil instead of
thymine.

G ) Guanine G ) Guanine
C ( Cytosine C ( Cytosine

Guanine always pairs with cytosine.

Table 1.1 Nitrogenous bases of DNA and RNA

Figure 1.2 below shows the structure of DNA and RNA. Study the diagrams
COMPARE & CONTRAST

Nucleic acids

ALIKE/SIMILAR

Nitrogenous bases
present:
Adenine, cytosine, guanine

DIFFERENT

Nitrogenous base Nitrogenous base
present: Thymine present: Uracil
Contains sugar: Contains sugar:
Deoxyribose Ribose
Double-stranded Single-stranded
molecule molecule
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in Figure 1.2, and then read the information in the boxes below the
diagrams to find out how to tell a DNA molecule from an RNA molecule.

DNA (deoxyribonucleic acid) RNA (ribonucleic acid)

Phosphate group Phosphate group

Nitrogenous base

Deoxyribose

Ribose

Nitrogenous base

Weak hydrogen bonds

How to recognise a DNA molecule How to recognise an RNA molecule

* Double-stranded molecule * Single-stranded molecule

¢ Contains the nitrogenous base ¢ Contains the nitrogenous base
thymine (T) instead of uracil (U) uracil (U) instead of thymine (T)

* Aalways joins with T

* G always joins with C

Figure 1.2 The structure of DNA and RNA

1.2 Differences between DNA
and RNA

Table 1.2 below summarises the differences between DNA and RNA

molecules.
DNA RNA
1. Double-stranded molecule 1. Single-stranded molecule
2. Contains deoxyribose (sugar) 2. Contains ribose (sugar)
3. Contains the nitrogenous base, 3. Contains the nitrogenous base,
thymine uracil

Table 1.2 The differences between DNA and RNA

© Department of Basic Education 2014
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1.3 DNA replication

DNA replication takes place at interphase before mitosis or meiosis begins.
DNA replication is the process during which a DNA molecule makes an
exact copy (replica) of itself. This is shown in Figure 1.3 below.

The double helix
unwinds.

e Weak hydrogen
bonds between
. nitrogenous bases
1' Unwinds break and two
DNA strands unzip

(separate).
e Each original DNA
2_ Unzips strand serves as a
template on which its
Template complement is built.

3_ Template Free nucleotides
build a DNA strand
onto each of
the original two
DNA strands by
attaching to their

4_ Complementary complementary

strand forms nitrogenous bases
(AtoTand Cto Q).

e This results in
two identical DNA
molecules. Each
molecule consists of
one original strand
and one new strand.

5_ Two identical DNA molecules
Figure 1.3 DNA replication

Significance of DNA replication

DNA replication is important because it:

* Doubles the genetic material so it can be shared between the
resulting daughter cells during cell division.

* Results in the formation of identical daughter cells during mitosis.

1.4 DNA profiling

Every person except identical twins has her/his own unique DNA profile.
It can be described as an arrangement of black bars representing DNA
fragments of the person.

It is used to:

e |dentify criminals

¢ |dentify dead bodies
e |dentify relatives

e |dentify paternity

© Department of Basic Education 2014
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1. A DNA molecule contains 600 nitrogen bases. If 20% of this is adenine,
determine the number of each nitrogen base in the DNA molecule. (3)

2. Figure 1.4 (left) represents part of a nucleic acid molecule. Study the
diagram and answer the questions that follow.

2.1 Identify the nucleic acid shown in Figure 1.4. (1)
2.2 Label the following:
KEY a) Partil (1)
A - Adenine b) Part?2 (1)
C - Cytosine c) The nitrogenous bases 4, 5 and 6 (3)
Figure 1.4 Part of a nucleic 2.3 What is the collective name for the parts numbered 1, 2 and 3?(1)

acid molecule Questions 3.1 and 3.2 are based on Figure 1.5 (left). This is a

diagrammatic representation of a part of two different nucleic acid

3.
Q molecules found in the cells of organisms during a stage in the
process of protein synthesis.
, 3.1 Name the molecules 1 and 2. (2)
— = 3.2 Give a reason for your answer in question 3.1. (2)
|G—‘ :'-—] 4. The result of profiling various DNA samples in a criminal investigation
is shown below
U 1 2 3 4 5 Key:
1. blood sample of victim
2. blood sample of suspect X
3. blood sample of suspect Y
4. first sample of DNA from the crime
scene
5. second sample of DNA from crime
scene
T
| [ |
I I

4.1 Was suspect X or suspect Y involved in the crime? (1)
Molecule 1 Molecule 2 4.2 Does the DNA of the suspect (from answer 4.1) match the
Figure 1.5 Two nucleic acid first or second sample? (2)
molecules [17]
Answers to activity 1
1. 22%%; adenine = 20% thyminev/ 30% cytosinev” = 30% guanine/’
20 x 600 = 120A = 120T 13000 x 600 = 180C = 180G (3)
2.1 DNAV (1)
2.2 a) Phosphatev group (1)
b) Deoxyribosev sugar (1)
c) 4 - adenine (A)V 5 - guanine (G)/
6 - thymine/ (3)
2.3 Nucleotide/ (1)
3.1 1-DNA 2 - mRNA/RNAV (2)
3.2 DNA contains the nitrogenous base thymine (T).v
RNA contains the nitrogenous base uracil (U).v// (2)
4.1 Suspect X was involved. v/ (1)
4.2 The DNA of suspect X matches with the second sample. vv (2)
[17]
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1.5 Protein synthesis

Protein synthesis is the process by which proteins are made in each cell
of an organism to form enzymes, hormones and new structures for cells.

-
— \
~~

In the nucleus

Remember this order:

Order Example
DNA AGT
mRNA (codon)  UCA

tRNA AGU

A. TRANSCRIPTION

3 RNA e . In the cytoplasm
Im "
Codon
wm (triplet) Codon

Anticodon

5. tRNA 4%\

Figure 1.6 The process of protein synthesis

Ribosome

JU U

.|
C A C A

B. TRANSLATION

There are two main processes involved in protein synthesis, namely
transcription and translation. They are labelled as A and B in Figure 1.6
above.

MRNA
(messenger RNA) —
carries the
message.

Note that the numbers on the diagram correspond with the description below.

A Transcription (takes place in the nucleus)

.. DNA unwinds and splits.
2_ One DNA strand acts as a template for forming mRNA.

3. Free nucleotides arrange to form mRNA according to the DNA ,e’*l-.- l.' e ot
template. This process is called transcription. f‘t .! / l-.«-“::h [+

4.. The mRNA leaves the nucleus through the nuclear pores. Stage r'::ﬂ.{fh :_. ll.-" -"~..— =._ JI

B now takes place when mRNA in the cytoplasm attaches to the ;JL:*I ey ) =
ribosome. e e ﬁ;?:_ .
— ; §
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tRNA
(transfer RNA)
— transports the
amino acids

For two more problems on
protein synthesis refer to
these National Life Sciences

exam papers:

e Life Sciences Paper 1
March 2009 — Question 2.2
on page 9.

e |Life Sciences Paper 1
November 2010 — Question
1.50npage 7.

B

Translation (takes place in the cytoplasm on the ribosome)
5_ Each tRNA brings a specific amino acid to the mRNA.
This is called translation.
6_ The amino acids are linked together to form a particular protein.

The diagram shown in Figure 1.6 (on page 5) may appear in exam questions in different
ways. Do not let the different representations confuse you. Just try to identify the
following components by looking for the features listed here:

DNA — double-stranded; look for presence of thymine; found in nucleus only.
Nuclear membrane — has nuclear pores through which mRNA moves.

mRNA — single-stranded; look for presence of uracil; contains a triplet of bases
(codon) found in nucleus and cytoplasm.

Ribosome — usually mRNA attached to it.
tRNA — contains a triplet of bases (anticodon); look for attached amino acid.

¥ Activity 2
—

Question 1

Study Figure 1.7 (below), which shows the process of protein synthesis,
d answer the questions.

an

Figure 1.7 Protein synthesis

1.1 Label structures A, B and D. (3)
1.2 State ONE function of molecule D. (1)

6 CHAPTER 1 NUCLEIC ACIDS (PAPER 2)
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1.3 Which stage of protein synthesis takes place at F? (1)
1.4 Identify organelle C. (1)
1.5 Name and describe the stage of protein synthesis that takes
place at organelle C. (
1.6 Write down the codon of anticodon E from top to bottom. (
1.7 Name the type of bond (labelled G) between the amino acids. (1
1

H
~— — ~—

Answers to question 1
1.1 A - Nuclear membranev’

B - mRNAV

D - DNA/ (3)
1.2 Carrying hereditary characteristics from parents to their offspring v/

OR Controls the synthesis (manufacturing) of proteinsv’ (1)
1.3 Transcriptionv’ (1)
1.4 Ribosomev’ (1)

1.5 Translationv
e The mRNA strand from the nucleus becomes attachedv
to a ribosome with its codons exposed
e each tRNA molecule carrying a specific amino acidv/
* according to its anticodonv’
e matches up with/complements the codon of the mRNAV
e so that the amino acids are placed in the correct sequencev’
e adjacent amino acids are linkedv”

You don’t
have to know the

names of the amino
acids related to the

e toform a protein/ (7) base triplets.
1.6 CACV (the anticodon is GUG, so the complementary codon
is CAC) (1)
1.7 Peptide Bond (1)
[15]

Question 2

Table 1.3 below shows the DNA base triplets that code for different amino ___
acids. =7

Amino acid Base triplet in DNA template

Leu (leucine) GAA
His (histidine) GTA

Lys (lysine) TTT

Pro (proline) GGG
Ala (alanine) CGA
Trp (tryptophan) ACC
Phe (phenylalanine) AAA
Gly (glycine) CCT

Table 1.3 Different amino acids and their DNA base triplets
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The following is a part of a sequence of amino acids that forms a particular
protein molecule:

I
Ala His Trp Leu Lys

Remember this order: ] ]
Order Example 2.1 Name the process by which mRNA is formed from a DNA
DNA CGA template. (1)
mRNA (codon)  GCU 2.2 How many mRNA codons would be involved in forming the portion
tRNA CGA of protein shown above? (1)

/23 Write down the sequence of the first three mRNA codons

(from left to right) for this portion of the protein. (3)

Answers to question 2
2.1 Transcription/ (1)
225/ (1)
2.3 GCUV/ - CAUV - UGGV (3)

_I_I_

1
r[

Keep going!
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Melosis

2.1 What is meiosis?

Meiosis is a type of cell division whereby a diploid cell (somatic cell)
undergoes two cell divisions, and divides to form four dissimilar haploid —= Chromosome

cells (sex cells). Diploid cells have two sets of chromosomes, where each

chromosome has a homologous partner. Haploid cells only have one set Chromatid

of chromosomes. Chromosomes in haploid cells have no homologous

partners.

Before meiosis begins (during interphase), DNA replication takes place. The

Centromere

result is two sets of chromosomes consisting of two identical chromatids Homologous
joined together with a centromere. This is shown in Figure 2.1 (right). chromosomes

2.2 The process of meiosis

in animal cells

- one from the
mother and one
from the father

Figure 2.1 Homologous
chromosomes

Meiosis is the type of cell division used to
produce gametes or sex cells (sperm and egg
cells). A cell undergoing meiosis will divide twice
- the first division is meiosis | and the second
is meiosis Il.

In the first meiotic division, the number of cells
is doubled, but the number of chromosomes is
not. This results in half as many chromosomes
per cell.

In the second meiotic division, the number of
chromosomes does not get reduced.

The diagram alongside shows how meiosis
starts with a diploid cell and divides twice
(meiosis | and Il), resulting in four haploid cells.

Meiosis

Meiosis |

Meiosis Il

DNA replication and
recombination

Now turn the page to find out what happens during each stage of meiosis | and I,

© Department of Basic Education 2014
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2.2.1 First meiotic division

Spindle fibres

Homologous
chromosomes

Prophase 1

Chromosomes shorten and become visible as two
chromatids joined by a centromere.

Homologous pairs of chromosomes are now visible.
The nuclear membrane and nucleolus disappear.
The spindle starts to form.

Chromatids from each homologous pair touch.
The point where they touch is called a chiasma.

DNA is crossed over (swopped) at the chiasma.
The spindle continues to form.

Metaphase 1

The spindle extends across the whole cell.

The homologous chromosomes line up along the
equator of the spindle in their homologous pairs.

One chromosome of each pair lies on either side of the
equator.

The centromere of each chromosome attaches to the
spindle fibres.

Anaphase 1

The spindle fibres shorten and pull each chromosome
of each chromosome pair to opposite poles of the cell.

Figure 2.5 Telophase 1

Constriction

Telophase 1

The chromosomes reach the poles of the cell.

Each pole has half the number of chromosomes
present in the original cell.

The cell membrane constricts and divides the
cytoplasm in half to form two cells.

10 CHAPTER 2 MEIOSIS (PAPER 1 AND 2)
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2.2.2 Second meiotic division

Figure 2.6 Prophase 2

Prophase 2
* Each cell formed during meiosis | now divides again.
¢ Aspindle forms in each of the new cells.

Metaphase 2

¢ Individual chromosomes line up at the equator of
each cell, with the centromeres attached to the
spindle fibres.

Figure 2.8 Anaphase 2

Anaphase 2
* The spindle fibres start to contract.

* The centromeres split and daughter chromosomes/
chromatids are pulled to the opposite poles of
each cell.

-
nucleus

Figure 2.9 Telophase 2

Telophase 2

* The daughter chromosomes/chromatids reach the
poles and a new nucleus forms.

¢ The cell membrane of each cell constricts and the
cytoplasm divides into two cells.

* Four haploid daughter cells are formed.

* Each daughter cell has half the number of
chromosomes of the original cell.

* The daughter cells are genetically different from each
other.

© Department of Basic Education 2014
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An easy way to remember the events of meiosis is to use the word mnemonic IPMAT.

Letter Phase Event

| Interphase | for in between: The part of the life cycle of the
cell that is in between cell divisions.

P Prophase P for preparation: The chromosomes prepare
for meiosis by untangling and becoming clearly
visible. Crossing over also takes place.

M Metaphase M for middle: The chromosomes move to the
‘middle’ (equator).

A Anaphase A for apart: The chromosomes/chromatids
move apart/move to the poles.

T Telophase T for terminal: The final phase of meiosis I/
meiosis Il.

2.3 The significance of
meiosis

There are two reasons why meiosis is important.

1. It reduces the number of chromosomes by half, in other words from
diploid to haploid. This ensures that sex cells have half the number
of chromosomes of other somatic cells so that when fertilisation
occurs the zygote formed has the correct number of chromosomes.
It balances the doubling effect of fertilisation.

2. Crossing over introduces genetic variation. Genetic variation results
in offspring that are better adapted to a particular environment and

a) Non-disjunction in b) Non-disjunction in ensures that they will have a better chance of

meiosis | meiosis || survival.

2.4 Abnormal
meiosis
non d|SJunct|on .fll l\

F X e Sometimes mistakes occur during the

.-'/ ‘\' process of meiosis.
e This can happen in Anaphase 1 where
the homologous chromosomes may not
A

T

\w \J/ separate. Also called non-disjunction.

\\ 1"-. H * |tcan also happen in Anaphase 2 when there
Jf non- d|SJunct|on

"-. is non-disjunction of the sister chromatids.
¥ 4

1 If there is non-disjunction of chromosome
‘\ pair 21 in humans it leads to the formation
of an abnormal gamete with an extra copy of
\__,4"' 'L,_.- k_,,f-" M,_, J ,_,J"I chromosome 21.
XX X X e If there is fusion between a normal gamete
Figure 2.10 Non—d:s;unctlon meiosis Iand meiosis Il and an abnormal gamete (with extra copy of

XX : 2 chromosomes X : 1 chromosome O : no chromosome 21) it leads to Down Syndrome.
chromosomes

© Department of Basic Education 2014
12 CHAPTER 2 MEIOSIS (PAPER 1 AND 2) Mind the Gap CAPS Grade 12 Life Sciences



2.5 Differences between
meiosis | and meiosis |1

Meiosis
Il is similar
to mitosis.
Meiosis | Meiosis Il
The chromosomes arrange at the Chromosomes line up at the
equator of the cell in homologous pairs. | equator of the cell individually.
Whole chromosomes move to opposite Daughter chromosomes/chromatids /S

poles of the cell. move to opposite poles of the cell. E@/

Two cells form at the end of this division. | Four cells are formed at the end of

this division.
The chromosome number is halved The chromosome number remains
during meiosis . the same during meiosis II.
Crossing over takes place. Crossing over does not take place.

Table 2.1 The differences between meiosis | and meiosis Il

Worked example

Study the diagrams below of two stages of meiosis then answer the questions that

follow.
 EE— — ™,
- -
o= = A RS e
TR i
s 9 r
Diagram | Diagram Il

Figure 2.11 Two stages of meiosis

1. State ONE visible reason in Diagram | which indicates that meiosis is taking

place. (1)
2. How many chromosomes would be present in each daughter cell at the end
of meiosis in this cell? )
3. Describe what takes place in the cell after the phase shown in Diagram I. 3)
4. Tabulate TWO visible differences between the phases of meiosis shown in
Diagrams | and |. ()
[10]
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Answers to worked example

1. The chromosomes are lined up at the equator of the cell in their
homologous pairs.v’

OR
The chromosomes show evidence of crossing over.v/ (1)
2. Two v chromosomes. (1)

3. The next phase is Anaphase 1. The spindle fibres contract.//
(shorten) and pull each chromosomev” of each chromosome pair

to opposite polesv” of the cell. (3)
4, v
Diagram | (metaphase 1) Diagram Il (metaphase 2)
1. Chromosomes are lined up 1. Chromosomes are lined up
at the equator in homologous at the equator individually.v’
pairs.v’
2. Four chromosomes are 2. Two chromosomes are
present.v’ present.v/’
(5)
[10]

Q Activity 1

o

Question 1

Give the correct word or term for each of the statements or definitions
provided below.

1.1 | The structure that joins the two halves of a double-stranded

chromosome (1)
1.2 | A pair of chromosomes, one inherited from each parent, that have the

same genes at the same locus (1)
1.3 | Asingle-stranded chromosome formed during Anaphase 2 (1)
1.4 | The point of contact between two chromosomes of a homologous pair

during crossing over (1)
1.5 | One half of a double-stranded chromosome (1)
1.6 | The phase in meiosis where crossing over occurs (1)

(6]

Answers to question 1
1.1 Centromere/ (1)
1.2 Homologous chromosomesy (1)
1.3 Daughter chromosome/chromatidv/’ (1)
1.4 Chiasmav//chiasmatav/ (1)
1.5 Chromatid/ (1)
1.6 Prophase 1/ (1)
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Question 2

Figure 2.12 (right) represents a process taking place during meiosis. Study
the diagram and answer the questions that follow.
2.1 Provide labels for parts A, B, C and D. (4)
2.2 Name the process in meiosis that is illustrated in Figure 2.12. (1)
2.3 State ONE importance of the process you named in question 2.2. (2)
2.4 Draw a diagram of the structure labelled A to show its appearance
immediately after the process you named in question 2.2. (2)
[9]

Answers to question 2

2.1 A - Chromosomev’
B - Centromere/
C - Chromatidv”

D - Chiasmav//chiasmata (4)
2.2 Crossing overy/ (1)
2.3 It introduces geneticy/ variationy/ (2)

2.4 « A double-stranded chromosome with the
strands joined by a centromerev

* There is evidence of crossing over.v/ (2)

L. [9]

Question 3

Figure 2.13 (right) represents an animal cell in a phase of meiosis. Study
the diagram and answer the questions that follow.
3.1 State whether the phase of meiosis shown in Figure 2.13 is

meiosis | or meiosis . (1)
3.2 Give ONE visible reason for your answer in question 3.1. (1)
3.3 Identify the parts labelled A and B. (2)
3.4 How many chromosomes:

a) were present in the parent cell before meiosis began? (1)

b) will be present in each cell at the end of meiosis? (1)
3.5 State ONE place in a human female where meiosis would take

place. (1)
3.6 Could the cell represented in Figure 2.13 be that of a human? (1)
3.7 Explain your answer to question 3.6. (2)
3.8 Give TWO reasons why meiosis is biologically important. (2)

3.9 Give the term for the situation when some of the chromosomes
do not separate correctly during the phase shown in Figure 2.13. (1)
[13]

C
D ]
B
A
Figure 2.12 Diagram

representing a process
taking place during meiosis

Figure 2.13 Diagram
representing a phase of
meiosis
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Answers to question 3
3.1 Meiosis IV (1)
3.2 Daughter chromosomes/chromatids are being pulled to the

opposite polesy/ (1)
3.3 A - Spindle fibre/

B - Cell membranev/ (2)
3.4a) 8/

b) 4/ (2)
3.5 Ovariesv/ (1)
3.6 No/ (1)
3.7 There are only 4 chromosomes presenty/ instead of 23./ (2)
3.8 It introduces genetic variation.v’

It balances the doubling effect of fertilisation as it halves the

number of chromosomes in the sex cells.v’ (2)
3.9 Non-disjunctionv/’ (1)

. . . [13]

Question 4

The diagram below shows the nuclei of the four cells that resulted from
meiosis of chromosome pair 21 in a woman.

For four further problems on
meiosis refer to the following
National Life Sciences exam
papers:

M N 0 P
e Life Sciences Paper 1
February/March 2012:
Version 1 — Question 2.1
on page 9.
e Life Sciences Paper
1 November 2010 —

Question 2.1 on page 10.

¢ Life Sciences Paper 1 Chzﬂggizes
February/March 2010 —
Question 1.4 on page 6. Figure 2.14: Diagram that shows the nuclei of four cells resulted from meiosis
* Life Sciences Paper 4.1 Explain why nucleus N does NOT have a chromosome pair 21. (2)
étﬁz\;ﬁ)rmegzoonoga_e 7 4.2 Name and explain the disorder that will result if diagram M
' page /. represents an egg cell that fuses with a normal sperm cell. (3)
(5]
Answers to question 4
4.1 During Anaphase 1 the chromosome pair 21 does not separatev///
]J_ non-disjunction. Gamete M will have an extra copy of chromosome
.—[ number 21 and therefore gamete N does not have a copy of
chromosome 21v (2)
4.2 Down syndromev//Trisomy 21 if gamete M fuses with normal
sperm having 1 copy of chromosome 21 v/ the resulting zygote will
have 3 copies of chromosome 21V (3)
Keep going! [5]
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Reproduction
In vertebrates

Different groups in the animal kingdom have different strategies to
maximise reproductive success in different environments. These are a few
of the strategies used by vertebrates.

Strategy How it works? What is its advantage?

External The sperm fertilises the egg outside the body | Water prevents the eggs from drying out and

Fertilisation | of the female, usually in water. allows the sperm to swim towards the egg.

Internal The male deposits its sperm inside the Allows terrestrial animals to reproduce in a

Fertilisation reproductive organs of the female and dry environment without the need for water.
fertilisation occurs inside the female’s Internal fertilisation is more certain than external
reproductive organs. fertilisation.

Ovipary Eggs are laid and hatching takes place Egg provides nutrition for the developing embryo
outside the mother’s body. and protects the embryo. A shelled egg frees these

animals from the need to reproduce in water.

Vivipary The young develop inside the uterus of the More efficient development of the embryo as
mother after the eggs are fertilised internally. | nutrients are received for a longer period from

the mother’s blood through a placenta. Embryo is
protected in the body of the mother.

Ovovivipary | Young develop from eggs that are fertilised Embryos obtain their nutrients from the egg
internally and retained within the mother's yolk. The eggs are protected from predators until
body after fertilisation until they hatch. hatching occurs.

Amniote Egg | Embryo protected by the shell of the egg; egg | Amniote egg protects embryo from dehydration.
consists of many extraembryonic membranes | Yolk sac provides nutrition, Allantois for excretion,
that serve different functions. chorion for gas exchange.

Precocial Hatchlings are quite well-developed when Hatchlings are more prepared to handle the

Development | they hatch - eyes open, able to move, able to | challenges of the environment; More independent.
feed. Brain size and intelligence remains the
same throughout their lives.

Altricial Hatchlings are poorly-developed when they Parental care afforded to protect the young from

Development | hatch. Unable to feed on their own, cannot predators.
move. Brain size and intelligence increases a
lot after hatching.

Parental Parental care offered through building of Increases chances of survival of the young.

Care nests, protecting the eggs, protecting the
young, teaching the young.

a Activity 1
—

Questions

Indicate whether each of the statements in COLUMN | applies to A ONLY,
B ONLY, BOTH A and B or NONE of the items in COLUMN Il. Write A only, B
only, both A and B, or none next to the question number (1 to 5).
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COLUMN I COLUMN II
1. Oviparous A Eggs are produced

B Eggs are always incubated by the female

2. Ovoviviparous A Eggs incubated in nests
B Eggs incubated in the female’s body

3. Precocial A Small, helpless offspring born
B Intense parental care required

4. Viviparous A Gestation period required
B Live offspring born

5. Altricial A Intense parental care required
B Offspring can look after themselves

(5x2)
[10]

Answers to activity 1

1. Aonly (B is wrong, because some animals, like insects, simply lay
their eggs and do not incubate them. In some birds both the male
and female incubate the eggs)

2. Bonly (Ais wrong, because the eggs are not released from the
female’s body)

3. None (Precocial animals are born quite well-developed, they can

live independently from their parents and find their own food, so

parental care is not required)

Both Aand B

5. Aonly (B is wrong, because altricial animals are born small and
helpless. They cannot look after themselves or find their own food.
Their parents must look after them, protect them and feed them.)

(5x2)
[10)

P

~ Keep going!
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Reproduction

4.1 Male reproductive system

Figure 4.1 below shows the different parts of the male reproductive system

and their functions.

Seminal vesicle: A gland
that produces a nutrient-
rich fluid that that provides
energy for the sperm cells

Cowper’s gland: Produces
mucus that helps with the
movement of sperm cells

Scrotum: Skin sac that
protects the testes

and holds the testes
‘outside’ the body, at a
temperature thatis 2°C
below 37 °C. This is the
best temperature for the
production of sperm

Prostate gland: Produces an
alkaline fluid that neutralises the
acids produced in the vagina,
which would kill sperm cells

Sperm duct: Transports sperm
from the epididymis to the urethra

Urethra: Transports semen and
urine out of the body

Epididymis: Sperm cells mature
and are stored here

Testes: Produces sperm cells and
the hormone testosterone

Figure 4.1 Structure of the male reproductive system

Functions of testosterone

The testes produce the hormone testosterone, which has the following

functions:

1. Development of male secondary sexual characteristics, such as
beard, pubic hair, deep voice and a muscular body.
2. Stimulates the maturation of sperm cells.

Structure of a sperm cell

Figure 4.2 below shows the different parts of a sperm cell and their

functions.
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Middle section or —

Acrosome: Contains

enzymes to digest wall of
egg cell for fertilisation
Head —

il Nucleus: Contains
23 chromosomes

Mitochondria: Provide
energy for swimming

body

Tail: Used for swimming

Figure 4.2 Structure of a sperm cell

‘; Activity 1
e

Questions

1. Name the accessory glands of the male reproductive system and
give ONE function of each. (10)

2. Name the organ where testosterone is produced. (1)

3. Give TWO functions of testosterone. (2)

4. Name all the parts of the sperm cell that are responsible for
movement. State what the function of each part is. 4)

5. Explain the role of the nucleus of the sperm cell in fertilisation. (3)

[20]

Answers to activity 1
1.

Seminal vesiclev” produces a fluid that contains nutrientsy” for

the sperm cells, so that they have energy to swim.v/

Prostate glandv” produces an alkaline fluidv” that neutralises

acidsv/produced in the vagina, so that sperm cells are protected.v/

Cowper’s glandv” produces mucusv” that helps with the

movementy/of sperm cells. (10)

Testesv’ (1)

Testosterone is responsible for the development of male

secondary sexual characteristicsv” and it stimulates the

maturation of sperm cells.v/ (2)

Mitochondriav” provide energy for swimming.v/

Tailv” moves in a whip-like fashion to propel the sperm cell

forwards.v (4)

The nucleus contains 23 chromosomes (n)v/, and fuses

with the nucleus of an egg cell, which also contains 23

chromosomes (n)v/. The result is a zygote with

46 chromosomes (2n).v (3)
[20]
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4.

2 Female reproductive

system

Figure 4.3 below shows the different parts of the female reproductive
system and their functions.

Fallopian tube: Connects the
ovaries to the uterus, transports
egg cells from the ovary; it is
the site of fertilisation

Ovary: Produces egg cells,
secretes progesterone and
oestrogen

Uterus: Carries the
embryo and foetus during
pregnancy

Vagina: Receives the penis
and semen during sexual
intercourse; it is the passage
through which the baby is born

Figure 4.3 Structure of the female reproductive system

Q Activity 2
-

Questions
Provide the correct biological term for the following definitions.

Endometrium: Inner lining
of uterus; place where the
embryo implants and the
placenta forms

Cervix: Lower, narrow part
of uterus. It stretches to
allow the baby through
during childbirth

1. The inner lining of the uterus (1)
2. Tube that connects the ovaries to the uterus (1)
3. The structure that produces female hormones (1)
4. The part where development of the embryo/foetus normally
takes place in humans (1)
(4]
Answers to activity 2
1. Endometriumy/
2. Fallopian tubev’
3. Ovary/placentav
4. Uterusv
[4]

4,

Puberty is the period in humans in which they experience physical changes

3 Puberty

in their bodies in order to be capable of sexual reproduction.
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Puberty in males Puberty in females

Stimulated by testosterone Stimulated by oestrogen

Growth of male sex organs Growth of female sex organs

Start of the production of sperm cells Start of the menstrual cycle and production of ova
Growth of pubic hair, facial hair and body hair Growth of pubic hair

Development of muscles and deepening of voice Growth and development of breasts and widening of hips

4.4 Menstrual cycle

The series of diagrams in Figure 4.4 below shows the events occurring in
the ovary (ovarian cycle) and uterus (uterine cycle) during the menstrual
cycle. The days are not exact, but are averages.

Day 8-13

Ovaries: Mature Graafian follicle

develops: i . .

» The Graafian follicle moves to Ovaries: Graafian follicle
edge of the ovary bursts to release an egg

* It secretes oestrogen cell. The process is called
Uterus: Oestrogen stimulates the ovulation

endometrium to become thicker 4

and develop more blood vessels

and glands

Day 14

Day 15-22
Ovaries: The Graafian
follicle becomes a
corpus luteum that
secretes progesterone

Uterus: Progesterone
stimulates the
endometrium to
become even thicker
and to develop more
blood vessels and
glands, ready to receive
the embryo if an egg
cell is fertilised

Day 1-7
Ovaries: New
follicles develop
and secrete
oestrogen

Uterus: Lining
breaks down
and is released
(menstruation)

Day 23-28
Ovaries:
If fertilisation does not take place:

* The corpus luteum shrinks and stops secreting
progesterone

If fertilisation takes place:

* The corpus luteum remains active in the ovary
and continues to secrete progesterone

¢ No more follicles develop in the ovaries
* No menstruation takes place

Figure 4.4 The menstrual cycle
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4.5 Hormonal control of the
menstrual cycle

The graph in Figure 4.5 below shows changes in the ovary, uterus and in

the level of hormones during a 28-day menstrual cycle.

[ 1
A

Pituitary/
hypophysis
hormone levels

B
Growth of follicle

c

Ovarian hormone
levels

D Thickness of
uterine lining/
endometrium

Days

Figure 4.5 Hormonal regulation of the female reproductive cycle

The hormonal changes that take place at A, B, C and D in the graph in
Figure 4.5 above are explained in Table 4.1 below.

17 the pituitary

by day 14.

14 until ovulation takes

A B C D
Day Pituitary gland | Follicle is developing to become a | Oestrogen levels Thickness of
0-11 | produces Graafian follicle containing an egg | increase as the hormone | endometrium increases
FSH which cell. is produced by the from day 7 (after
stimulates follicle. menstruation has
development ended) as a result of
of the follicle. oestrogen.
Day FSH and LH Follicle development is completed | Oestrogen levels reach Endometrium thickens
11- (produced by | as a result of the influence of FSH | a maximum towards day | further.

Progesterone levels
decrease when corpus
luteum disintegrates and
stops functioning.

gland) levels | oyulation is stimulated by high place, but then start to
are highest levels of FSH and LH on day 14. decrease because the
around day LH then stimulates the Graafian_ follicle stops
14. development of the corpus luteum. functioning,
Day LH levels Corpus luteum produces Oestrogen levels Progesterone prepares
17- decrease and | progesterone. increase again and then | endometrium fully for
28 then remain Corpus luteum gradually decrease towards the pregnancy.
constantto | gisintegrates since fertilisation end of the cycle. Decreased
maintain does not take place. Progesterone levels progesterone levels
the corpus increase towards day 21. | from around day 21
luteum.

cause endometrium to
shed after day 28 by

menstruation since no
fertilisation took place.

Table 4.1 Hormonal changes during the menstrual cycle
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Growth of follicle

Ovarian
hormone levels

11\

Make sure you know how
to interpret the graph in
Figure 4.6 before you try to
answer the questions:

e All the information refers
to the ovary.

¢ The information is
presented in graph
form. The days of the
menstrual cycle are
indicated on the X-axis.

e The graph should be read
from left to right in the
same way that you read a
sentence.

e The graph illustrates
the concentrations
of two hormones,
namely oestrogen and
progesterone.

0

Q Activity 3
—

Study Figure 4.6 below and answer the questions that follow.

Hormonal regulation of the menstrual cycle

c&@CH T (A D

0 7 14

21 28

Figure 4.6 Hormonal changes during the menstrual cycle

Name the hormones A and B.

What event occurs on day 14?

o0 s wNhE

Explain your answer in question 5.

Give reasons for your answers in question 1.

Name the other two hormones involved in this cycle.
Did fertilisation occur during the cycle shown in Figure 4.67?

Answers to activity 3

Ovulationv
LHv and FSHv
Nov

L

1. A - Oestrogens/, B - Progesterone/ (2)
2. A: The Graafian follicle secretes oestrogenv'/Oestrogen reaches
its maximum level before ovulation./
B: The corpus luteum produces progesteronev'/Progesterone
reaches its maximum level after ovulation.v/

Progesterone levels decreasev” towards the end of the cycle.
The corpus luteum decreasesv’ in size. (2)

[10]

Here is a hint to help you to remember the names of the two hormones:
e 0 stands for Oestrogen and when it is high, Ovulation occurs.
e P stands for Progesterone and when it remains high, there is a

Pregnancy.
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4.6 Development of the
foetus

Figure 4.7 below shows the stages in the development of the foetus.

Fallopian tube

Embryo
Fertilisation
Sperm cell
Egg cell
Ovulation
Foetus
Chorion
Umbilical cord
Ovary Amnion
Placenta Amniotic fluid

Figure 4.7 Stages in the development of the foetus

Explanation of Figure 4.7

1. Inthe ovary a mature Graafian follicle bursts (usually on day 14 of
the menstrual cycle) and releases an egg cell. This process is called
ovulation.

2. Fertilisation takes place high up in the fallopian tube. The egg
cell (containing 23 chromosomes) and sperm cell (containing 23
chromosomes) fuse to form a zygote (containing 46 chromosomes).

3. The zygote divides by mitosis to form a morula, then a blastocyst, and
finally an embryo as it moves down the Fallopian tube.

4. It takes about 5 to 7 days for the embryo to reach the uterus.

5. Inthe uterus the embryo settles on the endometrium and sinks
into it, embedding itself in the endometrium. This process is called
implantation.

6. After implantation, the embryo produces many finger-like structures

called villi from the outer membrane of the embryo, which is known

as the chorion.

The villi grow into the tissue of the uterus to form a placenta.

The placenta is attached to the embryo by the umbilical cord. It

has 2 umbilical arteries (which carry deoxygenated blood from the

embryo towards the placenta) and 1 umbilical vein (which carries
oxygenated blood from the placenta to the embryo).

9. The embryo is enclosed in a fluid-filled sac called the amnion. The
fluid is called the amniotic fluid.

10. After about 8 weeks, the embryo develops structures such as limbs
and all the organs of the body. Now it is called a foetus.

11. Gestation is the period between fertilisation and the birth of the
baby. It usually lasts for a period of 9 months (39-40 weeks).

12. The stages involved in the natural birth process are:
* Dilation of the cervix (labour)
e Expulsion of the foetus.
* Delivery of the afterbirth (placenta) and extra-embryonic
membranes.

© ~N
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a Activity 4
=

Questions
1. On which day of the menstrual cycle does ovulation usually take
place? (1)
2. What happens to the Graafian follicle after ovulation? (1)
3. Name the TWO hormones that are released by structures in the
ovaries. (2)
4. Give THREE functions of the amniotic fluid. (3)
5. Give TWO substances that can move from the mother to the foetus
through the placenta. (2)
6. Give TWO substances that can move from the foetus to the mother
through the placenta. (2)
[11]
Answers to activity 4
1. Day 14V (1)
2. It changes into a corpus luteum.v (1)
3. Oestrogenv and progesterone.v/’ (2)
4. The amniotic fluid protects the foetus against shockv/,
drying outv” and temperature changes.v/ (3)
5. Oxygen/, nutrientss/ (amino acids, glucose, other sugars),
virusesv” and drugsv’ (2)
6. Carbon dioxidev/” and waste productsy” (urea). (2)
[11]

For more questions on the female reproductive system, refer to the following
National Life Sciences exam paper:

e Life Sciences Paper 1 November 2010 — Question 3.1 on page 12.

e Life Sciences Paper 1 March 2011: Version 1 — Question 3.1 on
page 11.

o

|J Keep going!
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Genetics

5.1 Key concepts

Make mobile notes (see instructions on page x) to learn these key concepts.

particular characteristic,
e.g. TTortt.

* Phenotype - tall

Term Explanation Diagram/Additional notes
Gene A small portion of DNA NuCl e 148
coding for a particular e uc eus r.s(l G
. ene
characteristic. ,éfl
ﬁ’r E
i i
|| I "-.-__
! . *’ J | kS
||| ?: / \
W
| !
e (i
CeII Chromosome DNA
Alleles Different forms of a Dominant allele (T) - tall plant
gene which occur at the Recessive allele (t) - short plant
same locus (position) on
homologous chromosomes.
- - Alleles
Genotype Genetic composition (make- )
up) of an organism. * Homozygous dominant (both
- alleles are dominant)
Phenotype The phys!cal appeargnce of « Genotype TT
an organism determined by
the genotype, e.g. tall, short. * Phenotype - tall
Dominant An allele that is expressed
allele (shown) in the phenotype
when found in the
heterozygous (Tt) and
homozygous (TT) condition. t t * Homozygous recessive (both
Recessive An allele that is masked (not alleles are recessive)
allele shown) in the phenotype * Genotype tt
when found in the * Phenotype - short
heterozygous (Tt) condition. |
It is only expressed in the
homozygous (tt) condition.
Heterozygous | Two different alleles for a
particular characteristic, T t ¢ Heterozygous (one dominant
e.g. Tt and one recessive allele)
Homozygous | Two identical alleles for a * Genotype Tt
LY
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Term Explanation Diagram/Additional notes
Monohybrid Only one characteristic or Example: Flower colour only, e.g. yellow flower or white flower
cross trait is being shown in the OR shape of seeds only, e.g. round seeds or wrinkled seeds.
genetic cross.
Complete A genetic cross where the In this type of cross the allele Tall (TT) x short (tt)
dominance dominant allele masks for tall (T) is dominant over the
(blocks) the expression of allele for short (t). The offspring
a recessive allele in the will therefore be tall because the
heterozygous condition. dominant allele (T) masks the
expression of the recessive allele Tall (Tt)
(®).
Incomplete A genetic cross between Example: If a red-flowered plant Red flower - White flower
dominance two phenotypically different | is crossed with a white-flowered

parents produces offspring
different from both parents
but with an intermediate
phenotype.

plant and there is incomplete
dominance - the offspring will
have pink flowers (intermediate

colour). Pink flowers

Co-dominance

A genetic cross in which both
alleles are expressed equally
in the phenotype.

Example: If a red-flowered plant Red flower x White flower
is crossed with a white-flowered
plant and there is co-dominance
the offspring has flowers with
red and white patches.

Flowers with red and

white patches

Multiple alleles

More than two alternative
forms of a gene at the same
locus.

Example: Blood groups are controlled by three alleles, namely |4,
IBandi.

Sex-linked
characteristics

Characteristics or traits
that are carried on the sex
chromosomes.

Examples: Haemophilia and colour-blindness

The alleles for haemophilia (or colour-blindness) are indicated
as superscripts on the sex chromosomes, e.g. X"X" (normal
female), X"X" (normal female), X"X" (female with haemophilia),
XY (normal male), X"Y (male with haemophilia).

Karyotype The number, shape and
arrangement of all the xx }l\x ;l;x m xx H m
chromosomes in the nucleus
of a somatic cell.

}m H n :l:I n H H H Chromosomes
K6 KR AKX KX 1!

Cloning Process by which genetically | Example: Dolly the sheep was cloned using a diploid cell from
identical organisms are one parent; therefore it had the identical genetic material of
formed using biotechnology. | that parent.

Genetic The manipulation of the Example: The insertion of human insulin gene in plasmid of

modification genetic material of an bacteria so that the bacteria produce human insulin.
organism to get desired
changes.

Human The mapping of the exact Example: Gene number 3 on chromosome number 4 is

genome position of all the genes in responsible for a particular characteristic.

all the chromosomes of a
human.
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Q Activity 1
S

Choose an item from COLUMN 2 that matches a description in COLUMN 1.
Write only the letter (A to I) next to the question number (1-5), for example 6. J.

COLUMN 1 COLUMN 2
1. The allele that is not expressed in the phenotype when | A. Gene
found in the heterozygous condition B. Recessive
2. Different forms of a gene which occur at the same C. Haemophilia
locus on homologous chromosomes .
D. Dominant
3. Asex-linked condition where blood fails to clot
E. Homologous
properly E Genot
4. The pair of chromosomes in a diploid organism that ’ enotype
have the same size and shape and control the same | G- Phenotype
set of characteristics H. Alleles
5. The physical and functional expression of a gene I.  Karyotype
[5]
Answers to activity 1
1.B/ 2.H/ 3.C/ 4.E/ 5.GV (5x1)
[5]

By following
this format you will
already have earned 2
marks, namely for stating
P, and F,, and meiosis
and fertilisation.

5.2 Genetic crosses

Use the following genetic problem format or template to solve all
monohybrid genetic problems:

P, Phenotype xy
Genotype xy
Meiosis Gametes } ‘:.-’.'.'?
V| / |Gametes x / i e _ff““"«ﬁ
'{ Ii. S I
Fertilisation OR AL e
F, Genot v R &
— enotype ] y .
1 yp 1 mark for correct gametes ;= i .
Phenotype v 1 mark for correct genotypes ~ } =~ = ) |
f o |
[6] M.':x

1. The problem on the next page shows that a cross between a heterozygous parent (Tt) and a homozygous recessive (i)
parent produces F, offspring that are 50% heterozygous (Tt) and 50% homozygous recessive (tf).

2. Across between a homozygous dominant (TT) parent and a homozygous recessive (tt) parent produces F, offspring that
are 100% heterozygous (T1).

3. Across between a homozygous dominant (TT) and a heterozygous (Tt) parent produces F, offspring that are 50%
homozygous dominant (TT) and 50% heterozygous (Tt).

4. A cross between two heterozygous (Tt) parents produces F, offspring that are 25% homozygous dominant (TT), 50%
heterozygous (Tt) and 25% homozygous recessive (tt).
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5.2.1 Complete dominance

This refers to a genetic cross where the dominant allele masks (blocks) the
expression of a recessive allele in the heterozygous condition.

The following problem represents a genetic cross which shows complete
dominance:

@ Genetic problem 1

In humans the ability to roll the tongue is due to a dominant allele. A man who is
heterozygous for tongue-rolling and a woman who cannot roll her tongue have children.
Use the symbols T and t for the alleles of the tongue-rolling characteristic and represent
a genetic cross to determine the possible genotypes and phenotypes of the children. (6)

Read the problem carefully and note the following steps:

* |dentify the phenotypes of the man and the woman
(parents/P,), i.e. the man is a tongue-roller and the
woman is a non-tongue-roller. ......ccccceeveeeccvneeennnn. Step 1

* |dentify the genotypes of the two parents, i.e. the man is

heterozygous (Tt) and the woman can only be a non-tongue-roller
if she is homozygous recessive for this characteristic, i.e. she
must have the genotype (Tt) c.eeeereeeccveeeee e Step 2

* The next step is to show how the alleles are separated through
the process of meiosis into separate gametes, i.e. in the man the
gametes (sperm) will contain either the ‘T’ allele or the ‘t’ allele.

In the woman the egg can only contain the ‘t’ allele................. Step 3

* The next step shows that fertilisation takes place. Indicate all

possible combinations of how sperm cells fuse with a possible
egg cell to show the possible genotypes of the F, generation that

LoTo 1V Lo =T g [T Step 4
* Interpret the phenotypes of all the possible genotypes from the
Lo (011 T PR Step 5

Solution to genetic problem 1

— P, Phenotype Tongue-roller x Non-tongue-roller/......Step 1
Genotype Tt X L1 €V Step 2

Meiosis M ‘
v v/ | Gametes Tandt x tV e Step 3
Fertilisation V<] ................. Step 4
—F,  Genotype Tt L1 ARV Step 4

Phenotype Tongue-roller Non-tongue-rollerv/ ....... Step 5
(Max 6 marks)
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5.2.2 Incomplete dominance

This refers to a genetic cross between two phenotypically different parents
producing an offspring different from both parents but with an intermediate
phenotype. The following problem represents a genetic cross that shows
incomplete dominance.

The solution
for incomplete dominance
and co-dominance is
exactly the same except
for the interpretation of
the phenotype of the F,
generation (step 5).

@ Genetic problem 2

A homozygous snapdragon plant with red flowers (R) was cross-pollinated with a
homozygous snapdragon plant with white (W) flowers. All the plants that grew from the
cross had pink flowers. Represent a genetic cross to show the possible genotypes and
phenotypes of the F, generation of plants.

Solution to genetic problem 2

— P, Phenotype Red x  Whitev .ccooeeeeeereennee. Step 1
Genotype RR x  WWV e, Step 2

Meiosis
|/ Gametes R X WV e, Step 3
Fertilisation e Step 4
— F, Genotype RWV e Step 4
Phenotype 4T 0] Step 5

5.2.3 Co-dominance

This refers to a genetic cross in which both alleles are equally expressed
in the phenotype.

The following problem represents a genetic cross which shows co-dominance.

@ Genetic problem 3

A plant with white flowers was cross-pollinated with a plant with red flowers. All the
plants that grew from the cross had flowers with equal distribution of red and white
colour. Represent a genetic cross to show the possible genotypes and phenotypes of
the F, generation of plants.

Solution to genetic problem 3

— P,  Phenotype Red x  Whitev .ccoveveeerceenns Step 1
Genotype RR x  WWV e, Step 2
Meiosis
|/ Gametes R X WV o Step 3
Fertilisation e Step 4
L_F, Genotype RWV' e, Step 4
Phenotype Flower with equal distribution

of red and white colourv ....... Step 5
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5.2.4 Inheritance of sex

The following problem represents a genetic cross which shows inheritance
of sex.

@ Genetic problem 4

A couple has three sons and the woman is pregnant again. Show diagrammatically
by means of a genetic cross what the percentage chance is of the couple having a baby

girl.

Solution to genetic problem 4

— P, Phenotype Male X Femalev ....cccocccvennnne. Step 1
Genotype XY X XXV e Step 2

Meiosis
/| V| Gametes XandY x ) Y Step 3
Fertilisation e Step 4
—F, Genotype XX, XYV oteeeeveeeveceee e Step 4
Phenotype Female, Malev ....cceoevecenennnn. Step 5

50% chancev

5.2.5 Inheritance of sex-linked
characteristics

Sex-linked characteristics are characteristics (traits) that are carried on
the sex chromosomes.

The following problem represents a genetic cross which shows the
inheritance of sex-linked characteristics.

@ Genetic problem 5

Haemophilia is a sex-linked hereditary disease that occurs as a result of a recessive
allele on the X-chromosome (X"). A normal father and heterozygous normal mother
have children. Represent a genetic cross to determine the possible genotypes and
phenotypes of their children.

The alleles for haemophilia are indicated as superscripts on the sex chromosomes,
e.g. X"X" (normal female), X"X" (carrier/heterozygous normal female), X"X" (female with
haemophilia), XY (normal male), X"Y (male with haemophilia).
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Solution to genetic problem 5

—P, Phenotype normal father x heterozygous/carrier ......... Step 1
normal motherv
Genotype XAy X XXy Step 2
Meiosis

v[ /| Gametes XtandY x XtandXVv ... Step 3

L Fertilisation e Step 4

F, Genotype X" X", X"X" Xy, XY/ ...... Step 4
Phenotype 2 normal 1 normal 1 son with

daughters son haemophiliav/ Step 5

Q Activity 2
—

Question 1

Try solving this problem on your own before you look at the solution.

The cross
between a mouse with
black fur and a mouse with
brown fur resulted in offspring
having black fur. This shows
that the allele for black fur (B)
is dominant over the allele
for brown fur (b).

Fur colour in mice is controlled by a gene with two alleles. A homozygous
mouse with black fur was crossed with a homozygous mouse with brown
fur. All offspring had black fur. Using the symbols B and b to represent the
two alleles for fur colour, show diagrammatically a genetic cross between
a mouse that is heterozygous for fur colour and a mouse with brown fur.
Show the possible genotypes and phenotypes of the offspring. (6)

Question 2

In rabbits the dominant allele (B) produces black fur and the recessive
allele (b) produces white fur. Use a genetic cross to show the possible
phenotypes and genotypes of the F, generation for fur colour if two
heterozygous rabbits are crossed. (6)

For two further problems on genetic crosses, refer to the following National Life
Sciences exam papers:

e Life Sciences Paper 1 November 2010 — Question 2.2 on page 11.
e Life Sciences Paper 1 November 2011 Version 1 — Question 2.1 on page 8.
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Answers to activity 2
Question 1
— P, Phenotype Black x Brownv
Genotype Bb x bbv
Meiosis
v Gametes Bandb x bv
Fertilisation
— F,  Genotype Bb and bbv
Phenotype Black and brownv
(Max 6)
Question 2
— P, Phenotype Black x Black v/
Genotype Bb x Bbv/
v Meiosis
v/ | Gametes B,b x B, b/
Fertilisation
—F,  Genotype BB ; Bb; Bb ; bbv/
Phenotype Black; Whitev/
any (6)
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5 2.6 Dihybrid cross

A dihybrid cross involves the inheritance of two characteristics.
Mendel explained the results obtained from dihybrid crosses
according to his Law of Independent Assortment.

* According to the Law of Independent Assortment, alleles of a gene
for one characteristic segregate independently of the alleles of a
gene for another characteristic. The alleles for the two genes will
therefore come together randomly during gamete formation.

¢ This means that the two characteristics are transmitted to the
offspring independently of one another.

e The above law only applies if the genes for the two characteristics
are not on the same chromosome.

Steps you should follow in working out a dihybrid cross:

@ Example

In pea plants, the allele for tallness (T) is dominant and the allele for shortness (1) is recessive. The allele for purple flowers is
dominant (P) and the allele for white flowers is recessive (p). Two plants, heterozygous for both tallness and purple flowers,
were crossed.

STEP What to do generally What to do in this problem

Step 1 | Identify the phenotypes of the two plants for According to the statement of the problem, both
each of the two characteristics. parents are tall and have purple flowers.

Step 2 | Choose letters to represent the alleles for the | Use the letters, e.g. T for tall, t for short, P

gene responsible for each characteristic. for purple, and p for white as provided in the
question.
Step 3 | Write the genotypes of each parent. According to the statement of the problem, both

parents are heterozygous for each characteristic.
Their genotype will therefore be TtPp.

Step 4 | * Determine the possible gametes that each e Each parent has the genotype TtPp.

parent can produce. * |f we represent the alleles for each gene in

* Remember that each parent will have two
alleles for each gene.

* The gametes of each parent will have
only one allele for each gene because of
segregation during meiosis.

* Remember that because of the principle of Alleles T t
independent assortment an allele for one
gene could appear in the same gamete with P TP tP
any of the alleles for the other gene.
p Tp tp

the following format, then we can see how
these alleles could come together randomly
(principle of independent assortment) to form
the four types of gametes: TP; Tp; tP and tp as
shown below.

Step 5

Enter the possible gametes at the top and side
of a Punnett square.

Please refer to the solution that follows.
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Step 6

* Because of random fertilisation, gametes
from both parents could fuse in different
combinations to form the offspring.

¢ |In the punnet square, write down the
genotypes of the offspring that will result
from each possible combination of gametes.

Please refer to the solution that follows.

Step 7

Determine the phenotypes of the offspring from
the genotypes obtained in the punnet square.

Please refer to the solution that follows.

Solution to the problem

P, Phenotype Tall, Purple x Tall, Purple ....ccccvveeceenrrnnen. Step 1
Genotype TtPp X TPP e, Step 2,3
Meiosis and Fertilisation
gametes TP Tp tP tp N
TP TTPP TTPp TtPP TtPp
Tp TTPp TTpp TtPp Ttpp — Steps 4-6
tP TtPP TtPp ttPP ttPp
tp TtPp Ttpp ttPp ttpp
F, Genotype 9 different genotypes, as in the table above
Phenotype 9 tall, purple flowered plants (T-P-);

Q Activity 3
—

Question

In hamsters, the allele for
(B) is
dominant over the allele for
white coat colour (b). The
allele for rough coat (R) is
dominant over the allele for smooth

coat (r). If you cross a hamster that is
heterozygous black and homozygous
rough, with one that is heterozygous

black coat colour

3 short, purple flowered plants (ttP-);
3 tall, white flowered plants (T-pp), and
1 short, white flowered plant (ttpp)......... Step 7

s

black and heterozygous rough, what will be the
phenotypes and genotypes of the offspring? (Use the steps 1-7 to arrive

at an answer).
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Answer to activity 3
P Phenotype Black, Rough coat x Black, Rough coat...Step 1

1
Genotype BbRR x BbRr................. Step 2,3

Meiosis and Fertilisation

gametes BR BR bR bR N
BR BBRR BBRR BbRR BbRR
Br BBRr BBRr BbRr BbRr — Steps 4-6
bR BbRR BbRR bbRR bbRR
br BbRr BbRr bbRr bbRr
F, Genotype 6 different genotypes, as in the
table above

Phenotype 12 with a black, rough coat and 4
with a white, rough coat ........ccccevveveeninnnen. Step 7

5.3 Mutations

A mutation is any sudden unexpected change in the genetic structure of a
cell. Mutations occur suddenly and randomly and may be caused by many
environmental agents such as X-rays and certain chemicals.

Mutations may be harmful or harmless to the organism in which they
occur. Harmful mutations cause changes in DNA that can cause errors
in protein sequencing, that can result in partially or completely non-
functional proteins. Harmless mutations have no effect on the structure
or functioning of the organism. Useful mutations can be advantageous to
the organism and they are passed on from parent to offspring.

Gene mutations are mutations that affect a single or a few base pairs in
just a single gene, while Chromosomal aberrations refer to changes in the
normal structure or number of chromosomes.

Mutations result in new genotypes as we move from one generation to the
next. This leads to variation within a species.

Gene mutations can cause genetic disorders:

* Haemophilia: Absence of the protein needed for the formation of
blood clots due to a mutant gene.

e Colour blindness: Absence of the proteins that make up either the
red or green cones/photoreceptors in the eye.

e Albinism: Absence of the protein that forms the pigment melanin.

Chromosomal aberrations e.g. Down syndrome is where there is an extra
chromosome (47 instead of 46) in the zygote.
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5.4 Pedigree diagrams

A pedigree diagram is used to study the inheritance of characteristics in
a family over a number of generations. A pedigree diagram is also called
a family tree.

Step 2
Step 3

Step 4
Step 5

Step 6

Remember the following steps when interpreting pedigree diagrams:

Step 1 Study any key and opening statement/s and look for dominant and recessive characteristics
and phenotypes.

Write in the phenotypes of all the individuals as given in the problem.

Fill in the genotype of all the individuals with the recessive condition — it must have two recessive alleles (two lower
case letters, e.g. ff).

For every individual in the diagram that has the recessive condition, it means that each allele was obtained from
each of the parents. Work backwards and fill in one recessive allele for each parent.

If the parents showed the dominant characteristic, fill in the second letter which represents the dominant allele
(a capital letter, e.g. F).

Any other individual showing the dominant characteristic will most likely be homozygous dominant (FF) or
heterozygous dominant (Ff).

Q Activity 4
=

The pedigree diagram in Figure 5.1 shows inheritance of eye colour
in humans over three generations of a family. Brown eye colour (B) is
dominant over blue eye colour (b). Study the diagram and then answer the

questions that follow.

Joshua Ronel
Sarah Peter Veronica
Marlena Frank Jack John Gayle

Male with blue eyes Female with blue eyes

Male with brown eyes Female with brown eyes

O
O

Figure 5.1 Pedigree diagram showing inheritance of eye colour
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Note the following in the pedigree diagram on page 38:

e Squares represent males and circles represent females.

¢ The horizontal line between a square (Joshua) and a circle (Ronel)
shows that they have mated.

* The vertical line flowing from the horizontal line represents the
offspring (Sarah and Peter) of the two parents (Joshua and Ronel).

* Brown eye colour (B) is dominant over blue eye colour (b) -
stated iN ProbIEM. ... Step 1

e Joshua, Jack and John are males with blue eyes.

¢ Veronica and Marlena are females with blue eyes.

e Peter and Frank are males with brown eyes. Step 2

* Ronel, Sarah and Gayle are females with brown eyes.

e Joshua, Veronica, Marlena, Jack and John will have the genotype
‘bb’. The recessive characteristic only shows up in the homozygous
Yo 8L L1404 PSRN Step 3

* Example: The genotype of Peter is ‘Bb’ - working backwards from the
offspring Marlena or Jack or John who are homozygous recessive.
This means that one of the recessive alleles of Marlena, Jack and
John, i.e. ‘b’, must have come from parent Peter and the other one

Working
out the following
questions will be easy
if you have followed
the steps explained

frOM PAreNt VEIONICA ..cucecvereececeeeeesesssssseesessssssesnsnans Steps 4 and 5§ on page 38.
* Ronel could be homozygous dominant (BB) or heterozygous
AOMINANT (BD) weereeeeeereeeeeeeseeseeseseeseeseseeseesesseseesesseseesesseseeneeseseenes Step 6
Questions
1. How many members of the family have blue eyes? (1)
2. Is Veronica homozygous or heterozygous for eye colour? (1)
3. Write down the genotype of:
a) Joshua (2)
b) Ronel (2)
c) Frank (2)

4. If Frank marries a woman with the same genetic composition
as Sarah, what is the percentage probability of them having a

child with brown eyes? (1)
[9]
Answers to activity 4 HENR
1 5/ 1) For two more
problems on
2. Homozygous/ (1) pedigree diagrams refer to
3. a) bb/V/ (2) these National Life Sciences
b) BB/BbvV (2) exam papers:
c) Bbv/ v (2) e Life Sciences Paper 1 March
4. 75%/ (1) 2010 — Question 1.5 0n
[9] page 7.
e Life Sciences Paper 1
March 2012 Version 1 —
Question 2.4 on page 11.
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5.5 Genetic engineering

Genetic engineering is the process whereby the genes on the DNA are
changed, transferred or manipulated to produce a different organism.

Q Activity 5
S

Question

State FOUR disadvantages and FOUR advantages of genetic engineering.
(8]

Answer to activity 5

Four disadvantages of genetic engineering:

* Expensive///research money could be used for other needs

* Interfering with naturev//immoral

¢ Potential health impactsv’

¢ Unsure of long-term effectsv (4)

Four advantages of genetic engineering:

e Production of medication/resources cheaplys/

¢ Control pests with specific genes inserted into a cropv”

¢ Using specific genes to increase crop yieldsv//food security

¢ Selecting genes to increase shelf-life of plant productsv/ (4)
[8]

5.6 Genetic counselling

Couples with a risk of a genetic disease can undergo genetic counselling
to enable them to make informed decisions on whether they want to have
children or not.

a Activity 6
=

Question

A young couple wants to have a child, but they are aware of a serious
genetic disorder in one of their families that could be carried through to their
offspring. State THREE benefits of genetic counselling in this case. [3]

Answer to activity 6

Three benefits of genetic counselling:
* To be given advice on the risk of transferring the defective genev/'/
to find the probability of passing on the defective gene to the

offspring
¢ To be given an explanation of the procedure involved in DNA
testing/’
Keep gOl'l'\g.’ e To be given an explanation of the results of DNA testings [3]
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Responding to the
environment -

humans

The human nervous system

The nervous system is responsible for processing and transmitting

information throughout the body:

The central nervous system consists of the brain and the spinal cord.

6.1 The brain

6.1.1 Structure and functions

of the brain

Figure 6.1 below shows the different parts of the brain and their functions.

A. Cerebrum
* Controls voluntary
actions

* Receives and interprets
sensations from sense
organs

* Higher thought processes

Pituitary gland

C. Medulla oblongata

between the spinal cord
and the brain

¢ Controls involuntary

and breathing

* Transmits nerve impulses

actions such as heartbeat

It tells the body how to react to stimuli (changes in the environment
to which the body responds). For example, it regulates body
temperature on a hot or cold day. It is also responsible for the reflex
action, for example, when you step on a pin or touch a hot surface.
The nervous system also coordinates the various activities of the
body, such as walking, hearing, seeing, and so on.

Figure 6.1 The structure and functions of the brain

E. Corpus callosum

Connects the left and
right hemispheres of
the brain - allowing
communication between
both hemispheres

D. Hypothalamus

Control centre for hunger,
thirst, sleep, body
temperature and emotions

B. Cerebellum
e Coordinates all
voluntary movements

¢ Controls muscle
tension to maintain
balance
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Q Activity 1
e

Questions

Write down the name of the part which:

1. Controls heartbeat (1)

2. Contains the centres that control balance, muscle tone and
equilibrium

3. Has centres that interpret what you see

4. Coordinates voluntary muscle movements

5. Controls body temperature

EEEE

(5]

Answers to activity 1
1. Medulla oblongatav/ (1)
2. Cerebellumv (1)
3. Cerebrumv (1)
4. Cerebellumv/ (1)
5. Hypothalamusv/ (1)

[5]

6.2 Neurons

Neurons are specialised cells which connect the brain and spinal cord to
all other parts of the body.

4 - ~ Cell body
About mind i Dendrite: Transmits impulses towards
maps: the cell body of the neuron

Look at the
information about mind maps
on page Xxii. Information
represented in a mind
map resembles the way
information is stored in

Nucleus

Axon: Transmits impulses away from
the cell body of the neuron

our brains. A mind map is Myelin sheath
an excellent technique for
studying.

. _/ Figure 6.2 A neuron
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There are three types of neurons, namely sensory (afferent) neurons,
motor (efferent) neurons and interneurons (or connectors). Table 6.1
below shows the structure and function of these neurons.

Type of neuron Function Structure
Sensory Transmits impulses
(afferent) from the sense organs
neuron or receptors to the
spinal cord and brain. Direction of
impulses
Senses the
stimulus
Cell
body

Figure 6.3 Sensory neuron

Motor (efferent) | Transmits impulses

neuron from the brain and
spinal cord to the . .
Ff)f t | d Cell Direction of
Response to effectors (muscles an bod impulses
. glands). The effectors ody
the stimulus .
bring about the
response.
You must
know the structure and
function of the different
neurons in order to
Figure 6.4 Motor neuron understand the reflex
action, which will be
Interneuron Links the sensory discussed next.
(connector) neuron to the motor
Found in the neuron.
brain and Cell
spinal cord body

Figure 6.5 Interneuron

Table 6.1 Sensory, motor and interneurons

A synapse is the functional connection between the axon of one
neuron, and the dendrites of another neuron.
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6.3 Reflex arc

Areflex action is a quick, automatic action that involves the spinal cord and
does not involve the brain. It is an important function to protect the body
from harm. Examples are blinking the eye, coughing, sneezing, dilation
and constriction of the pupil of the eye, and quickly withdrawing your hand
when it touches a hot surface.

The reflex arc is the path along which an impulse is transmitted to bring
about a response to a stimulus during a reflex action.

Figure 6.6 below shows what happens when you hold your finger close to
a flame. The grey arrows represent the reflex arc.

The path of a reflex arc:
Receptor (A) — Sensory neuron (B) — Interneuron (C) — Motor neuron (D) — Effector (E)

A Receptor: A structure which receives a C Interneuron: Carries the impulse
stimulus and converts it into an impulse from sensory neuron to the motor
(the heat sensor of the finger feels burn) neuron in the spinal cord

B Ssensory
neuron:
Carries the
impulse from
the receptor to
the spinal cord

E Effector:

A structure
which
produces the
reaction (the
muscles in the
finger contract
and the finger
is pulled
away)

Grey matter
White matter

D Motor neuron: Carries
the impulse from the
spinal cord to the
effectors

Figure 6.6 The reflex action of withdrawing a finger when placed in a flame
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a Activity 2
i

Questions

Use the diagram of the reflex arc in Figure 6.6 on page 44 to answer the
following questions.

1.

2.

Part B indicates the ...
A dendrite of the motor neuron.
B axon of the motor neuron.
C dendrite of the sensory neuron.
D axon of the sensory neuron. (2)
The correct sequence in which impulses move from the receptor to
the effector in the reflex arc in Figure 6.6 is ...
A A—-B—-C—-D—>E
B C—-A—-B—>E—>D
C C-B—-E—>D—>A
D A-D—-E—-B—-C (2)
Give the correct term for the following definitions:
a) A structure which receives a stimulus and converts it into
a impulse
b) A structure which responds to a stimulus, e.g. a muscle
or gland
¢) A neuron that carries impulses from the central nervous system
to the effectors
d) A neuron that carries impulses from the receptors to the central
nervous system
e) A neuron that carries impulses from a sensory neuron to a
motor neuron in the spinal cord
f) Avery quick, automatic action that involves the spinal cord
and not the brain
g) The pathway along which an impulse is transmitted to
bring about a response to a stimulus during a reflex
action 7 x1=(7)
[11]

Answers to activity 2
1.
2.
3.

cvv (2)

AvV/ (2)

a) Receptor/

b) Effector/

c) Motor/efferent neurony/

d) Sensory/afferent neuronv/’

e) Interneuron// connector

f) Reflex actionv/

g) Reflexarc/ 7x1=(7)
[11]
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Cornea:
Responsible
for the
refraction
(bending) of
light rays from
the object,

to create the
image on the
retina

Suspensory
ligament:
Holds the lens
in position

Pupil: A
circular
opening in
the iris which
allows light
into the eye

Aqueous
humour:
Watery fluid
that supports
the cornea
and the front
chamber of
the eye

6.4 The human eye

Figure 6.7 below shows the different parts of the eye and their functions.

Retina: Contains
the light-sensitive
receptor cells, i.e.
the rods and cones

Sclera: The tough
white outer coat,
which protects the
eye against damage

Choroid: A dark-

coloured layer

which:

¢ Reduces
reflection

¢ Isrich in blood
vessels which
supply the cells
of the eye with
nutrients and
oxygen

Yellow spot: Has
the greatest
number of cones;
this area offers the
clearest image

Optic nerve:
Carries nerve
impulses from the
retina to the brain

Iris: The
coloured
part of the
eye

Lens: Changes
shape for near
and distant
(far) vision

Figure 6.7 The structure of the eye

Vitreous
humour:

A jelly-like
substance
which gives
shape to the
eye

Blind spot: This area
has no rods and
cones; therefore
there is no vision at
this point
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6.4.1 Accommodation

Accommodation is the adjustment of the shape of the lens to see objects
clearly whether they are far away or close by. This is shown in Table 6.2 and
Figures 6.8 and 6.9 below.

Distant vision (objects further than 6 m)

Near vision (objects closer than 6 m)

Ciliary muscles relax

Ciliary muscles contract

Suspensory ligaments tighten (become taut)

Suspensory ligaments slacken

Tension on lens increases

Tension on lens decreases

Lens is less convex (flatter)

Lens becomes more convex (more rounded)

Light rays are refracted (bent) less

Light rays are refracted (bent) more

2 N B I

Light rays are focused onto the retina

2 I N B B

Light rays are focused onto the retina

Ciliary muscles
relax

Suspensory
ligaments
become taut

Lens becomes
less convex

Figure 6.8 Distant vision

Ciliary muscles
contract

Suspensory
ligaments
slacken

Lens becomes
more convex

Figure 6.9 Near vision

Table 6.2 Accommodation of the eye for distant and near vision

6.4.2 Pupillary mechanism

The pupillary mechanism (or pupil reflex) regulates the amount of light
entering the eye by adjusting the size of the pupil. This is shown in Table 6.3
and Figures 6.10 and 6.11 below.

Figure 6.10 The pupil in bright light

Light is bright Light is dim
1. Radial muscles of the iris relax 1. Radial muscles of the iris contract
2. Circular muscles of the iris contract 2. Circular muscles of the iris relax
3. Pupil constricts (gets smaller) 3. Pupil widens (gets bigger)
4. Less light enters the eye 4. More light enters the eye
Sclera Sclera .
Radial Radial
. muscles of Pubil muscles of
Pupil iris relax rupl iris contract
constricts widens _
(becomes Circular Circular
smaller) muscles of muscles of
iris contract iris relax

Figure 6.11 The pupil in dim light

Table 6.3 Pupillary mechanism
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Short sightedness

concave lens
Figure 6.12 A

Long sightedness

o
San

convex lens

)

Figure 6.12 B

4

Figure 6.13 Longitudinal
section through the human
eye

Figure 6.14 Longitudinal
section through a human eye

6.4.3 Visual defects

Visual defect

Nature of the defect

Corrective measures

Short-
sightedness

Near objects

Inability of lens to become
more flat/eyeball is longer than
normal

Wearing glasses with
converging (biconcave)
lens

opaque

can be Lens bends the light rays too Figure 6.12 A
seen clearly much
(myopia) As a result it falls in front of the
retina
causing the image to be blurred
Cannot see distant objects
clearly
Long- Inability of lens to become more | Wearing glasses with
sightedness convex/eyeball is shorter than converging (biconvex)
Objects far normal lens
away can be Lens does not bend light rays Figure 6.12 B
seen clearly enough
(hyperopia) As a result it falls behind the
retina
causing the image to be blurred
Cannot see near objects clearly
Astigmatism The curvature of the lens or Glasses with lenses
cornea is uneven resulting in shaped to correct the
distorted images distortion
Cataracts Lens becomes cloudy and Surgery to replace the

lens with a synthetic
lens

Q Activity 3
—

Questions

1. Figure 6.13 shows a longitudinal section through the human eye.
Study the diagram and answer the questions that follow.
a) Label parts 2, 3, 4 and 5 respectively.
b) Name and describe the process that causes part 1 to dilate
(become wider).
2. Figure 6.14 is a longijtudinal section through the human eye. The
structures which enable the eye to focus on objects are missing
in this diagram. Study the diagram and answer the questions that

follow.

Draw a longijtudinal section through the missing parts of Figure 6.14
to indicate the appearance of these structures when you are ...
a) reading a book.
b) looking at an object more than 6 metres away.

[21]
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Answers to activity 3

1. a) 2 - Corneav/

3 - Lens/

4 - Suspensory ligamentsy

5 - Ciliary musclesv// body
Pupillary mechanismv/'/ pupil reflex

The radial musclesv/of the iris contractv and the circular
musclesv relax.v’

The pupil dilates and more light enters the eye.v’
b)

b)

Ciliary musclev/

(5)

Ciliary musclev/

contractsy/ relaxesy/’
Lensv more Lens/ less
convexy’ convex/flatterv’
Suspensory Suspensory
ligaments v/ ligamentsy/
slackenv tighten/become
tautv’
(6) (6)
[21]
6.5 The human ear
6.5.1 Structure of the ear
The human ear consists of three main parts:
e The outer ear
e The middle ear
e Theinner ear
Outer Middle Inner

N
| bl

| .'l '.*I
E]H:, \ {-_i:_j‘
(1

ol
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Figure 6.15 below shows the structure and function of each part of the

human ear.
Ossicles
Pinna: | ' |
Directs Hammer Anvil Stirrup
sound -
waves to
eardrum Tymganun.n Ossicles: Transmit
= gr?ar ruT). d | | vibrations from the
ansmits soun eardrum to inner
waves to the
i : ear
middle ear
Ear canal (auditory ~ | Eustachian tube:
canal): Transmits Equalises pressure
sound waves to the on either side of
eardrum the eardrum
| A. Outer ear | B. Middle ear

Semi circular canals: Balance of
the body

Oval window:
Transmits sound
waves to the
inner ear

Sacculus and utriculus: Balance
of the body

Round window:
Releases
pressure from
the inner ear

Auditory nerve: Transmits
impulses to the brain

Cochlea: Contains the organ of
Corti which converts sound waves
into nerve impulses

C. Inner ear

Figure 6.15 The structure of the ear

6.5.2 Hearing

Figure 6.16 below shows how the three parts of the ear work together
to make it possible for us to hear. The grey arrows show the path of a
sound wave.

Ossicles

hammer anvil stirrup

Pinna
Semi circular
canals
Tympanum
(eardrum) Sacculus and

utriculus
Ear canal

Auditory nerve

Cochlea

Oval window

Round window

Eustachian
Middle ear Inner ear tube

Figure 6.16 How hearing takes place
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Look at Figure 6.16 above and read the information in Table 6.4 below to
understand how hearing takes place.

Part of ear What it does during the hearing process

Pinna Traps the sound waves and directs them into the
auditory canal.

Tympanic membrane | Vibrates and transmits the vibrations to the ossicles
in the middle ear.

Ossicles The ossicles amplify the vibrations and carry them via
the middle ear to the membrane of the oval window.

Oval window Vibrates and causes pressure waves in the inner ear.

Cochlea These vibrations cause the sensory cells in the organ
of Corti to be stimulated in the cochlea and nerve
impulses are generated.

Auditory nerve Transmits nerve impulses to the cerebrum to be
interpreted.

Table 6.4 The hearing process

6.5.3 Balance

The human ear is responsible for balance in this way:
1. The cristae in the semicircular canals are stimulated by changes in
the direction and speed of movement

2. The maculae in the sacculus and utriculus are stimulated by
changes in the position of the head

When stimulated, the cristae and maculae convert the stimuli received
into nerve impulses.

The nerve impulses are transported along the auditory nerve to the
cerebellum to be interpreted.

The cerebellum then sends impulses to the muscles to restore balance.

6.5.4 Hearing defects

Hearing defect Causes Treatment

Middle ear * Excess fluid in the middle | ¢ Inserting grommets

infection ear caused by pathogen o Antibiotics
infection

Deafness * Injury to parts of the ear, | * Hearing aids

nerves or parts of brain « Cochlear implants
responsible for hearing

¢ Hardened wax

¢ Hardening of ear tissues
such as ossicles

Table 6.5 Hearing defects
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a Activity 4
—v

Questions
Study Figure 6.17 below and answer the questions that follow.
C

mEE ()

I".'. | { ._F____,- = alﬁ
)R g— g ¥
| —1 [
For more questions on the QI ¢ h"“?:‘
human nervous system, = r‘| )
refer to the following b
National Life Sciences exam
papers:
e Life Sciences Paper 2 A B
March 2012: Version 1 — Figure 6.17 Parts of the ear
Question 2.1 on page 9 )
and Question 2.2 on 1. lIdentify the parts labelled B, C and F. (3)
page 10. 2. Give the function of the pinna. (2)
e Life Sciences Paper 2 3. Write the letter of the part which:
November 2011: Version a) contains receptors for balance. (1)
1 — Question 1.4 on b) equalises the pressure on either side of part B. (1)
page 9; Question 2.1 on c) transmits impulses to the brain. (1)
page 11 and Question 4. Describe how hearing occurs. (8)
2.20n [16]
page 12.
Answers to activity 4
1. B -Tympanic membrane/
C - Malleus/hammer/an ossiclev/’
F - Cochleav (3)
2. It directs sound wavesy  into the auditory canal/. (2)
3. a D/
b) GV
c) E/ (3)
4. « Sound waves are directed into the auditory canalv” by the
pinnav’.
e The sound waves make the tympanic membrane vibrates/” and
the vibrations are passed on to the ossiclesv” in the middle
ear.
]J_ ¢ The ossicles make the oval window vibrates/ and this causes
| pressure waves to be set up in the inner ear.
¢ These vibrations also cause the organ of Cortiv to be
stimulated and it generates impulses which are sent to the
cerebrumy along the auditory nerve/'.
¢ The cerebrum interprets the impulses as soundv’. (8)
Keep going! [16]
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Endocrine system

The names
of the hormones

are printed in
bold italics.

7.1 The human endocrine system

The endocrine system is responsible for chemical coordination and regulates
activities that take place inside the body. The endocrine system consists of glands
that produce different hormones, which are the body’s chemical messengers. Figure
7.1 below shows the glands of the endocrine system, the hormones they produce and
the function of these hormones in the body.

Hypothalamus:

ADH (antidiuretic
hormone)

* Target organ: Kidney

Pituitary gland (hypophysis):

GH (growth hormone)

e Controls growth

TSH (thyroid stimulating hormone)

* Stimulates thyroid gland to
secrete thyroxin

Reproductive hormones:
FSH, LH and prolactin

¢ FSH - stimulates the
development of the follicle in the
ovaries

¢ LH - stimulates ovulation, and
stimulates development of the
corpus luteum

¢ Prolactin - stimulates the
mammary glands to secrete milk

¢ Controls the
concentration of water
in the blood

Thyroid gland:
Thyroxin

¢ Controls basic metabolic
rate

Adrenal gland:
Adrenalin
Increases:

* heartbeat

* blood pressure

e conversion from
glycogen to glucose

¢ blood supply to the
cardiac and skeletal
muscles

¢ skeletal muscle tone

e rate and depth of
breathing

* diameter of pupils

Decreases: | U --.,I'E\llv Testes (only males):
| | Reproductive hormone:

¢ blood flow to the

Pancreas: Islets of Langerhans
Glucagon

* Stimulates conversion of
glycogen to glucose (increases
blood glucose levels)

Insulin

» Stimulates conversion of glucose
to glycogen (reduces the blood
glucose levels)

digestive system and Ovary (only females): Testqster one .

skin Reproductive hormones: d Sgg;rﬂitgﬁsthe maturation of
Aldosterone Oestrogen and progesterone ¢ Stimulates puberty in males
* Target organ: Kidney » QOestrogen - stimulates puberty in females, Y
* Regulates salt promotes thickening of the endometrium

concentration in the * Progesterone - promotes thickening of the

blood endometrium, maintains pregnancy

Figure 7.1 The human endocrine system
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7.2 Negative feedback

Homeostasis is a process of maintaining a constant internal environment
(blood and tissue fluid) within the body. This enables the body to function
efficiently, despite changes in the external or internal environment.

Negative feedback mechanisms operate in the human body to detect
changes or imbalances in the internal environment and to restore the
balance.

7.2.1 General sequence of events in

a negative feedback mechanism
-% Step 1: An imbalance is detected.

Step 2: A control centre is stimulated.

Step 3: Control centre responds.

Step 4: Message sent to target organ/s.
Step 5: The target organ responds.

Step 6: It opposes/reverses the imbalance.

Step 7: Balance is restored.

7.2.2 Example of a negative
feedback mechanism

We will look at the regulation of thyroxin in the human body. There are two
glands involved in the control of thyroxin levels:

* Gland 1: Thyroid gland (releases thyroxin)

e Gland 2: Pituitary gland (releases TSH)

Let us now look at the sequence of events in this feedback mechanism.
When you read the flow diagrams, start with NORMAL THYROXIN LEVELS.

Situation 1
Step 1: | Thyroxin levels increase above normal limits Pituitary gland Thyroid gland
releases less TSH " | I
Step 2: | Pituitary gland is stimulated © eases_ ess
thyroxin
Step 3: | Pituitary gland produces less TSH
Step 4: | Low TSH level stimulates the thyroid gland Y
Thyroxin level Thyroxin level
Step 5: | The thyroid gland secretes less thyroxin increases decreases
Step 6: | The thyroxin level thus decreases
Step 7: | Thyroxin level returns to normal
NORMAL THYROXIN

LEVELS
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NORMAL THYROXIN

LEVELS

Thyroxin level
increases

A

Thyroid gland
releases more
thyroxin

Thyroxin level
decreases

|

Situation 2

Step 1: | Thyroxin levels decrease below normal limits
Step 2: | Pituitary gland is stimulated

Step 3: | Pituitary gland produces more TSH

Step 4: | High TSH level stimulates the thyroid gland
Step 5: | The thyroid gland secretes more thyroxin
Step 6: | The thyroxin level thus increases

Step 7: | Thyroxin level returns to normal

Q Activity 1

—r

Question

The flow chart in Figure 7.2 below shows the control of glucose levels.
[6]

Provide labels for 1 to 6.

Pancreas: Releases 1 ............

A

Glucose level increases

Liver and muscles: Glucose

converted to 2

\

Glucose level 3

NORMAL GLUCOSE LEVEL

Glucose level 4 ..................

Glucose level increases

B —— releases
glucagon

4

A

> Liver and muscles: Glycogen
convertedto 6 ...............

Figure 7.2 The negative feedback system to control glucose levels in the body

1. Insulin/
3. Decreasesv
5. Pancreas v/

Answers to activity 1

2. Glycogen v
4. Decreasesv’
6. Glucosev

(6]

A

Pituitary gland
releases more TSH

Keep going!
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Homeostasis In
humans

8.1 Introduction

Homeostasis is the process of maintaining a constant internal environment
within the body. The internal environment refers to the blood and tissue
fluid that surrounds the cells of the body. Homeostasis enables the body to
function efficiently, despite changes that might occur in the external or internal

environment.

Changes in temperature, glucose levels, carbon dioxide levels, water levels and
salt levels of the internal environment affects the homeostatic balance of the
body. Negative feedback mechanisms operate in the human body to detect
changes or imbalances in the internal environment and to restore the balance.

8.2 Negative feedback
mechanisms

General sequence of events in a negative feedback mechanism :

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:
Step 7:

An imbalance is detected.

A control centre is stimulated.
Control centre responds.

Message sent to target organs/s.
The target organ responds.

It opposes/reverses the imbalance.

Balance is restored.

8.2.1 The regulation of glucose levels
in the internal environment

When the glucose level in the blood increases above normal levels:

Step 1 Glucose levels in the blood increase above normal levels

Step 2 The pancreas is stimulated

Step 3 to secrete insulin into the blood

Step 4 Insulin travels in the blood to the liver

Step 5 where it stimulates the conversion of excess glucose to glycogen which is then stored
Step 6 The glucose level in the blood now decreases

Step 7 and returns to normal
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When the glucose level in the blood decreases below normal levels:

Step 1 Glucose levels in the blood decrease below normal levels

Step 2 The pancreas is stimulated

Step 3 to secrete glucagon into the blood

Step 4 Glucagon travels in the blood to the liver

Step 5 where it stimulates the conversion of stored glycogen to glucose

Step 6 The glucose level in the blood now increases

Step 7 and returns to normal

Pancreas secretes »| Glucose is converted
insulin to glycogen
A
\
Glucose level Glucose level
increases decreases

A

Normal glucose levels in blood

\ 4

Glucose level Glucose level
decreases increases
/Y
\
Pancreas secretes > Glycogen is
glucagon converted to glucose

Figure 8.1 Negative feedback mechanism to regulate the glucose levels

8.2.2 The regulation of carbon dioxide levels in the
internal environment

When the CO, level in the blood increases above normal levels:

Step 1 CO, levels in the blood increase above normal levels

Step 2 Receptor cells in the carotid artery in the neck are stimulated

Step 3 To send impulses to the medulla oblongata in the brain

Step 4 Medulla oblongata stimulates breathing muscles (intercostal muscles and diaphragm) and heart

Step 5 Breathing muscles contract more actively - increases the rate and depth of breathing. The heart
beats faster.

Step 6 More CO, is taken to and exhaled from the lungs

Step 7 The CO, level in the blood returns to normal
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8.2.3 The regulation of water balance in the
internal environment (osmoregulation)

When the blood has less water than normal:
Step 1 Blood has less water than normal
Step 2 The hypothalamus is stimulated
Step 3 and sends impulses to the pituitary gland to secrete more ADH
Step 4 ADH travels in the blood to the kidneys
Step 5 ADH increases the permeability of the collecting ducts and the distal convoluted tubules of
the kidney
Step 6 More water is re-absorbed and passed to the surrounding blood vessels
Step 7 The water level in the blood returns to normal
When the blood has more water than normal:
Step 1 Blood has more water than normal
Step 2 The hypothalamus is stimulated
Step 3 and sends impulses to the pituitary gland to stop secreting ADH/to secrete less ADH
Step 4 No ADH/less ADH travels in the blood to the kidneys
Step 5 The collecting ducts and the distal convoluted tubules of the kidney become less permeable to water
Step 6 Less water is re-absorbed and passed to the surrounding blood vessels. More water is now lost
Step 7 The water level in the blood returns to normal

Pituitary secretes . Permeability of
more ADH ™1 collecting ducts and
distal convoluted
A tubules increases
Water level More water reabsorbed
decreases into blood

A

Normal water levels in blood

\ 4

Less water reabsorbed
Water level into blood

Increases More water is lost

A

Y

— Permeability of
Pituitary stops _| collecting ducts and

secreting ADH/Less “|  distal convoluted
ADH secreted tubules decreases

Figure 8.2 Negative feedback mechanism to regulate the water balance
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8.2.4 The regulation of salt balance in the internal

environment
When the salt level in the blood decreases:
Step 1 The salt level in the blood decreases
Step 2 Receptor cells in the afferent and efferent arterioles of the kidney detect the low salt level
Step 3 The adrenal gland is stimulated
Step 4 into secreting more aldosterone
Step 5 Aldosterone increases the re-absorption of sodium ions from the renal tubules in the kidney into the
surrounding blood vessels
Step 6 The salt level in the blood vessels increases
Step 7 and returns to normal
When the salt level in the blood increases:
Step 1 The salt level in the blood increases
Step 2 Receptor cells in the afferent and efferent arterioles of the kidney detect the high salt level
Step 3 The adrenal gland is stimulated
Step 4 to stop secreting aldosterone/to secrete less aldosterone
Step 5 This decreases the re-absorption of sodium ions from the renal tubules in the kidney into the
surrounding blood vessels
Step 6 The salt level in the blood vessels decreases
Step 7 and returns to normal

Adrenal gland _ Re-absorption
secretes more - of sodium ions
aldosterone increases
A
\
Salt level decreases Salt level increases

A

Normal salt levels in blood

\ 4

Salt level increases Salt level decreases
A
\

Adrenal gland - Reabsorption
stops secreting g of sodium ions

aldosterone/ decreases
less aldosterone

secreted

Figure 8.3 Negative feedback mechanism to regulate the salt balance
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8.3 The process of
temperature regulation

Temperature regulation is the control of body temperature to keep it as
close to 37°C as possible to enable the body to function normally.

Body temperature is regulated by the hypothalamus in the brain and the
blood vessels and sweat glands in the skin.

Figure 8.4 below shows how the body temperature is regulated by the
hypothalamus and the skin.

|_ ON A HOT DAY the hypothalamus is
| stimulated and sends impulses to the
" blood vessels
More sweat Jr._q v
is released.
Evaporation
of the sweat Blood
cools the vessels dilate
skin. (become
wider). This
is called
vasodilation.
¢ More blood
Sweat floyvs to the
gland skin.
becomes * More heat
more is lost from
active. the skin.
¢ More blood
is sent to
the sweat
glands.

ON A COLD DAY the hypothalamus is
stimulated and sends impulses to the
blood vessels

Less sweat
is released.
There is less
evaporation
of sweat and

Y

less cooling Blood vessels

of the skin. constrict
(become
narrower).
This is called
vasoconstriction.

Sweat * Less blood

gland flows to the

becomes skin.

Ia?cst?v e. e Less heatis
lost from the
skin.

¢ Less blood
is sent to the

sweat glands.

Figure 8.4 The homeostatic mechanism to regulate body temperature

Q Activity 1
—

Questions
1. Name the heat regulation centre in the brain. (1)
2. What happens to the blood vessels of the skin on a cold day? (1)
3. Describe how the state of the blood vessels mentioned in
question 2 decreases heat loss. (4
4. What happens to blood vessels of the skin on a hot day? (1)
5. Describe how the state of the blood vessels mentioned in
question 4 increases heat loss. (4)
[11]
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Answers to activity 1
1.
2.
3.

Hypothalamusv

Blood vessels constricty///vasoconstriction

e Less blood flows to the surface of the skin.v

e Less heat is lost from the surface of the skin.v’
* Less blood flows to the sweat glands.v

* Sweat glands release less sweat.v//

e Less evaporation of sweat.v/

e Less cooling of the skin on a cold day.v

Blood vessels dilatev//vasodilation

« More blood flows to the surface of the skin.v/

e More heat is lost from the surface of the skin.v/
e More blood flows to the sweat glands.v/

e Sweat glands release more sweat.v’

e Evaporation of sweatv

* cools the skin on a hot day.v/

(any 4)(4)

(any 4)(4)
[11]

|—r Keep going!

© Department of Basic Education 2014

Mind the Gap CAPS Grade 12 Life Sciences

CHAPTER 8 HOMEOSTASIS IN HUMANS (PAPER 1) 61



Phototropism:

Growth of a
plant stem
towards light

Stem

Geotropism:
Growth of

a plant root
downwards
into the soil in
response to
gravity

Root

Figure 9.1 A germinating
seedling

Responding to the
environment - plants

9.1 Growth and development
in plants

Growth and development in plants are controlled by hormones. Auxin is an
example of a hormone.

Tropism is the growth or turning movement of a plant or part of a plant in

response to an environmental stimulus.

¢ Phototropism is the growth of a plant in the direction of a light
source.

* Geotropism is the growth of a plant in response to gravity.

The growth movement of phototropism and geotropism is due to chemical
messengers (hormones) called auxins in a plant.

Q Activity 1
S

Questions
Complete the table:
Term Description
a) Chemical messenger in the plant
b) Growth of a plant stem towards light
Geotropism c)
Tropism d)
(4]
Answers to activity 1
a) Plant hormonev
b) Phototropismv/
¢) Growth of a plant root in response to gravity/
d) Growth movement of a part of a plant in response to an
environmental stimulusy’ [4]
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9.2 Role of auxins in phototropism

and geotropism

Role of auxins in phototropism

Role of auxins in geotropism

Produced at the tip of stem/shoot

Produced at the tip of roots

Auxins move downward evenly

Auxins move upwards evenly

This even distribution brings about equal growth on
all sides of the stem

This even distribution brings about equal growth on all
sides of the root

As a result the stem grows upward

As a result the root grows downward

When the stem is exposed to unilateral light (light
from one side only)

When the root is placed horizontally (only one side
exposed to gravity)

The auxin concentration will be high on the dark
side - light destroys auxins

The auxin concentration will be high on the lower side of
the root - gravity attracts auxins

More growth occurs on the dark side because
auxins stimulate growth on the dark side

More growth occurs on the upper side of the root
because auxins on the lower side inhibit growth

As a result the stem bends towards the light

As a result the root bends downwards

a Activity 2
=

Questions

QUESTIONS 1 to 2 are based on Diagrams | and Il which illustrate the
response of the tip of a young shoot to a light stimulus.

ar
light

Diagram | Diagram Il
Result

S

4—
light

1. The arrow X represents the unequal distribution of ...

A abscisic acid.
B mineral salts.
C gibberellins.
D auxins.
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T

Keep going!

2. The curving of the shoot in Diagram Il is due to more rapid cell
growth in region(s) ...

A 1
B 2.
C 1and4.
D 3and4.

3. The diagram above represents ...
A. geotropism.
B. apical dominance.
C. phototropism.
D

gravity. 3x2
[6]
Answers to activity 2
1. D/V
2. B/V
3. C// 3x2
[6]

9.3 Plant defence
mechanisms

Plants are eaten by herbivores and attacked by pathogenic organisms
such as viruses, bacteria and fungij, causing them to become diseased.
Plants protect themselves from these threats using chemicals and thorns.

) Activity 3

—

1. Describe TWO methods used by plants as defence mechanisms (4)

Answers to activity 3

1. Plants have thorns/ on their stems and leaves. They are
unable to escape from herbivores, and the thorns are used to
protect themselves. v/
The chemical secretion of plants is poisinous to some
organisms. v/
Sticky secretions given of by plants make it difficult for insects
and animals to eat the plant v/
[4]
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Evolution

A theory is an explanation of something that has been observed in nature
which can be supported by facts, generalisations, tested hypotheses,
models and laws.

A hypothesis is a possible solution to a problem.

10.1 Evidence for evolution

* Fossil evidence: The evidence that shows characteristics that make
us similar to, or different from African apes comes largely from a
study of fossils (thousands of fossil fragments).

* Genetic evidence: Scientists state that organisms are closely related
and are likely to have a common ancestor if they have:

- ldentical DNA structure

- Similar sequence of genes

- Similar portions of DNA with no functions and

- Similar mutations (mitochondrial DNA)

Species that are closely related have a greater similarity to each
other than distant species.

e Cultural evidence: Cultural evidence from studies of tools and
weapons, as well as language is also used to show similarities and
differences between humans and African apes.

10.2 Sources of variation

The genotypes and therefore phenotypes (appearance) of individuals of

the same species are different from each other because:

* Crossing over in Prophase | of meiosis involves an exchange of
genetic material, leading to new combinations of maternal and
paternal genetic material in each new cell resulting from meiosis.

* Random arrangement of maternal and paternal chromosomes
at the equator during metaphase allows different combinations of
chromosomes/chromatids to go into each new cell resulting from
meiosis, making them different.

* Random fertilisation between different egg cells and different sperm
cells formed by meiosis result in offspring that are different from
each other.

* Random mating between organisms within a species leads to a
different set of offspring from each mating pair.

* A mutation changes the structure of a gene or chromosome and
therefore the organism’s genotype. Since the genotype influences the
phenotype, it creates organisms with new, different characteristics
from one generation to the next.
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10.3 Theories of Lamarck
and Darwin

Jean-Baptiste Lamarck explained evolution using the following two ‘laws’:

1. The inheritance of acquired characteristics:
Characteristics developed during the life of an individual (acquired
characteristics) can be passed on to their offspring.

2. The law of use and disuse:
As an organism uses a structure or organ more regularly, it becomes
better developed or enlarged. If an organism does not use a
structure or organ frequently, it becomes less developed or reduced
in size and may disappear altogether.

Charles Darwin explained evolution in terms of natural selection which

states that:

* There is a great deal of variation among members of the same
species.

* Organisms with favourable characteristics, which enable them to
cope with challenges in the environment, survive.

* Organisms which do not have favourable characteristics that allow
them to cope with challenges in the environment, die.

inhertance of acquired characteristios

LAMARCHK

By of uEe &and disuse

f E‘-.r‘GLIJﬂDH . vasiation $ame spacies |

| 1 . ] sunyival

- THEEIHI_%' :
e _ fansuraile

nafural selection
k_ charachanshcs

punctuated equilibrium

DARWIN

T ST )
periods of gradual change

periods of rapid change
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10.4 Applying the ideas of
Lamarck and Darwin

Figure 10.1 below shows a series of changes involving cacti plants over a
period of time. Some notes are included on the events at A, B and C.

Only the plants with longer roots
were able to reproduce to form
offspring with longer roots.

There are many cacti plants. There
is variation among the plants.
Some have long roots and some
have short roots.

Only cacti plants with the longer
roots are present. The ones with
shorter roots are absent (have
died).

Time

»
>

Figure 10.1 Changes in cacti plants over time

We can use Figure 10.1 to describe how Darwin would have explained how
modern cacti plants may have developed longer roots as compared to their

ancestors with shorter roots.

The second column in Table 10.1 below gives Darwin’s explanation of how modern
cacti plants may have developed longer roots. The first column contains questions
that guide the explanation from one point to the next. You will be able to use the same
questions to guide you when answering questions on Darwin’s theory using any other
example, for example the development of longer necks in modern giraffes.

Guiding questions

Darwin’s explanation

Describe the variation in the
population.

What was the challenge?

What was the result of the challenge?

What is this called?

What happened to the favourable
characteristic?

What was the result of this?

As a result of genetic variation/in the
cacti population, some cacti plants
had longer roots than others./

As a result of drought v/, competition
for water occurred.

Plants with shorter roots diedv/ and
those with longer roots survived./

This is called natural selection.v/

The allele for longer roots was passed
on to subsequent generations./

Eventually all the plants had longer
roots./

Table 10.1 Darwin’s explanation for changes in cacti plants over time
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Use the guiding questions in
Tables 10.1 and 10.2.

The second column in Table 10.2 below states how Lamarck would have explained
how modern cacti plants may have developed longer roots when compared to their
ancestors with shorter roots. The first column contains guiding questions that will help
you answer other questions on Lamarck’s theory using any other example, for example
the development of longer necks in modern giraffes.

Guiding questions

Lamarck’s explanation

What was the original characteristic at
the start?

What did the organism do?

Why did the organism do this?

What was the result?

What happened to this new
characteristic?

What was the result of this?

All cacti had short rootsv originally.

Cacti frequently stretchedv their
roots.

They did this to reach deeper for
water in the soil.v/

As a result, the roots became
longer.v/

The characteristic of long roots
acquired in this way was then passed
on to the next generation./

Eventually all the plants had longer
roots./

Table 10.2 Lamarck’s explanation for changes in cacti plants over time

Q Activity 1
S

Questions
1. Write an account showing how Lamarck would have explained the
development of longer necks in modern giraffes. (5)
2. Write an account showing how Darwin would have explained the
development of longer necks in modern giraffes. (7)
3. Explain why Lamarck’s theory was rejected. (2)
[14]

Answers to activity 1
1. »

higher up on the trees./

All giraffes had short necksy/ originally.
¢ These giraffes frequently stretched/'their necks.
e They did this to reach the leaves that were available only

* As aresult, their necks became longer.v/

e The characteristic of long necks acquired in this way was then
passed on to the next generation./

* Eventually all the giraffes had longer necks./ (5)

68 CHAPTER 10 EVOLUTION (PAPER 2)

© Department of Basic Education 2014
Mind the Gap CAPS Grade 12 Life Sciences



Answers to activity 1 (continued)
2. .« Asaresult of genetic variation/ in the giraffe population
some giraffe had longer necks than others./
* As aresult of leaves being available only higher up on trees,/
giraffes competed for these leaves.
* QGiraffes with shorter necks died.v/
» Giraffes with longer necks survived.v/
e This is natural selection./
* Theallele v for longer necks was passed on to subsequent
generations./
* Eventually all the giraffes had longer necks./ (7)
3. There is no evidencev to show that acquired characteristics
are inheritedv///There is no evidence that structures used more
frequently become more developed or vice versa (2)

[14]

10.5 Differences between
natural selection and artificial
selection

For a long time, humans have been doing breeding experiments to develop
organisms with a selected set of desirable characteristics, for example
increased quality and quantity of milk produced by cows, or drought
resistance and increased sugar content in sugar cane.

This is achieved by artificial selection, which is a similar process to natural
selection. However, artificial selection differs from natural selection in the
following ways:

Natural selection Artificial selection

The environment or nature is the
selective force.

Humans represent the selective force.

Selection is in response to satisfying
human needs.

Selection is in response to suitability
to the environment.

For more questions on
Lamarck and Darwin, refer
to the following National Life
Sciences exam papers:

Life Sciences Paper 2
November 2008 — Question
2.3 on page 12.

Life Sciences Paper 2
November 2009 — Question
2.2 on page 9.

Life Sciences Paper 2
March 2010 — Question 2.1
and 2.2 on page 9.

Life Sciences Paper 1
November 2010 — Question
3.1 and 3.2 on page 11.
Life Sciences Paper 1
November 2011: Version 1
— Question 3.3 on page 10.
Life Sciences Paper 1
March 2012: Version 1 —
Question 4.2 on page 14.

May involve one or more species (as
in cross breeding).

Occurs within a species.

Table 10.3 The differences between natural selection and artificial selection

10.6 Punctuated Equilibrium

Based on the explanations of Lamarckism and Darwinism, it is thought
that evolution takes place through an accumulation of small or gradual
changes that occur over a long period of time. This is supported by the
many transitional fossils in the fossil record which show the progressive
change over time.
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a) Gradualism

Time

b) Punctuated equilibrium

Figure 10.2 Phylogenetic
trees that show a)
gradualism and b)
punctutated equilibrium

For more questions on
speciation, refer to these
National Life Sciences exam
papers:

Life Sciences Paper 2
November 2008 — Question
3.3 on page 13.

Life Sciences Paper 2
November 2009 — Question
2.1 on page 9.

Life Sciences Paper 2
March 2010 — Question 3.2
on page 13.

Life Sciences Paper 2
March 2011 — Question 3.1
on page 9.

Life Sciences Paper 1
November 2011: Version 1
— Question 3.4 on page 10.
Life Sciences Paper 1
March 2012: Version 1 —
Question 3.4 on page 12.

Punctuated equilibrium is a hypothesis that explains the speed at which

evolution takes place through natural selection:

e According to punctuated equilibrium, evolution is not always gradual
as proposed by Lamarckism and Darwinism.

* Evolution involves long periods of time where species do not change
or change very little (known as equilibrium).

* This alternates with (is punctuated by) short periods of time where
rapid changes occur.

* As aresult, new species are formed in a short period of time, relative
to the long periods of no/little change.

e This is supported by the absence of transitional fossils (usually
termed ‘missing links’) indicating the period of rapid change.

10.7 Speciation

As a result of natural selection taking place over a period of time, the
characteristics of organisms may change to such an extent that they
cannot reproduce with the original members of that species to produce
fertile offspring. We say that they have become a new species. This is
called speciation.

We can describe the process of speciation as follows:

10.7.1 Speciation

A population of a particular species may become split by a geographical
barrier, e.g. a river. As a result, the two parts of the population cannot
interbreed. There is no gene flow between the two populations.

Natural selection occurs independently in each population. This is due
to different environmental conditions. As a result, the two populations
become genotypically and phenotypically different over a period of time.

Even if the two populations mixed at a later time, they will not be able to
interbreed again. We say that one or both parts of the population have
become a new species = speciation.

10.7.2 Mechanism for reproductive
isolation

Geographic isolation causes speciation. Reproductive isolation isolates
the gene pool of a species. Examples of reproductive isolation:

* Breeding at different times of the year.

e Species-specific courtship behaviour.

e Adaptation to different pollinators in plants.

* |Infertile offspring.
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a Activity 2
i

1. Use the information in Figure 10.3 below to explain how a new
species of rabbit has arisen because of a geographical barrier. [9]

River

River River I Landslide

Gene flow

] = 3 Population A Population B

Species X

No gene
flow occurs

&

Spécies Y

f
&

Diagram 1 Diagram 2

Figure 10.3 Speciation in a rabbit population

2. The diagram below represents the changes in a population of
bacteria over time as a result of exposure to an antibiotic over time.

Original population Final population Key

QOO0 ol 1 2, Low O O @ Hign
oY T'le 000® E— .
OO0O00O 0000 Antibiotic resistance level

Diagram A Diagram B

Figure 10.4. Development of antibiotic resistance in a bacteria population

Explain, in terms of natural selection, the shift in the resistance level
of the bacteria illustrated above. [8]

1. .

Answer to activity 2

A population of rabbits become splitv” by a geographical
barriet/river./

As a result, the two parts of the population cannot interbreed./
There is no gene flow/ between the two populations.

Natural selection occurs independently/ in each population due
to different environmental conditionsv” on either side of the river.
As a result, the two populations become genotypically and
phenotypically different/ over a period of time.

Even if the geographical barrier is removed (ie the river returns to
its normal course at some later time), the rabbits will not be able
to interbreed again./

We say that one or both parts of the rabbit population have
become a new species/. [9]

2. There is a large degree of variation in the bacteria population/

When the antibiotic was first used, it killed off a large number of
bacteriav’

But some bacteria were resistant to the antibioticy” and survivedv
Those that survived were able to reproduces/

Increasing the population of resistant bacterias/’

Continued use of the antibiotic had little effect on the resistant
bacteriav’

Hence the resistant bacteria increasedv’

And non-resistant bacteria decreasedv’ [8]

Diagram 3
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10.8 Human evolution

So far in this chapter you have seen that:

* As a result of natural selection, the characteristics of organisms can
change over time due to changing environmental conditions

* New species can arise when a group of organisms change so much
that they can no longer reproduce with the original species (this is
called speciation).

Natural selection and speciation can also be used to explain how humans
have evolved.

Scientists identify trends in human evolution by comparing humans to
other primates in terms of similarities and differences. The differences
point to the existence of different species, while the similarities point to a
possible common ancestor.

10.8.1 Similarities between humans
(Homo sapiens) and African apes

Figure 10.5 below shows characteristics of humans that are similar to that
of African apes.

Figure 10.5 Characteristics humans and African apes have in common

Large brain

Eyes in front

Freely rotating arms

<«——— |l ong upper arms

Rotation around
elbow joints

i Bare fingertips or
nails instead of claws

Opposable thumb

Upright posture

Now try this:

1. Cover the labels on Figure 10.5 and try to list the common features
of humans and African apes by looking at the parts that the arrows
are pointing to.

2. Write down the EIGHT similarities without looking at the diagram.
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10.8.2 Differences between humans
(Homo sapiens) and African apes

Table 10.4 below is a comparison between the anatomical characteristics
of Humans (Homo sapiens) and African apes according to the features
listed in the first column.

FEATURE Humans (Homo sapiens) African Apes
Cranium Large cranium/brain Small cranium/brain
Brow Ridges Brow ridges are not well developed Brow ridges well developed
Spine More curved spine (S-shaped spine) Less curved spine (C-shaped spine)
Pelvic girdle Short, wide pelvis Long, narrow pelvis
Canines Small canines Large canines
Palate shape Small and semi-circular Long and rectangular
Jaws ¢ Small jaws * Large jaws
* Less protruding jaws/less-prognathous | ¢ More protruding jaws/more prognathous
Cranial ridges No cranial ridge Cranial ridge across the top of the cranium
Foramen Magnum Foramen magnum in a forward position Foramen magnum in a backward position

Table 10.4: The anatomical differences between humans and African apes.

Now try this:
1. Study the differences listed in Table 10.4 above by referring to the
features shown in Figure 10.6 below.

These are easy
marks. Learn these
features well.

Cranium - size Cranial ridge

Brow ridges - size

Foramen magnum
- position

Canines - size

Jaws - protrusion

Figure 10.6 Labelled diagram of an African ape skull

=~ WL
/e 4
| 1 |

)|
Figure 10.7 Difference in she\ch5
L "‘_‘"-a

2. Now write down the differences using the above diagrams but
without referring to Table 10.4.
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Q Activity 3
i

Question 1

Study the two skulls shown in Figure 10.8 below and answer the questions
that follow.

Skull A Skull B

Figure 10.8 Skull diagrams of two organisms

1.1 Which skull (A or B) is that of a non-human primate? (1)
1.2 List FIVE OBSERVABLE reasons (based only on features that are

visible in the diagram) for your answer in question 1.1. (5)

[6]

Answers to question 1
1.1 Skull B/ (1)
1.2 Pronounced brow ridgev/

Protruding jaw/prognathousv

Large caninev/

Small craniumy’
Cranial ridge across the top of the craniumv (9)
[6]

Question 2

The diagrams in Figure 10.9 below represent the skulls of three organisms:
Taung child (Australopithecus africanus), a modern human (Homo
sapiens) and a gorilla (Gorilla gorilla). The arrow indicates the position of
the foramen magnum (the opening that allows the spinal cord to connect
with the brain). Study the diagrams and answer the questions that follow:

T

Skull A Skull B Skull C

Figure 10.9 Skull diagrams showing the position of the foramen magnum
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2.1 Identify the organisms that are represented by each of skulls A, B
and C. (3)
2.2 Assuming that the diagrams were drawn to scale, list THREE
observable differences between the skulls of organisms A and B. (6)
2.3 By looking at the position of the foramen magnum (indicated by
the arrows), state which TWO organisms are best adapted for
walking on two legs rather than four legs. (2)
2.4 Explain, using observable features, why the organism to which
skull C belongs can be regarded as a transitional species
(a species that is in the process of changing). (3)
[14]

Answers to question 2
2.1 A - Homo sapiens/humany/

B - Gorilla gorilla/gorillav

C - Australopithecus africanus (Taung child)/ (3)
2.2

Skull A Skull B

Brow ridge reduced/absentv/ Pronounced brow ridgev

Non-prognathous/non-protruding
jawv’

Prognathous/protruding jawv’

Poorly developed caninesv Large caninesv

No cranial ridgesv’ Cranial ridges presenty/

Large craniumv’ Small craniumv

(any 3 x 2) (6)

2.3 Homo sapiens/humany’ AND Australopithecus africanus
(Taung child)v (2)
2.4 It has features of the skull that are intermediatev” between that
of skulls A and B, e.g. jaw protrudes more than in skull A but less
than in skull BV, face not flat in skull of B but flat in skull A. (3)

[14]

For more questions on human
evolution, refer to the following
National Life Sciences exam
papers:

Life Sciences Paper 2
November 2008 — Question
3.1 0n page 13.

Life Sciences Paper 2
March 2009 — Question 1.5
on page 8.

Life Sciences Paper 2
March 2010 — Question 4.2
on page 16.

Life Sciences Paper 1
November 2010 — Question
3.3 on page 12.

Life Sciences Paper 2
March 2011 — Question 3.2
on page 10.

Life Sciences Paper 1
November 2011: Version 1
— Question 3.1 and 3.2 on
pages 9 and 10.
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10.8.3 Major phases in hominid

evolution

The table below shows the characteristics of different organisms (as
obtained from a study of their fossils) that are thought to be in the same
line that led to the evolution of modern humans. The fossils are dealt with
in the order in which they appeared on Earth (as calculated by the age of
the fossil using dating techniques).

Organism When organism Fossil site Discovered Characteristics
existed by
Ardipithecus 5 - 4 mya North-East Tim White Brain size: 300-350 ml
ramidus Ethiopia Forward position of foramen magnum
Very prognathous (more protruding jaws)
Heavy brow ridges
Pelvis structure: bipedal and tree climbing
Australopithecus | 4 - 2,7 mya Ethiopia, Donald Brain size: 375-550 ml
afarensis Kenya, Johanson Forward position of foramen magnum
Tanzania Very prognathous
Heavy brow ridges
Canines large and pointed
Long arms
No cranial ridge
Australopithecus | 3 - 2 mya Taung; Raymond Brain size: 428-625 ml
africanus Sterkfontein Dart Forward position of foramen magnum
Prognathous
Brow ridges
Teeth large, canines not long
Long arms
No cranial ridge
Australopithecus | 1,9 - 1,8 mya Malapa Cave - | Lee Burger | Brain size: 420 ml
sediba in the cradle of Less prognathous
humankind Brow ridges
Large teeth, canines not long
Long arms
No cranial ridge
Homo habilis 2,2 -1,6 mya Tanzania Louis and Brain size: 650 ml
Mary Leakey | Less prognathous
Less pronounced brow ridges
Human-like teeth - smaller canines
Long arms
Homo erectus 2 - 0,4 mya Javain Eugene Brain size: 900 ml
Indonesia Dubois Prognathous
and then Cranial ridges
Swartkrans )
Short canines
Longer legs and shorter arms
Homo sapiens 200 000 years Makapansgat | Tim White Brain size: 1200-1800 ml
ago - present in Limpopo; No brow ridges
Border Cave in Small teeth
KZN; !SIombos Short arms
Cave in the

Western Cape
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“ Activity 4
—y

1. What general observation can you make about the characteristics as

one moves from the earlier to the later organisms listed in the table? (2)
2. Use information in the table to describe the specific evolutionary

trend (how each of the features changed over time) relating to each

of the following characteristics:

2.1 Brain size

2.2 Position of foramen magnhum

2.3 Prognathous jaws

2.4 Dentition

2.5 Development of brow ridges 5 x 2 (10)
3. State the significance of the changes that occurred as they apply to

each of the following characteristics:

3.1 Brain size

3.2 Position of foramen magnum

3.3 Prognathous jaws

3.4 Dentition

3.5 Development of brow ridges 5 x 2(10)
4. Explain how the information in the table provides evidence for the

‘Out of Africa’ hypothesis. (2)

[24]

Answers to activity 4
1. There is a gradual change in the characteristicsv” over a period
of time. v/ (2)
2. 2.1 Brain size: Increasev in brain sizev/
2.2 Position of foramen magnum: Movement to a morev forward
positionv’
2.3 Prognathous jaws: Change from more prognathousy” to less
prognathousv’
2.4 Dentition: Decrease in the sizev/” of the teeths/OR decrease/
in the size/ of the canines
2.5 Development of brow ridges: Brow ridges become lessv
developedv’ 5 x 2 (10)
3. 3.1 Brain size: Increased brain size allows for processing
information more quickly v'and for processing a larger amount
of information. v/
3.2 Position of foramen magnum: More forward position of the
foramen magnumy indicates bipedalism. v A decrease in
the length of the arms indicates a decreased dependency on
its use in locomotion and therefore shows a more advanced
stage of bipedalism. This is usually accompanied by an
increase in the length of the legs.
3.3 Prognathous jaws: A less prognathous jaw indicates a smaller
jaw. v A small jaw is sufficient since there was a change from
eating raw food to eating cooked food. v/
3.4 Dentition: The change from large to smaller teeth/was due to
the change in diet from raw food to cooked foodv

© Department of Basic Education 2014
Mind the Gap CAPS Grade 12 Life Sciences CHAPTER 10 EVOLUTION (PAPER 2) 77



Answers to activity 4 (continued)

3.5 Development of brow ridges: Brow ridges became less
developed since the action of the smaller jawsv/did not
create forces great enough for the skull to have increased
strength from the brow ridgesv’ 5 x 2 (10)
4. The information in the table shows that fossils of the different
organisms that are considered to have existed in the same line
as humansv” were all found in Africa. v/ (2)
[24]

10.8.4 Out of Africa hypothesis

The ‘Out of Africa’ hypothesis states that modern humans originated in
Africa and then migrated out of Africa to the other continents.

The following lines of evidence have been used to support this hypothesis:

e The oldest fossils of australopithecines/Homo habilis/bipedal
organisms have been found in Africa.

e The oldest fossils of Homo erectus have been found in Africa.

* Analysis of mutations in mitochondrial DNA shows that the oldest
female ancestors of humans are from Africa.

10.8.5 Phylogenetic trees

A phylogenetic tree (or evolutionary tree) represents the possible
evolutionary relationships among a set of organisms or groups of
organisms. The tips of the tree represent descendants (often species)
and the points where the tree branches represent the common ancestors
of those descendants.

Hints on interpreting phylogenetic trees A
Reading a phylogenetic tree is similar to understanding a family tree. The root of the tree represents the ancestor
and the tips of the branches represent the descendants of that ancestor. As you move from the root of the tree to
its tips, you are moving forward in time.
Descendants — 1 2 3 4
Recent
4— Ancestor Past
When speciation occurs, it is represented as branching on the tree.
A single ancestral lineage gives rise to two or more daughter lineages.
| 1
*~ Speciation event
4— Ancestral lineage
\_ J
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4 Each lineage has a part of its history that is unique and parts that are shared with other lineages. )

A B Cc
‘ 1 Unique history of B
- == Unique history of C
|

= = Shared history of Band C

Similarly, each lineage has ancestors that are unique to that lineage and common ancestors that are shared with other
lineages.
A B C

| ||| Unique ancestor of C
oS

Shared ancestor of B and C
- |
| Common ancestor of A, Band C

. J
Worked example
H. sapiens

Look at the phylogenetic tree in Figure | mMyd il hy mya
10.10 and read the following information: | Q_,}_ﬂ ey’ a
e Startin the past (4,5 mya) and =3 Pl

read towards the present. This o ) w

that the oldest common H. neariiggigiensis
means O _ 0.5 w05
ancestor of all the hominids on this H.erectus  H.erectus
. , (China) (S.E. Asia)

tree is A. ramidus.

» Each branch on the tree represents 10 . H. heidelbergensis 10

a point where the common ancestor

split into one, two or more groups. P~
In this case, the new species that @g ﬁq
evolves is shown as a side branch 1,5 . ,;;:uj L= [_Fﬁ'fi 15
while the original species continues ."'F H. ergaster f} \“‘L .
its evolutionary line up the trunk of i ' - P. rofitus fgpisel
the tree. For example, A. aethiopicus 2.0 H. rudolfensis H. habilis 20
forms a side branch with A. africanus '
evolving from the common ancestor
that existed at point X (this took place | £.3 ;:;\f £3
about 3 mya). A. africanus \_tk:}

* Progression up the ‘trunk of the = A. aethiopicus
tree’ represents a movement in time 3.0 x 30
from the past to the present. This
shows the relationships between the g
hominids through time. Hominids 35 (5% a5
that share a recent common
ancestor are the most closely A. afarensis
related to each other. For example, 4.0 4.0
P. robustus shares a most recent
common ancestor with P. boisei,
namely A. africanus. 45 A. ramidus 45

s

Figure 10.10 A phylogenetic tree
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Questions
Let us look at the type of questions that can be asked about this
phylogenetic tree:

1. Give the common ancestor of H. neanderthalensis and H. sapiens. (1)
2. How long ago did H. rudolfensis split from its common ancestor? (2)
3. Name the direct ancestor of H. ergaster. (1)
4. How long has it taken H. heidelbergensis to evolve from A. afarensis? (3)
5. Give the common ancestor of all the hominids. (1) [8]
Answers
1. H. heidelbergensisv (1)
2. 2,4/ million years agov'/mya (2)
3. H. habilisv/ (1)
4. 3,8 million years ago - 0,7 million years agov” = 3,1/ million
yearsy’ (3)
5. A.ramidusv (1) [8]

Q Activity 5
—

Study the phylogenetic tree in Figure 10.11 below and answer the
questions based on it.

Ay,

Presento_ %)) 2] ) (4] n 7)) [0 (73]
= S > > C C (] o C
=} Q0 Q 2 o IS = c ©
Sl 2l sl 8] 3|5z £
“IFlEl |G 2] °OR° T
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F— S
(] (@]
104 = =

x| O
()
= (@]

o 201

o)

©

0

®©

(]

>

c

S

= 304

s

40
50

Ancestral primate
Figure 10.11 Phylogenetic tree
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Questions

1. How long ago did the ancestral primate live on earth? (2)
2. Name the organism that shares the most distant common
ancestor with humans. (1)
3. Name the organism that is most closely related to humans. (1)
4. How many years ago did the New World monkeys split from the
common ancestor that gave rise to the Old World monkeys? (2)
5. For how long did the common ancestor that evolved into the
gibbons exist? Show your working. (3)
6. Humans and gorillas share many common characteristics with
primates. List THREE of these common characteristics. (3)
[12]
Answers to activity 5
1. 50v million years agov//mya (2)
2. Lemurs/ (1)
3. Chimpanzeev (1)
4. 33/ million years agov//mya (2)
5. 22 million years - 15 million yearsy” = 7+ million yearsv’ (3)
6.

e Large brain/

* Eyesinfrontv

* Freely rotating armsv/

* Long upper armsv

e Rotation around elbow jointsv’

* Bare fingertips or nails instead of claws/
e Opposable thumbv

e Upright posture/’

(any 3) (3)

[12]

“ Activity 6
=

Question 1

Give the correct biological term for each of the following descriptions.

Write only the term next to the question number (1.1 to 1.17).
1.1 The development of new species from existing species.

1.2
world.

Similar structures in different organisms indicating common
ancestry.

Having a pointed face because of projecting jaws and nose.

A group of similar organisms that can breed to produce fertile
offspring.

1.3

1.4
1.5

1.6
habitat.

1.7 Only organisms with favourable characteristics survive.

A study of the distribution of organisms in different parts of the

A group of organisms of the same species that occupy a particular

For more questions on

phylogenetic trees, refer to

these National Life Sciences

examination papers:

¢ Life Sciences Paper 2
November 2009 — Question
1.50n page 7.

e Life Sciences Paper 2
March 2009 — Question 3.4
on page 11.

e Life Sciences Paper 2
March 2010 — Question 1.4
on page 6.

¢ Life Sciences Paper 2
March 2011 — Question 1.4
on page 5.

e Life Sciences Paper 1
March 2012: Version 1 —
Question 1.4 on page 8.

Try to give
your own answers to
the terminology questions in
activity 5 before you look at
the answers on the next page!
If you do not know an answer,
try to find it in your textbook
or class notes.
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1.8 Using parents with particular desirable characteristics to obtain a

combination of these desirable characteristics in the offspring
1.9 An opening in the skull through which the spinal cord passes
1.10 Locomotion involving the use of a pair of hind limbs only

1.11 Mechanisms that prevent different species from reproducing with
each other

1.12 The study of fossils which provides evidence for evolution

1.13 Sudden change to the genetic composition of an organism

1.14 Branched diagram showing evolutionary relationships among
organisms

1.15 Remains of organisms that have existed in the past

1.16 Genus to which Little Foot, Mrs Ples, Karabo and the Taung Child
belong

1.17 Genotypic and phenotypic differences among organisms of the
same species
[17]

Answers to activity 6
1.1 Speciation/
1.2 Biogeographyv/
1.3 Homologousv
1.4 Prognathous/
1.5 Species/
1.6 Populationv/
1.7 Natural selectionv/
1.8 Artificial selectionv/
1.9 Foramen magnumy’
1.10 Bipedalv
1.11 Reproductive isolations/
1.12 Paleontologyv
1.13 Mutation/
1.14 Phylogenetic treev
1.15 Fossilsv’
1.16 Australopithecusv
1.17 Variation/
[17]

Keep going!
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Human impact on
the environment

Organisms interact with other organisms and with the environment. When
we, as humans, interact with the environment to satisfy our needs, we may
have many negative impacts on the environment through our activities.
We may pollute the land, the water and the atmosphere. We also make
demands on the earth to ensure our food security. In doing all of this we
may impact negatively on the biodiversity of our planet.

11.1 The atmosphere and
climate change

Introduction

Climate refers to the long-term weather conditions of an area. The
atmosphere is made up of nitrogen, oxygen and other gases, which include
the greenhouse gases such as carbon dioxide and methane. Greenhouse
gases absorb infrared (long wave radiation) long wave radiation emitted
from the Earth and prevent it from escaping back into the atmosphere.
This is known as the ‘greenhouse effect’.

The greenhouse effect is important in keeping the Earth warm so that it
can sustain life. However, an increase in the concentration of greenhouse
gases leads to the ‘enhanced greenhouse effect’. As a result, there may
be a significant rise in the average temperature of the surface of the Earth
over a period of time. This is known as ‘global warming’.

Increased concentration of carbon dioxide in the

atmosphere is due mainly to:

* Burning of fossil fuels (for electricity, to power vehicles and for
industrial processes): Combustion of carbon-rich fuels such as coal
or plants (wood) releases carbon that was stored in them, as carbon
dioxide.

* Deforestation: Cutting down trees and removing vegetation from the
land decreases the amount of carbon dioxide taken up by plants
during photosynthesis. This increases the amount of carbon dioxide
available in the atmosphere.

Use
mobile notes to
help you learn the
answers to the key
concepts you don't
know.
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Increased concentration of the methane in the atmosphere

is due mainly to:

* The increased number of landfills: decaying organic matter in
waterlogged soils such as landfills releases methane.

* The increased number of livestock: ruminants such as cows release
methane gas through their digestive tracts.

*  Mining of coal.

Increased temperatures may lead to:

* More evaporation of water which can lead to increased precipitation
which eventually increases the potential for flooding.

* Rising sea levels caused by melting ice in the glaciers which can
eventually increase the potential for flooding.

* Increased wildfires that increase the chances of soil erosion and
eventually desertification.

* Increased loss of biodiversity, as species are unable to cope with
rapidly rising temperatures, eventually leading to desertification.

* Increased droughts in some areas leading to desertification and food
insecurity.

Carbon footprint

This is a measure of the total amount of carbon dioxide emissions of an
individual, a defined population or a company per year.

Strategies to reduce the carbon footprint include the

following:

* Reuse and recycle: less fossil fuels burnt in the production of some
of the material.

* Drive less: by using public transport, walking, bicycles.

* Reduce the need for heating: insulating walls and building energy
efficient homes.

e Carbon offsetting: by using alternative energy (solar and wind) and
reforestation to act as a carbon reservoir.

* Technological developments: decrease the amount of energy
needed for production/decreasing the dependency on carbon
emitting fuels.

Destruction of the ozone layer

Ozone is a greenhouse gas that is found at low concentrations 15 - 50 km
above the Earth’s surface. It absorbs the ultraviolet rays from the sun. The
ultraviolet rays damage the DNA and cause skin cancer. Measurements in
certain areas have shown a significant decrease in the amount of ozone
layer. The damage to the ozone layer is caused mainly by chemicals called
CFCs (chlorofluorocarbons), released by refrigerators, aerosol sprays and
fast-food packaging.

If the measures to reduce the destruction of ozone layer fail:

* There will be a significant increase in the number of skin cancer
cases.

* Ultraviolet rays reaching the Earth’s surface may cause permanent
damage to our eyes.
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Q Activity 1
S

Questions

1. Figure 11.1 below shows the averages of carbon dioxide
concentration in the atmosphere since January 2009, as measured
at the Mauna Loa Observatory in Hawaii.

400

w
©
[

w
03}
&)

Carbon dioxide (CO,) concentration
in parts per million (ppm)
w
©
o

380 ; s .
2009 2010 2011 2012 2013

Time (Years)

Figure 11.1: Average carbon dioxide concentration in the atmosphere since
January 2009, at Mauna in Hawaii

1.1 Describe how deforestation could lead to an increase in the

carbon dioxide concentration in the atmosphere. (2)
1.2 Mention ONE human activity that might have led to the increase

in carbon dioxide concentration as seen in the graph. (1)
1.3 What was the carbon dioxide concentration in the atmosphere

in July 20127 (2)
1.4 What is the dependent variable in this investigation? (1)
1.5 Explain how the excess carbon dioxide in the atmosphere

could lead to climate change. (4)
1.6 Mention ONE way in which humans can reduce the amount of

carbon dioxide released into the atmosphere. (1)

[11]

Answers to activity 1
1. 1.1 Cutting down of trees decreases the amount of carbon
dioxidev taken up by the plants during photosynthesisv” (2)
1.2 Burning of fossil fuelsv’ (1)
1.3 393,5/ ppmv/ (2)
1.4 Carbon dioxide concentration in ppmv’ (1)
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Answers to activity 1 (continued)
1.5« Carbon dioxide is a greenhouse gasv’
* which absorbs long wave radiation emitted from the
Earthv
e and prevents it from escaping back into the
atmospherev'.
* Anincrease in the concentration of carbon dioxide leads
to an increase in the greenhouse effect/,
e which may result in global warming/. (any 4)
1.6 « Drive lessv///use public transport, walking, bicycle more
¢ Reduce the need for heating by insulating wallsv’
e Building energy efficient homesv/
e Use alternative energy sourcesv (solar and wind)
¢ Reforestation/'to act as carbon reservoir

¢ Reuse and recycle/ (any 1)
[11]
Q Activity 2
—w
Questions

1. Aninvestigation to measure the ozone concentration and the
chlorine levels has been done in Antarctica since 1950 and the
results are shown in the graph below:
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1.1 Give a caption for the graph. (2)
1.2 What is the relationship between the levels of chlorine and
the concentration of ozone? (2)
1.3 Name the dependent variable(s) in the investigation. (2)
1.4 In which 10-year period was the ozone depletion the
greatest? (1)
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1.5 In 1987 the Montreal Protocol was signed to lay down targets
to reduce the use of CFCs by countries. Give TWO reasons why,
despite a reduction in the use of CFCs, there was still a decline

in the ozone layer. (2)

1.6 Name ONE item that humans were using which contained
CFCs. (1)
1.7 Explain why the ozone layer is important for humans. (2)
[12]

Answers to activity 2
1. 1.1 Changes in the levels of chlorine and ozone concentrationy

from 1950 to 1990/ (2)
1.2 An increase in the level of chlorine /leads to a decrease in

the ozone concentrationv/ (2)
1.3 Chlorine levelsy

Ozone concentration/ (2)
1.4 Between 1970 and 1980/ (1)

1.5 CFCs might persist for a long time in the atmospherev/
Other countries might have taken longer to implement the

protocolv/
Households were still using existing items with CFCsv/
(any)(2)
1.6 Aerosolsv
Refrigeratorsv/
Food packaging/ (any)(1)
1.7 The ozone layer provides protection against ultraviolet raysv/,
thus reducing the chances of getting skin cancerv/’ (2)
[12]

11.2 Water quality and water
availability

It is estimated that as many as 2 billion people won't have sufficient
access to clean water by 2050. This figure is expected to rise to 3.2 billion
by 2080 — almost three times the number of people who now do without
water. There are many efforts directed towards making good quality water
available.

11.2.1 Availability of water

The availability of water may be influenced by the following factors:

Construction of Dams

* The construction of additional dams plays a major role in increasing
the quantity of water stored and made available for later use by
people and in agriculture.
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Destruction of wetlands

¢ Wetlands should not be destroyed because they influence both the
availability and quality of water.

Water wastage

* Alarge amount of water used for irrigation is lost due to poor farming
practices. Open drain irrigation leads to loss of water by evaporation.
The use of water for irrigation further up a river decreases the
availability of water for other users lower down the river.

* Availability is also affected by wastage of water through leaking taps
and toilets and faulty pipelines.

e Wastage of water can be reduced by reducing the pressure in the
pipes, by educating people to use water wisely and by maintaining all
plumbing in good condition.

Cost of water

* The cost of water is influenced by costs involved in increasing the
availability and quality of water.

e The cost per kilolitre (kl) of water increases with the increased use of
water. This is meant to discourage over-use of water, thus allowing for
its sustained use.

e Acertain amount of water is available free to all citizens to ensure
that water is available to the poorest.

Poor farming practices

¢ Contamination of water sources by fertilizers and pesticides has
decreased the amount of clean water available, thus increasing the
costs involved in purification.

e Over-grazing leads to soil erosion. On land that is eroded, water runs
off rapidly rather than soaking into the ground, and is thus wasted.

Droughts and floods

* During periods of drought, water availability decreases. Water used
from dams during the drought periods cannot be easily replaced.

* Natural vegetation can hold back water from floods. If the natural
vegetation is removed, flood waters are lost.

Boreholes and their effect on aquifers

e Boreholes have been used to increase water availability in areas that
do not have direct access to other sources of water.

e Constant use of boreholes eventually leads to the drying up of
aquifers (the source of borehole water) thus decreasing water
availability in the future.

Water recycling

¢ The availability of water can be increased if existing water is used
for more than one purpose. For example, some water used in the
household can be used for the garden. Sewage water can be treated
and used again.
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Exotic plantations and the depletion of the water table

* Some exotic plants use a large quantity of water from the ground.
As a result, this decreases the level of the water table, making less
water available to other vegetation in the area.

11.2.2 Quality of water

The quality of water may be influenced by the following factors:

Eutrophication and algal bloom

*  Water used for agriculture may contain pesticides, herbicides and
fertilizers which pollute the water in rivers, dams and lakes,
causing eutrophication. The added nutrients lead to an increase
in algal growth (algal bloom). These algae over-use and thus deplete
the oxygen in the water, thus reducing the potential for life in such
water.

Thermal pollution

¢ Thermal pollution refers to the heating of water caused by the use of
water for cooling in power-stations and industries.

* The quality of water is affected because heated water has a lower
oxygen content, making it difficult to support life.

Pollution of water through domestic, agricultural and

industrial use

* After water is used for domestic purposes it may contain detergents
(such as from washing) and pathogenic bacteria (such as in
sewage). This polluted water has to be treated before it can be used
again.

e After water is used for industrial purposes it may contain many heavy
metals, oil, heat and fertilizers. This adversely affects the quality of
the water and all life that depends on it.

e Fertilisers and pesticides may run off into rivers, ponds and dams
and pollute the water.

Mining

*  Water returned to the environment from mines is generally acidic
and toxic. This water is hot and thus also contributes to thermal
pollution.

Alien Plants

¢ Alien invasive water plants block the waterways, reducing light to
other aquatic plants. These plants eventually die and decompose.
Bacteria that decompose these plants eventually deplete the oxygen
supply in the water.

Water purification

* The quality of water is improved through purification methods.
Undrinkable water can be made drinkable.
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Q Activity 3
g

Questions

1. A group of learners conducted an investigation to determine
the average amount of water used by a household for different
purposes. They collected data on water-use from 5 families in their
neighbourhood. The results are shown below.

Purpose for which water is used Average amount of water used (%)
Toilet flushing 30
Baths and showers 25
Gardening 15
Washing clothes and dishes 20
Cooking and drinking water 10

1.1 Identify the:

a) Dependent variable (1)
b) Independent variable (1)
1.2 State TWO ways in which the reliability of the results can be
improved. (2)
1.3 Draw a pie-chart to represent the data in the table. Show all
calculations. (7)
1.4 Describe ONE advantage of making the results of the survey
available to the various households that participated. (2)
[13]

Answers to activity 3

1.1 a) Average amount of water usedv/ (1)
b) Purpose for which water is usedv’ (1)
1.2 « Repeat the investigation/
e Select the households randomlyy/
¢ Increase the number of households involved in the
investigationv/ (any 2)
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Answers to activity 3 (continued)

1.3 Calculations for proportions of slices in the pie-chart

Purpose for which water Working Proportion
was used (degrees)
Toilet flushing 30 360 108
100
Baths and showers 25 360 90
100
. 15
Gardening 100 360 54
Washing clothes and dishes 20 360 72
100
. o 10
Cooking and drinking water 100 360 36

Average amount of water used by a
household for different purposes

Cooking and
drinking water
10%

Toilet
flushing
30%

and dishes
20%

Bath and
showers
25%

Gardening
15%

1.4 Owners can identify the areas of greatest water usev/ to
allow them to then develop strategies to reduce water use

in that areav’ 2)
[13]
“ Activity 4
=
Questions
1. Describe how alien plants may reduce both the availability and
quality of water. (4)
2. Describe how poor farming practices may reduce both the availability
and quality of water. (4)
(8]
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Answers to activity 4

1. « Alieninvasive plants may use water excessivelys/” and thus
reduce the amount of water available for the natural
vegetations/ of an area (2)

* Alien invasive water plants block the waterways, reducing
light to other aquatic plantsy. These plants eventually die
and decomposev'. Bacteria that decompose these plants
eventually deplete the oxygen supply in the water/”.  (any) (2)

2. « Over-grazing leads to soil erosion/. On land that is eroded,
water runs off rapidly rather than soaking into the ground//,
and is thus wasted. (2)

e The use of fertilizers and pesticides may pollute nearby
dams, ponds and riversy” thus reducing the quality of

water available/ (2)
[8]
Q Activity 5
e
Questions

1. Read the article below entitled ‘Durban to Recycle Sewage water into
Drinking Water’.

Durban to Recycle Sewage water into Drinking Water

Durban plans to become the first SA city to purify and recycle sewage
water into drinking-quality tap water. The city is also carrying out a
feasibility study on purifying seawater.

Water is going astray in Durban because of leaks and theft. The city
recently spent millions of rand replacing large sections of old, leaky
pipes and reduced pressure levels in several areas to curb leaking.
Although a large new dam, Spring Grove, was being built near Mooi
River, this would not relieve the water supply risk to an acceptable
level in the short term.

Windhoek had been partially reliant on recycled sewage-to-tap water
since 1968. ‘Crucial to this public acceptance is Windhoek’s 42 -year
record of no waterborne disease outbreaks and no negative health
effects attributable to drinking reclaimed water.’

According to eThekwini’s water department, there would be at least
three safety barriers to ensure the quality of treated effluent. The
semi-treated clear water would be pumped at high pressure through
ultra-filtration membranes that removed suspended and dissolved
solids, and bacteria. This water would then be filtered through tiny
pores. The final stage involved ultra-violet light disinfection.

As a further safequard, all purified effluents from the two new
Durban plants would be stored for at least 12 hours after treatment
so that final samples could be taken for testing before the water was
released into tap supplies.

The Mercury - 15 March 2012
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1.1 List FIVE different strategies referred to in the article intended

to increase the availability of clean drinking water. (D)
1.2 Describe THREE arguments used in the article to convince the
reader about the safety of recycled sewage water. (6)
1.3 List THREE processes that will be used to ensure that the
recycled sewage water will be fit for human consumption. (3)
[14]

Answers to activity 5
1.1 . Recycling sewage water/

*  Purifying sea water/
* Replacing old, leaky pipesv’
* Reducing water pressure/

e Building new damsv (5)
1.2 « No outbreak of water-borne diseasesv” in Windhoek for
42 yearsv

e 3 safety barriersv/ to ensure the quality/” of treated effluent
* Stored for at least 12 hoursy/ allowing sufficient time for
repeated testing/ (6)
1.3 « Pumped at high pressure through ultra-filtration membranesy
to remove suspended and dissolved solids and bacteria
e Filtration through tiny poresv’
e Ultra-violet disinfectionv’ (3)
[14]

11.3 Food security

Food security refers to the access, by all people at all times, to adequate,
safe and nutritious food for a healthy and productive life. Food security
may be influenced by the following factors:

Exponential growth of the human population

* The world’s population is growing at an exponential rate (very rapidly)
and as a result some countries cannot produce enough food to
feed their growing population. Food production needs to increase
as rapidly as the world population; otherwise many countries will
experience food insecurity.

Droughts and floods

¢ Climate change has led to more frequent and severe droughts and
floods. Droughts result in crop losses and livestock death which
reduce the food available in an area. Floods cause extensive damage
in a short period of time and decrease the amount of farmland
available to grow crops. People also usually lose their homes,
possessions and economic security during floods, further impacting
on food security.
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Poor farming practices - monoculture, pest control, loss of

topsoil and the need for fertilizers

* Monoculture is the growing of one type of crop over large areas
of land year after year. Monoculture depletes nutrients and water
supplies and therefore impacts negatively on the quality of the
topsoil.

¢ Pest control involves the use of pesticides (chemicals) to kill pests
that compete with humans for food. Pesticides may kill or get into the
tissues of healthy plants. This may reduce crop production and, since
pesticides are expensive, increase the cost of food and thus reduce
access to poor consumers. Many farmers now use biological control,
which uses a natural predator/parasite to get rid of the pest instead
of using expensive pesticides.

¢ Topsoil is the top 1.5 metres of soil that contain the nutrients that
plants require for growth. The tilling of the soil between plantings and
heavy rainfall cause much of the topsoil to be lost, leading to the loss
of valuable nutrients over time, reducing crop yields.

* The use of fertilizers, both inorganic (chemical) and organic
(compost and manure) can increase the nutrients in the soil and
keep soil fertile. This replaces nutrients in the soil that are lost when
crop plants absorb them. Fertilizers can be expensive, contributing to
the high cost of food, thus reducing access to poor consumers.

Alien plants and reduction of agricultural land

* Alien plants deplete the topsoil of water and nutrients. These alien
plants out-compete indigenous plants because they have no natural
predators, grow rapidly and invade land that could be used to grow
crops.

The loss of wild varieties and the impact on gene pools

e Crop plants have replaced wild varieties. The preservation of wild
varieties is important because, if changing environmental conditions
destroy the present crop plants, then wild varieties could be used
as alternative sources of food. If wild varieties are wiped out, it will
reduce the genetic diversity and thus the gene pool.

Genetically engineered food

* Genetically engineered food is produced from genetically modified
organisms (GMOs). Genetic engineering involves the inserting of a
gene (with a desired characteristic) from one organism into another
organism to increase the yield. For example, a gene for drought
resistance could be inserted into a crop plant that grows in areas
where water is scarce.

Food wastage

e Wastage could occur during the storage, production and processing
of food. Wastage includes food thrown away and food not eaten.
Wastage increases the prices of food to consumers and could reduce
food security in a country.
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“ Activity 6
—y

Questions
1. Study the table below and answer the questions that follow.

Country/Region Total | Developed/ Food loss and waste per
(kg) | Developing person per year
Regions
At the By
production consumers
and retail (kg)
stages(kg)
Europe 280 | Developed 190 90
North America and 295 | Developed 185 110
Oceania
Industrialized Asia 240 | Developed 160 80
Sub-Saharan Africa | 160 | Developing 155 5
North Africa, West 215 | Developing 180 35
and Central Asia
South and 125 | Developing 110 15
Southeast Asia
Latin America 225 | Developing 200 25

Adapted from CUP Biology: Jones and Jones, 2010

1.1 For Sub-Saharan Africa, calculate the food wastage by

consumers as a percentage of the total food waste. (3)
1.2 Suggest a reason for this low percentage calculated in
QUESTION 1.1 above. (2)
1.3 Explain the differences in the pattern of food wastage in
developed and developing regions. (4)
1.4 State TWO possible ways of preventing the high levels of food
waste that are found in the developed countries. (2)
[11]

2. The following questions relate to the factors that threaten food
security in a country.
2.1 Give ONE reason why there has been an increase in the
demand for food over the years. (1)
2.2 State one way in which the use of each of the following helps
to increase food productivity:

a) Pesticides (1)
b) Fertilizers (1)

2.3 Describe how the use of pesticides could destroy food
chains. 2)

2.4 Explain why GMOs may be considered a threat to food
security. (3)
[8]
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Answers to activity 6

1. 1.1 Food Wastage in Sub-Saharan Africa
5/160v x 100V = 3.1%v (3)
1.2 Access to food is scarce and the food that is available is
either provided by international aid agencies or subsistence
farming/. Very little food is bought and even less is bought
from supermarkets.v” There is no food left over to waste.v/
(any 2)
1.3 In developed regions: buy food from markets, shops and
supermarkets, often in excess of their requirements and

will throw unused food away.v/” The markets, shops and

supermarkets will also throw away unsold food.v’

In developing regions: people will depend more on small, local

sources of food,v” have less food security and will not have

food in excess of their needs.v’ (4)

1.4 Possible ways to reduce food waste include:

* Prevention - prevent consumers from throwing away food
or stop them from producing/buying more food than they
needv’

* Plan what you need before you shop and reduce impulse
and spontaneous buyingy/

¢ Understand how to store and preserve foodv

* Ensure that unused food is used in some way - e.g. give
to the poor, animal feed, compost heaps.v/

e Education/ (any 2)

[11]

2. 2.1 There has been a rapid increase in the human populationv// (1)
2.2 a) Pesticides kill the pests which destroy the cropsv (1)
b) Fertilizers increase nutrient content in the soilv (1)
2.3 Secondary consumers e.g. birds can eat the pests with the
poisony/, which can kill the birdsv” thereby decreasing the
population size of birdsv
OR
The pest can become extincty/, and the population size of
the secondary consumer feeding on the pest will also
decreasev/ (any 1 x 2) (2)

2.4 . Loss of flora and fauna biodiversity by inbreeding of
GMOsv
e Entire species could be wiped outv if exposed to
diseasesv” (no variation in the population)/GMOs will
have no resistance to the diseases (3)
[8]
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11.4 Loss of biodiversity

Biodiversity refers to the variety of plant and animal species on Earth.
Biodiversity ensures that we have food, fresh water, medicines and fuel
that we obtain from our environment. It also ensures that the climate is
regulated, floods are controlled (wetlands), diseases are kept in check
(predators eat the sick animals) and water is purified (filtering by wetlands).
Biodiversity ensures that seeds are dispersed, nutrients are cycled (e.g.
nitrogen and phosphorus) and oxygen and soil continue to form. It also
helps improve our quality of life by providing us with forms of recreation
and ecotourism. As biodiversity declines, these things do not occur as they
should and the survival of humans becomes threatened.

11.4.1 Factors that reduce our
biodiversity

Habitat destruction through:

Farming methods

Monoculture: Monoculture is the growing of one type of crop over large
areas of land year after year. Monoculture replaces indigenous plants and
reduces biodiversity. Insects that specialise in feeding on one type of crop
spread rapidly because there are no natural enemies or barriers to stop
them. This means the farmer needs to use more pesticides to kill them.
Intensive use of agrochemicals such as fertilisers and pesticides often end
up in rivers, streams and groundwater, poisoning species in the area and
causing eutrophication. This results in a large loss of biodiversity.

Overgrazing: It occurs when livestock such as sheep or cattle are kept in
an area for too long; the vegetation is grazed to a point where it will not
grow back. It causes soil erosion by removing the plants that bind the soil
together with their roots. Topsoil is lost during rainstorms. This can lead to
the extensive destruction of land through desertification which results in
loss of biodiversity. Sometimes overgrazed land becomes subject to alien
plant invaders which destroy habitats by taking over the land.

Golf Estates

Developments such as golf estates are a form of monoculture that requires
large amounts of water, pesticides and fertilisers which may runoff and
poison aquatic ecosystems. Housing associated with golf developments
replaces large areas of natural vegetation.

Mining

Mining alters the environment and can negatively affect the biodiversity
in an area. Pollutants in the form of dust and smoke may be released
into the air while vegetation is removed and replaced with rock and waste
dumps. Underground water may be poisoned because of sulphates and
heavy metals released into them.

Urbanisation
The growth of large cities (urbanisation) also negatively impacts on
biodiversity. Surfaces are covered with concrete, and natural habitats are
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destroyed to build houses and businesses. Habitat fragmentation causes
the loss of biodiversity, as natural plants are replaced by exotic trees and
plants.

Deforestation

Deforestation is the permanent destruction of indigenous forest and
woodland areas. Deforestation is caused by human activities such as
agriculture, logging, and using trees as firewood. Deforestation leads to
the destruction of the habitats of other organisms, like frogs and insects,
and this leads to the loss of biodiversity.

Loss of wetlands and grasslands

Grasslands and wetlands have unique plant and wildlife and provide many
ecological services to humans. Destruction of these habitats will lead to
the loss of species.

Poaching

Poaching refers to the illegal hunting of animals, either for food or because
certain body parts can be sold for money. ‘Poaching’ may also be applied
to plants that are removed and sold for profit e.g. medicinal plants. Some
wild animals are hunted for food (‘bush meat’) and are on the verge of
extinction. Elephants are poached for their tusks to make carvings and
jewellery and rhinos are hunted for their horns which are used in the Far
East for medicinal reasons.

Alien plant invasions

These plants are species that have been introduced into an area and
which compete with the natural plants in the area. They can outcompete
indigenous plants, thus reducing the biodiversity.

11.4.2 Ways in which our biodiversity
can be maintained

Control of alien plant invasions

Alien invasive species may be controlled by mechanical, chemical and
biological methods. Mechanical methods involve chopping down plants or
physically removing them by hand and is very time consuming. Chemical
control involves spraying herbicides onto the plants; this can pollute the
environment and is expensive. Biological methods involve introducing
a natural enemy from the alien plant’s environment and allowing it to
reproduce and feed on the invasive plant.

Sustainable use of the environment

Sustainable use of the environment means using resources without
harming the ability of future generations to use that resource. Substances
from indigenous plants such as the African potato, Hoodia, rooibos and
Devil's claw all have economic and medicinal value. These indigenous
plants can be used sustainably by encouraging traditional healers to grow
their own plants and through improving education of the women who
generally gather the plants in the wild. Encouraging traditional healers to

© Department of Basic Education 2014
98 CHAPTER 11 HUMAN IMPACT ON THE ENVIRONMENT (PAPER 1) Mind the Gap CAPS Grade 12 Life Sciences



be part of formal medical programmes would encourage training to be on-
going and help establish sustainable use of medicinal plants. Legislation
should be passed to limit the numbers of plants that can be harvested at
one time and seeds of medicinal plants could be collected and distributed

to increase plant numbers.

Q Activity 7
—

Questions

1. Study the following table showing a summary of the rhino poaching
incidents in South Africa from 2006 - 2010.

Province © ~ [00] o o =
o o o o o 8
o <) o o o 5]
S 5 1] 3| 1 -
Kruger National Park (part of | 17 10 36 50 109 | 222
Limpopo)
Gauteng 0 0 0 7 15 22
Limpopo 0 0 23 16 37 76
Mpumalanga 2 3 2 6 12 25
North West 0 0 7 10 44 61
Eastern Cape 0 0 1 3 2 6
Free State 0 0 0 2 3 5
KwaZulu-Natal 5 0 14 28 23 70
Northern Cape 0 0 0 0 2 2
Total lllegally hunted 24 13 83 122 | 247 | 489
1.1 How many rhinos were illegally hunted in 20097 (1)
1.2 Suggest THREE ways in which the poaching of rhinos can be
stopped. (3)
1.3 Describe the general trend observed in the table. (2)

1.4 By what percentage did the poaching of rhino incidents
increase in North West from 2008 to 20107 Show all working. (3)
1.5 Use the data in the table and draw a bar graph to show the
number of rhinos poached each year from 2006 to 2010 in

South Africa.

(7)
[16]

Read the following passage on Rooibos (Aspalanthus linearis) and
answer the questions that follow.

The Rooibos plant is used to make herbal tea. South Africa is
the only commercial grower of Rooibos plants in the world.
Rooibos tea is a caffeine-free beverage with health and medicinal
benefits. Some of the benefits of drinking Rooibos tea are: it has
a calming effect, it helps with digestion problems and it helps with
infant colic.
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2.1 Describe TWO ways in which over-exploitation of plants, such
as Rooibos, impacts on other life forms and the environment. (2)

2.2 Describe THREE strategies that could be used to prevent the
over-exploitation of plants such as Rooibos. (3)
[5]

Answers to activity 7

1. 111227/ (1)
1.2 « Rhino horns must be sawn off v/
¢ Implant a ‘Pro Tag Device’ to monitor movement of the

rhino v/
* Institute heavy penalties like imprisonment instead of
fines v (3)
1.3 Rhino poaching v has increased v from 2008 to 2010 (2)
1.4 % /% &10 / =62853% / (3)
1.5
Rhino poaching incidents in South Africa from 2006 - 2010
300 A
8
C
,8 250 -
o
£
a0 200 A
£
<
(&)
S 150
o
o
£ 100 4
<
o
© 50 -
(]
Ko}
E o [ | )
=z 2006 2007 2008 2009 2010

Time (Years)

(7)
[16]

2.1 . Plants can become extinct v//leads to loss of biodiversity

e Food chains/webs can be destroyed v

* Could lead to degradation of the environment v/

* Erosion of ground surface if too many plants are
removed v

* Increase run-off of water v/

* Alien plant invasion v'in the habitats from which the
plants are removed

e Upset the balance of oxygen and carbon dioxide v//global
warming if too many plants are removed (any 2)
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Answers to activity 7 (continued)
2.2 « Sustainable harvesting v/

¢ Impose quotas v//limit numbers

e Limit area v'where plants are harvested

e Limit size of plants harvested v/

¢ Limit time/seasons of collection v/

¢ Research done to look at reproductive cycle v /alternative
source of active ingredient/cloning

* Legislation to control harvesting v/

e Permits to control harvesting v/

¢ Monitoring of harvest v/

* Penalties vfor breaking legislation

e Education v//campaign on the impact and consequences
of over-exploitation

e Establish nurseries v/seed banks - to replace plants

harvested
* Establish more nature reserves v to conserve indigenous
plants (any 3)

(5)

11.5 Solid-waste disposal

Solid waste is any solid material that is of no use to humans and which
needs to be disposed of in a safe and environmentally friendly way.

Managing dumpsites for rehabilitation and prevention of
soil and water pollution

The simplest and most cost effective way of disposing of solid waste is to
bury it in landfill sites. A landfill site is a hole where solid waste is dumped
and then covered by soil. However, this way of disposing of solid waste
contributes to soil and groundwater pollution because rain seeps through
the waste to produce a toxic substance called leachate. To prevent the
toxic leachate from reaching the groundwater, a plastic liner is placed
under the dumpsite area.

Rehabilitation of landfill sites occurs before they are closed down.
This involves the covering of the old landfill site with clay soil, which is
impermeable to water, and then it is covered with topsoil. Grass or other
vegetation is then planted on the old landfill site. The growth of the plants
stabilises the area and the old landfill site may be used as a recreational
area such as a park or a golf course.

The need for recycling

Various methods may be used to manage solid waste, they include the

reduction of waste, re-using waste and recycling of waste.

* Re-using waste products includes re-using plastic shopping bags,
re-using glass and plastic containers - this helps to reduce the waste
produced.

* Recycling is a process whereby used materials/waste products are
recycled to make new products, for example plastic, glass, tin and
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paper. The advantage of recycling is that it provides employment,
reduces the use of raw materials and energy, and reduces air, ground
and water pollution.

Using methane from dumpsites for domestic use: heating
and lighting

Methane is a gas produced as a result of the decomposition of organic
waste. The methane gas can be used as a fuel. Methane can be collected
from landfill sites and used to generate electricity for domestic use - heat
for cooking and electricity for lighting.

Safe disposal of nuclear waste

South Africa also uses radioactive material such as uranium to power its
nuclear power station at Koeberg in the Western Cape. Unfortunately, a
by-product of using uranium is nuclear waste that is still radioactive and
therefore dangerous to living organisms. The nuclear waste is stored in
thick steel drums and buried in trenches at special protected sites.

a Activity 8
=

Questions

1. State FOUR strategies you would use to manage solid waste if you
were appointed as the head of the waste disposal division of your
town. (4)

2. The following table shows the total amount of solid waste and the
amount of recyclable material dumped in a South African city landfill
site over a number of years.

YEAR TOTAL AMOUNT OF SOLID AMOUNT OF RECYCLABLE
WASTE MATERIAL IN SOLID WASTE
(MILLIONS OF TONS) (MILLIONS OF TONS)
2003 1,49 0,78
2004 1,59 0,82
2005 1,80 1,20
2006 1,93 1,30

2.1 Describe the general trend in the total amount of waste
produced and the amount of recyclable materials dumped
from 2003 to 2006. (2)

2.2 Explain TWO advantages of recycling. (4)
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3. The graph below shows the percentages of various types of waste
found on the grounds of a school.

60

50

40 -~

30 -~

20 -

10 -~

Amount of waste (%)

Paper Plastic Organic Aluminium Glass
matter cans bottles
Type of waste

3.1 Draw a table to illustrate the percentages of waste shown in
the graph above. (5)
3.2 The school wants to manage the large amount of waste
generated on a daily basis. They decide to recycle the waste.

3.2.1 Define ‘recycling’. (2)
3.2.2 Give TWO reasons why the recycling of waste is

advantageous. (2)

[19]

Answers to activity 8

1. « Investigate methods to collect and utilise methane gas as
a fuel v/
* Encourage citizens of the city to sort their waste v into
different waste containers
e Partner with recycling companies for improved collection of
different wastes v
e Institute fines v for people that do not separate the waste
into different bins
* Educate people to use organic waste v for example to make
compost
* Encourage recycling /of items such as papers, tins, glass
* Encourage citizens to reuse v items such as glass
* Penalties/charge people extra if they generate more waste v/
(any 4)
2. 2.1 Both v the total amount of waste produced and the
amount of recyclable material increased v from 2003 to
2006 (2)
2.2 « People collect and sell waste at buy-back centres v
and therefore benefit economically v/create own jobs
* People who collect waste and take it to recycling depotsv’
contribute to sustainable use of materials v/
¢ Recycling saves energy v and therefore reduces the
amount of energy used to make new products v (any 2 x 2)
(4]
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Answers to activity 8 (continued)

3.
3.1 Percentages/amount of each type of waste on the school
grounds
Type of waste Percentages (%)
Paper 40
Plastic 30
Organic matter 5
Aluminium cans 15
Glass bottles 10
()
3.2
3.2.1 The process by which waste materials/” are treated
in such a way that they can be used againv//
reused (2)
3.2.2 . To avoid over-exploitation of the limited natural
resourcesv’

* To save/raise moneyv//(create jobs)
* To reduce the amount of waste material///cleaner
environment
* Less energyv/ used/Reduce carbon footprint
* Fewer landfill sitesv (any 2) (2)
[19]

Keep going!
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Chapter @

Skills

12.1 Drawing graphs You need

to kmow how to draw

Graphs and charts condense large amounts of information in a format these four different
graph types.

that is easier to understand, showing important points clearly and

effectively.

1. Line graphs show the relationship between two types of information
where the independent variable is continuous. Line graphs are useful
in showing trends over time and are often used for biological data.

2. Bar graphs show different categories of data and are used when
the independent variable is not a set of continuous numbers or
continuous groups (discontinuous data). They are best used to
compare values across categories.

3. Histograms have connected bars displaying continuous data.

They are used when the values of the independent variables are
continuous but fit into categories or groups that follow on after each
other.

4. Pie charts are circular charts used to compare parts of the whole.
They are divided into sectors that are equal in size to the quantity
represented. They are used for discontinuous data.

12.1.1 How to draw a line graph

Step 1

Identify the dependent and the
independent variables from the
information you are given (usually in table format).

* Dependent: This is the variable or factor that is being
measured, i.e. the temperature in degrees Celsius in
this example. 0 16

* Independent: This is the variable that the investigator
can change. The dependent variable changes as the 5 24
independent variable changes, i.e. the time in hours 9 28
in this example.

Time (hours) Temperature (°C)

The 13 26
independent variable
is usually given in the 17 21
% g first column of the
%, table. 20 19
ey i N o 24 17
= ¥ L
= Jl
-'I.lll". . Table 12.1 Air temperature recorded
i i over a 24 hour period
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Step 2

Draw a set of axes and label the X and
Y axes. The dependent variable goes on
the Y-axis and the independent variable on the X-axis.
Include the unit in each label, e.g. temperature in °C
and time in hours. Do NOT forget to label the axes.

Step 3

Choose a scale for the X and the Y axes.
Make sure that the scale includes the
highest numbers in the table for each of the variables.
Do not use the values for the Y-axis directly from the
table unless they have regular intervals.

30
25
20
15
10

5

0

Temperature (°C)

I 1
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hours)

Figure 12.2 Draw the axes and choose a scale

The
independent
variable must be
plotted on the
X-axis

[ T T T | | | A'\.
0 5 9 13 17 20 24 |X-wrong \
|
Step 4 __ 304 .
Place a dot at the point where the two g 25 4o . - -
values for each result intersect (meet). o 20 i .
In the example, the point where 5 hours and 24°C g 15 : L
intersect on the graph is indicated by the second dot on E_ 10 '
the graph. Plot all the points using the information in € & :
the table. 2 o i

Step 5
Join the dots using a ruler until all the
dots have been joined in sequence.

0 2 4 6 810 1214 16 18 20 22 24
Time (hours)

Figure 12.3 Plot the points on the graph and join
them

Step 6
Give the graph a heading or caption.
The heading or caption should include
both variables. In this case both air temperature and
the time period of 24 hours must be mentioned in the
heading.

If the graph has
two lines on it, then you
should draw a key to show
what the different lines represent.
For example if there was another
line on this graph for rainfall, then
your key might look like this:
KEY
temperature

rainfall

N W
o O
1 1

20 A

[N
(&)}

Temperature (°C)
[N
o

o1

0

0 2 4 6 810 12 14 16 18 20 22 24
Time (hours)
Figure 12.4 Final line graph with heading
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12.1.2 How to draw a bar graph

Steps 1to 3

To draw a bar graph, you follow the same
first three steps that you followed to draw
a line graph. Use the table to identify the dependent
and independent variables. Draw the axes and choose a
scale. Note that there will be no units when labelling the
X- and the Y-axes in this particular graph.

Point number Number of organisms
1 10
2 12
3 8
4 8
5 4

Table 12.2 Number of organisms found in the water at
different points along a river

Number of oragnisms

0 1 2 3 4 5
Point along the river

Figure 12.5 Draw the axes and choose a scale

Step 4

Draw a bar to show that 10 organisms
were found at point number 1 on the
river. Then draw bars to represent the
number of organisms found at each of the points along
the river.

Since this is a bar graph, the bars should not touch as
the points along the river have no direct relationship
with each other.

10 7
8 -
6
4
2
0 I | 1 I 1 I 1 I 1

0 1 2 3 4 5
Point along the river

Figure 12.6 Draw the first bar

Number of organisms

Step 5
Give the graph a heading or caption.
See step 6 under the line graph for

instructions how to give your graph a
heading or caption.

Note the following:

* The spaces between

the bars should all be
the same width.

» The bars themselves

| e
SO should all be the
o ,..; ~ I\ same width.
d -_?__ ! _.'I 1‘1
.I.'. . .__.'" fie |
! _‘_,.-"' e ¥ -
o -

Bar graph to show the number of
organisms at different points along a river

0 12 4
€

9 10 -
)

c 87
(=] 6 4
G

- 4
2 5
g i
> 0

0 1 2 3 4 5
Point along the river

Figure 12.7 Final bar graph with heading
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12.1.3 How to draw a histogram

A histogram is drawn in exactly the same way as a bar graph. The only difference is
that a histogram is used when the independent variable is groups of information along
a continuous scale. Note that in a histogram, the bars are drawn without any
spaces between them. Use the information in Table 12.3 below to draw a histogram.
Your graph should look like the one in Figure 12.8 below.

Range (%) Number of pupils
0-19 0
20-39 5
40-59 11
60-79 16
80-100 3

20
15
10

Table 12.3 Number of learners with a particular percentage (%) score

Number of learners in each
percentage range

Number of pupils
o o

1

I I 1 I
0-19 20-39 40-59 60-79 80-100
Data range (%)
Figure 12.8 Final histogram with heading

NOTE:

When the independent variable is continuous data (an infinite number of values are
evenly distributed), we use a line graph or histogram.
When the independent variable is discontinuous data (a fixed number of values that
do not form an ordered scale), we use a bar graph or pie chart.
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12.1.4 How to draw a pie chart

Step 1 Contraceptive Number of women
Add all the data in the table together. In this case o
’ Sterilisation 34
you will add all the numbers in the 'Number of .
women' column to find out how many women took part in the Pill 38
investigation. Condom 22
34 +38+22+ 30+ 76 =200 Rhythm method 30
When you do the calculations for the pie chart, then ‘200" will be None 76

the denominator (the number that you divide by). -
Table 12.4 Table of contraceptive use by a

sample group of women

Step 2
Convert your data to angles. Divide each number by 200. Then, since there are 360° in a circle,
the angles are worked out by multiplying by 360.

% x 360 = 61,2° (round down to 61°) % x 360 = 54°

=8 x 360 =68,4° dd to 68° A8 x 360 = 136,8 dupto 137°
200 =68,4° (round down to ) 200 = ,8 (round up to )
% x 360 = 39,6°(round up to 40°)

-

—

Check that your calculations are correct. All the degrees should add up to 360°. In our
example:

61° + 68° + 40° + 54° + 137° = 360°
If the degrees don't add up to 360°, you have done something wrong. Go back and check your work.

Step 3

Use a mathematical compass to draw a .
circle.

':;f
Step 4 5"

Draw in one radius on the circle. Start at the

exact middle of the circle and draw a line to Figure 12.9 Draw a circle and then draw a
the edge of the circle radius
Step 5

Use a mathematical protractor to measure out the
sectors of the pie chart according to the angles you
calculated in step 2.

Figure 12.10 Measure out the sectors
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Step 6

Label each of the sections of the pie chart with the
correct information. In this example, each section
should be labelled with the correct contraceptive method
used by women (OR provide a key for the different
sections).

Pie chart to show
contraceptive use among a
sample group of women

Step 7

Give the pie chart a heading or caption. Remember
that both variables should be included in the
heading or caption. In this example the two variables are
the type of contraceptive and the number of women.

Sterilised
34

Remember
to take a calculator,
a compass and a
protractor into the
exam with you.

Figure 12.11 Final pie chart with heading

12.2 Answering essay
questions

The essay in the final examination is allocated 20 marks. Answering this
question requires planning. Let us look at the planning steps using the
following essay question, which appeared in the Life Sciences Paper 2
March 2012: Version 1 exam paper, as an example.

Describe the role of the hypothalamus and the adrenal glands in

bringing about changes to the blood vessels of the human skin and
explain why these changes take place.

Content (17)

Synthesis (3)

(20)
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Make sure
you are answering
the question. Keep
referring back to
the question to

Step 1

Read the essay question thoroughly to determine the topics
that are being covered. Underline the key words in the essay question that
provide clues to the different topics:

Nervous system - since the hypothalamus (a part of the brain)

is involved

Endocrine system - since adrenal glands are involved

Temperature regulation - since this involves blood vessels of the skin

Step 2

Interpret and analyse the essay question. Identify the aspects or
processes that are required from each of the topics identified. You may need
to read the question more than once to enable you to do this.

Hypothalamus - What effect does it have on the blood vessels
of the skin?

Adrenal glands - What effect do they have on the blood vessels
of the skin?

If you cover the above in your essay you will only be answering the ‘describe’
part required by the essay question.

Note that the essay also requires an ‘explanation’ of why these changes
take place. For the explanation, you need to elaborate on the functions of
the hypothalamus and the adrenal gland that involve the blood vessels of
the skin as follows:

map is a useful way
to brainstorm your
ideas. It is then easy to
structure your essay in
a clear and organised
manner.

Hypothalamus - controls body temperature by stimulating a change in
the diameter of the blood vessels of the skin.

Adrenal glands secrete adrenalin into the bloodstream, which decreases
the diameter of the blood vessels of the skin so that more blood (with
oxygen and glucose) can be directed to other parts of the body to
prepare for an emergency.

Step 3 -

Write the first draft of your essay in a logical and orgam_d—

manner, linking each aspect that is discussed. This will help you obtain a
high mark from the 3 marks allocated for the synthesis of your essay.

Your plan or draft of the essay may take the form of a flow diagram. But
note that you final answer to the essay CANNOT be in the form of a flow
diagram.
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Hypothalamus — regulates

body temperature

l

Sends impulses

via neurons \

Increases diameter:

more blood sent to surface
of skin to increase heat

loss on a hot day.
More blood to sweat
glands increases loss of
sweat and therefore
increases heat loss.

Adrenal glands —
secrete adrenalin

l

Adrenalin — prepares

body for an emergency.
Travels in bloodstream.

Blood
vessels of
skin
Decreases diameter:
less blood sent to skin so
that wmore blood (with
glucose and oxygen) can
be directed to parts of the
body that prepare for an
emergency.

Decreases diameter:
less blood sent to surface
of skin so less heat is lost

on a cold day.
Less blood to sweat glands
decreases loss of sweat and
therefore reduces heat loss.

Write out the final version of your essay. Put a line across the

plan of your essay so that the marker assesses your final answer and not
your plan or draft.

Step 5

Now read the question again one more time to check if your
answer corresponds to the question.

Proofread
your essay carefully.
This is your opportunity
to pick out any spelling
ervors or incomplete
words, sentences or
ideas.
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12.3 Line drawings

In the exam, you may be asked to draw a labelled diagram. Keep these
tips in mind if you are asked to draw a labelled diagram:

Draw in pencil and use neat, strong lines.

Do not use shading in your diagram.

Your diagram must not be too small. It must be clear and correctly
proportioned.

The label lines must point directly to the structure that is being
labelled.

The label lines should not have arrow points.

If possible, label lines should all end at the same point so that the
labels are neatly aligned.

Label lines should never cross. If two label lines cross, neither label
will be marked.

Print the labels neatly in pen.

Finally, give your diagram a descriptive heading that states exactly
what it illustrates.

To enable you to practise your drawing and labelling skills, we have included
the diagrams from this guide on the following pages.

R rf f,x’,lr =
31 Good luck [
l?\ with the exam! ¥
k
5,

You are there,
well done!
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Before you

start writing on the
diagrams, photocopy

these pages so that you
can use them to

practise, practise,

practise!

i

Appendix 1: Blank drawings

In this section you will find a number of key diagrams from this study guide. These blank
diagrams can help you prepare for the exam in two ways:

1. You can use them to practise your drawing and labelling skills. You may be asked
to draw a diagram in the exam, so make sure you follow the guidelines set out on
page 113 when you redraw and label a diagram.

2. These diagrams are a valuable study aid. They summarise key information and
important processes in Life Sciences. If you can label all these diagrams correctly on
your own, without looking at them in the text, you'll be well prepared for the exam.

The following diagrams are included:

Topic 1: DNA: The code of life
Nucleotide

DNA

RNA

Replication of DNA

Protein synthesis

Topic 2: Meiosis
Homologous chromosomes
Stages in meiosis |

Stages in meiosis Il

Topic 3: Reproduction

Male reproductive system

Sperm cell

Female reproductive system

Hormonal control of the menstrual cycle
Fertilisation and gestation

Topic 4: Responding to the environment: humans
Brain

Neuron

Reflex arc

Eye

Accommodation

Pupillary mechanism

Ear

Topic 5: Human endocrine system
Name, position and functions of glands

Topic 6: Homeostasis in humans
Skin regulating temperature on a hot and cold day

Topic 7: Evolution
Characteristics we share with the African apes
Characteristics that make us different from the African apes
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Topic 1: DNA: The code of life

S
Frrsei
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4. Replication of DNA
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5. Protein synthesis
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Topic 2: Meiosis

1. Homologous chromosomes

0l

2. Meiosis |
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3. Meiosis Il

o
o.
e.
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Topic 3: Human reproduction

1. Male reproductive system

NP,

o~

X

y

2. Sperm cell
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3. Female reproductive system
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5. Fertilisation and gestation
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Topic 4: Responding to the environment - humans

1. Brain

)

// —
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2. Neuron
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3. Reflex arc

126 APPENDIX 1

© Department of Basic Education 2014
Mind the Gap CAPS Grade 12 Life Sciences



4. Eye
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5. Accommodation

6. Pupillary mechanism
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7. Ear
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Topic 5: Human endocrine system

1. Name, position and functions of glands
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humans

is in

Q
Y

Homeostas
1. Skin regulating temperature on a hot and cold day

Topic 6
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Topic 7: Evolution

1. Characteristics we share with African apes

9,

2. Characteristics that make us different from the African apes
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Appendix 2: Exemplar exam
paper

The 2014 Life Sciences exams have a new format in line with CAPS. The
Department of Basic Education has offered an example of Life Sciences

Paper 1 and Paper 2 with marking memoranda.

Use these exam papers and memoranda to help you prepare for your

exams:

1.

Answer the questions in Life Sciences Paper 1. Make sure you take
a break before doing the same with Paper 2. Treat them as “real”
exams by preparing yourself as if these were real exams, so have the
paper, pens, pencils, eraser and other materials that you need. Time
yourself so you complete each paper within the 2 ¥2 hours that is
allocated to them. This exercise is meant to test your own knowledge
- so don’t cheat yourself by looking up the answers in the memo
before you’'ve finished each exam.

Use the memoranda to check whether or not your answers are
correct. Note where you have got answers wrong - these are the
sections of the curriculum that you need to do more work on. Go
back to your textbooks and to the relevant sections of this study
guide, and spend time learning the sections for which you got the
lowest marks.

© Department of Basic Education 2014
Mind the Gap CAPS Grade 12 Life Sciences

APPENDIX 2 133



‘A1qi163| pue Ajreau a1

"AIessadau alaym
‘ssedwod e pue Jojoenold ‘Joyejnoed ajqewwelbold-uou B 8sn I1SnW NOA

1aded ydeib asn ] ON oQ

"a[eds 01 umelp Ajuessadau | ON alte Jaded uonsanb siy) ul swelbelp ayl
"0S Op 0} payse uaym Ajuo speyd mojj 1o sweibeip meiq

Ul 49®|q 10 aN|q Ul way} |age| pue [1puad ul sbuimelp 17V oq

‘uonsanb yoea Jo suononasul ay) 01 Buiplodde siamsue INoA Juasald

"1aded uonsanb
SIY1 Ul pasn walsAs Buuaquinu ay} 0] Buipiodde Aj19a1100 SIamsue ayl JaquinN

‘abed 3N e Jo doj ayr 1e uonsanb HOV3 01 SIamsue ay) Uels

MO0d YIAMSNY 3y} Ul sismsue sy} 77V M

‘'suonsanb ayr 1V Jamsuy

1T

0T

C

T

‘suonsanb ay) Bulemsue a105aq Ajinaed suononisul Buimojol ay) peay

NOILVYINHO-NI ANV SNOILONYLSNI

rejdwax3 gT apelo — SN

¥102/39a Z Td/S®2ua10S 8

ELALLLLET] MR L TEE L S

wafied 3| jo s35)5u00 saded uogsanb s)y)

Sanay WE JIMIL

05k SHETA

TR R LS LR RRERNERETE YRR EE RS RENERLNERERNERNENRENHEY.

FLOZ WY 1dINaEN3

CERE L

bd S3INNDS5 3417

R N

gEERIE g

L 3AOTHD

ALY INALEHID HOINTS

TYNOILYMN

YIELY HLNOS 40 JT8nd3d
UIESNET HEBG
FTETTN N -3e B |

UOREINP3 JISEq

Mind the Gap
Life Sciences CAPS

134 APPENDIX 2



€ pue T 0] pasredwod se ¢ pue g
# pue T 0] pasedwod se g pue g
€ pue z 0] paredwod se ¢ pue T
# pue z 0] pasedwod se g pue T

<m OO0

¢SwuaLnu pue
uabAxo Jo Junowre Jable| e YyIm poojq urejuod S|assan poojq Yaym

uleA [ealiquin
fialre [eaqun g
UIBA SJBUION 2
Alsue sJayioly T

suewny
ul ejuaoe|d syl wolj 1o 0} poojq ALed s|assan poojq Buimoljo) ayL

‘puelb Areynud @
‘wnsojed sndiod D
‘wnigaled g
‘wnjagaled v

“** au) S| pareIpAyap si a19|uyre

ue usym pajenioe aq rey) Apog 8yl Ul 81UBd |0U0D BYL

ypueg‘z'tT a
ypuezg‘t O
vpueg‘c 4
ypueg't v

¢Julpeualpe o1 anp
SI S109)48 8A0Qe 8y} JO SsuoeuIqWOD BUIMO|0) 8U) JO INO YDIUM

S9|2SNW [€13[3%S 3y} 0} MOJ} POO|] Ul dSB3IOUI UY  “{
sawAzus aAnsabip Jo JUNoWe 8y} ul 8sealoul Uy ‘g
alel 1eay ay) Ul asealnoul uy ‘g

|9A3] 8s00N|6 POO|q BY) Ul dSEBIOUl UY T

:SBUOWLIOY JUBIBYIP JO UONBIIBS BY) JO S10aYd ale Buimo||o) ayL

e
<o N
M adN®
NN

d
0
S|
v

£IN220 SjUBA3 BA0gR By}
YoIym Ul 1apio 1931109 8y} siuasaldas Buimo||o} ayl J0 INO YDIUM

'SNJIBIN 8y} Ul skep [eJaA3s o) 9a1) surewsal 1shooise|q ayl
'S||99 paipuny [e1aAas JO |[eq © WIo) 0 SINJJ0 UOISIAIP |I9) '€
‘agn} ueidojied sy ul pawioj s a10bAzy 2

‘'suewWNY Ul [[em aulsln ayj uj pappaquwa si oliqua 8yl T

‘suewny ul uonesijiLa) BuIMO||0} SIUBAS JO 18S © SI Mojag

rejdwox3 ZT apels — SN
¥10z/38a 4

AN

€TT

Td/Sadualds a3y

<t MmN A
<mON

¢aueiquiswi

oluedwAl ay) Jo apis Jayud uo ainssaid [enba surejurew ued Yoy 21T

™« <0
<moOQO

¢,S9|0ISSO 8y} 0} suoireIqIA spuas ued YdIypn TTT

'dV3 NVYIANH 3HL 40 34N1ONdLS IHL ONIMOHS

MOTIE WVYOVIA IHL OL ¥343¥ ZTT ANV TTT SNOILSANO

‘dorTt

sjdwexs 1o} ‘Y009 ¥IMSNY 8yl ul (6'T'T 01 T'TT) Jequnu uonsanb
3yl 0} 1Xau (g 0} V) Jena| 8yl AjUO SJUM pue JeMsue 1081100 8y} 8S00YD

'suonsanb Buimojjoy ayr 01 slamsue a|qissod se papinoid ale suondo snouep TT
T NOILSANO
Vv NOILO3S
Jeldwaex3 ZT apelD — SN
€ Td/S80UBIS 8yI

APPENDIX 2 135

Mind the Gap

Life Sciences CAPS



J9A0 uiIn} ases|d

(Tx6) Areno
a8yl Ul sisolaw ybnoiyy pawlioy SI WNA0 a8yl yaiym Ag ssaooud ayl

Sajew uewny Ul eIyain ay} 0} sisa) ayy woly Buipes) 1onp ayL
euiben

3U JO JUSWIUOIIAUS pIde 3y} 108I81UN0D 0} PINjj duljeyje ue saonpoid
Teyr suewny jo walsAs aanonpoidal ofew ayr ur pueld eyl

uonesijiuay Buunp 199 6B ay) Yyum 10BIU0 SaxeW YdIym
pue sawAzua Bulureluod |82 wiads e jo dn ay) e ainPnis ayl

Anned e Buipunolns s||99 Jo 1aAe| e Jo SISISuod
ofigwa 8yl yolym ul suewny jo juswdojansp 8yl ul abeis v

aebe

se yons swsiuebio Jo ymolb paseasoul 0] Buipes| ‘Jarem jo Apoq
e Ul parenuadsuod Alybly awodag sweuinu yaym Aq ssaoold v
Iea a|ppiw 8y} pue xuAreyd ay) S}08UU0D Jey) agnL

uononpoud ulnsul Jo xoe| B Ag pasiiaioeleyd aseasiqg

Yuiq pue uonesi|iis)
usamiag snian ay) ul ofiquis ue Jo jswdolaasp Jo pouad ayl

pansesal ybuAdoo

6¢CT

8¢CT

AN

9¢CT

SN

Vet

€¢T

c¢et

TCT

pe]el:]

HIMSNY Y1 Ul (6'2'T 01 T'Z'T) 1eqwnu uonsanb ay) 01 IXxau wial ayl Ajuo
1M suonduosap Bumo|oy ayr Jo yoes oy Wi} [ea160joIq 1991100 Y} SAID 2T

rejdwex3 T apelD — SN
¥10z/380 9

Td/S20UBI0S A1

(81)

(zxe) v pue g
€ pue ¢
ypueg 't

gpuez‘t

<mOO0

guolrelien onsual 0) seINqgLUIU0d
safels anoge ay) JOo suopeulquwiod Buimolio) 3yl Jo INO UDIUM

uonesi|nie4
| aseydelay
|| aseydoid
| aseydold

"Aam S

‘uoirewloy 81064z
pue aaweb ul panjoAul sabeis ay) Jo awos sanlib mojag 1Sl 8yl

1199 uated

8} Sk Jaguinu awosowolyd awes ay) bBuirey sareweb Inoy
‘sa1aweb piojdip Jualayip omy

'sajaweb piojdey Inoy

‘sajaweh [eonuapl Inoy

= <«<mO0n0

Ul synsal |99 piojdip B ul SISold

‘wuads

|y} 0} pappe ag 0} suonaIdas ajelsold oy awin aiow Sl alvyl d
‘AIned

ApoQ 8y} ur uey) wnjoids 8y} uj pajosloid Jenaq ale saisal syl D
‘alnjelsadwsal Apoq [ew.lou

ayl mojaq sainjesadwal Te Juadlyd alow S| uonewsoy wiads g

"WNJ0JIS 9y} Ul PaJols aq ued wiads aloN v

¢Anned Apog sy 8pIsING ‘WNJ0IOS 8y} Ul pjay
Buiaq salsal ay) Jo abejueape ue si BUIMO|0) BY1 JO INO U2IUM

Tfeldwax3 2T apel9 — OSN

¥102/38d S

D 4

6'TT

Td/S90UBI0S By

Mind the Gap
Life Sciences CAPS

136 APPENDIX 2



(g)
(1)

(1)
(1)
(1)
(1)

J9A0 uIn} ases|d

1INba pue soueeq sjonuU0)

wnso|ea sndiod ayl Aq palosuuod sasaydsiway si seH
93s NoA yeym siaidiaiu|
Bupjrem ajiym JUSWSAOW SB)RUIPI00D

arel Buiyrealq pue reaqueay sare|nbay

pansesal ybuAdod

SYT

Vvt

€Y1

A

v

:yo1ym Led 8y} Jo ATTNO HILLIT BU) UMOP B

uewiny e jo WalsAS SNOAIBU [e41UBD 3} JO UOIIOd

‘suewiny

J0 walsAs snoAsau [enuad 8yl Jo uoiuod e syuasaidal mojeq weibelp ayl s

¥10¢/39d

reidwax3 ZT apelD — OSN
8

Td/S20UBI0S 91

aonuU uny IdTo|g

[SERVEET IR IVIINVIVY)

() (gx9)
sueyisN g
apIxolp uogied v saseb asnoyuaalb jo seidwexy 9'€'T
ulog si buudsygo anm g
pawuloy s eluade|ld Vv Aredina Jo onsueioerey) G'€'T
uones||na) feulaiu] g bba pue wiads Jo uoisny
v ay) Jo} saoueyd Jarealb sepinold ¥'€'T
d
spuepam jo uononisad v | Anjigejrene ssyem Bunoaye siooe4 £€°T
ulleualpy g
uobeon v uabooA|6 01 asoon|b suaAu0d Z'E'T
Buiyorey Jaye uoos punose buinow
ey g Jo 3|qedeo are rey) buudsyo
[eodald v ul Buninsal juswdojanap Jo adAlL T'€'T
11 NWN102 I NWN10D

¥T02/39d

"MO04d H3IMSNY 8yl
Ul (9°¢°T 01 T°S'T) Jaquinu uonsanb ay} 01 1Xau auou Jo ‘g pue v yiog ‘Ajuo g
‘Ajuo v 8 ‘Il NINNTOD Ul Swiall 8y} Jo suou Jo g pue v yiog ‘Ajuo g
‘Aluo v 01 saidde | NIWNNTOD Ul SluBWalels ayl Jo Yyoea Iayidym arealipu) €1

rejdwax3 gT apelo — OSN
L

Td/S92UaI0S By

APPENDIX 2 137

Mind the Gap

Life Sciences CAPS



(T1)
(@

(€)

(@)
(1)
(1)

(1)
(1)

J19A0 uIn) ases|d

‘uonoe xa|jal e jo aosueoyiubis ayy urejdx3

“BUBIOM [[e MOYS *IN220 0}
uonoe Xa|yal SIY} 10} USX L) Wi} 3} dJe[Ndfed 0} uolewloUl SIyl asn

.S W G/ e sjanen as|ndwi anisu v “yibus)
Ul sal1dW G'T INoge S| asuodsal anoge ay) ul Aemuyred aAlsu 8y

‘pabewep sem g ued I Uode Xaj4aJ Y} UO 1088 ayl urejdx3
pinj} reuidsoligaiad surejuod  (q)

WaSAS snoAJaU [esluad ay) 01 sasindwi sywsuel]  (e)
:y21ym Wed au Jo ¥ 1137 Syl UMOP SILM

3 uoinaN (@)

quolbay (e)

:BuIMO||0} 3Y1 JO YOBS 10} S|age| SAID

pansasal Wybukdod

"2Je X3lJal B SMOYS Udiym ‘mojaq weibelp ayy Apms

Tedwax3 2T 9peio — OSN

¥102/39a 0T

Te

Z NOILS3NO

g NOILO3S

Td/Sa0Ua1dS By

05
(9)
(1)
(1)

)
(€

‘Y NOILO3S 1v10l

¢319hd 3|
9yl Ul INJ3J0 SISOl saop m@mﬁm 9AIINJ3SU0D OM] YIIym usamiag

¢919Ad 3|
31 Ul IN220 SISOIdW Sa0p Sabels aAIlN2asSU0d OM) YdIym usamiag

‘e abe1s 1e aINoNn.s eyl swepn

"0 pue

g ‘v Aq pajussaidal s||90 Y1 JO JaquiNu SWOSOWOIYD By} 8lelS

V'ST

€971

ST

TST

v

ERVAEE FIVIN

s|80 Apog
¥ obeis

¢ abeis

Salvwes
Z ebeis

s|180 Apog
T ebeis

"uewiny e Jo 3042 8yl dY} Ul sabels snolea ayy SMoys mojaq weilelp ay | ST

Jejdwex3 ZT apelo — OSN
¥T0z/39a 6

Td/S90UBIOS By

Mind the Gap
Life Sciences CAPS

138 APPENDIX 2



J9A0 UIn) asea|d paniasal 1ybuAdod
(8)
) éuswiadxa ayy Buunp sbBnip o aduanjul 8yl Jspun usaq pey
aUs/ay JI PaIayip 8AeY Y UOSISd JO BWil Uonoeal 8yl PINOM MOH 522
(1) JuoneBnsaaul siyl ul SNNWINS 8y} Sem Tey vee
(6) . (@ "T°T°ZNOILS3AND
©) euial ay) uo abew Ul paquossp puan oy Joy} uoseas ajgissod e 1sebbng €2
Jes|d e wioj 01 A 848 smojfe eyl ssadoid ay) aguIssp pue sweN e
(€) ‘sidwane
@ uo pasnoo} st A 843 (q) 0T a1 Jano pabueys g uosiad 0 awi uonoesas ayl Moy aquasaq fArAr
@ uo pasnao) st X 243 (e) T £BUWI} UONOBa) ISBMO|S U SeM JeyM 1272
“Teyl 103(0o ay1 J0 ATNO Y3 L1 T Y1 UMOP S TEC
E g uosiad ___________ V uosiad

AIA

JagqwnN 1dwany
S 4 € 4 T

o1

 cecececececececececec
EEEEEEEE
o~ wn — [¥a}
S b <) Q
o o

0
N
=}

A
| -
ake ake X
wouy Aeme w /2 wouy Aeme w g .
d \4
; 7’0
[340)
g U0SJad pue v U0SIad J0 awli] uonoeay

"Sauwi) 0T 1IN0 palied sem 1s8l ay] ‘mojaq ydelb
Jeq ay) uo panojd pue papiodal sem Joeal 0] uosiad yoes Joj uayel awn
3yl "uo paysey; ybi e uaym ||aq e Buu o pey uosiad yoe3 ‘(g pue y) ajdoad

o
o
(spuo2as) awi] uonoeay

wn
o0
o

‘aka ay1 wouy Aeme sanaw / alam @ pue g s108lqo “ahks ay) woly Aeme
SaJ1aW g 3lam D pue Y S)algo "9As a8yl wouy SaduelsIp Jualayip e (smoe

Aq pajuasaidal) s10algo uo pasnaoy (A pue X) saka omy smoys weiferp ayL €z OM] JO BWI} uondeal ay) ainseaw 0] uonebnsaAul Ue N0 palsed lauies| v 22
rejdwax3 g1 apelo — ISN Jejdwax3 ZT apess — OSN
¥102/389d 4 Td/s@2us10S 8JI7 ¥10¢/349d 1T Td/S®2usIds 8)I

APPENDIX 2 139

Mind the Gap
Life Sciences CAPS



(6)
(g)
(2)
)]
)]

J19A0 uin] asea|d

"po0|g 8y} Ul [ewlou uey} Jaybiy sI g auowlioy Jo [aAs]

ay usym sajesado reys wsiueyosw Xoeqpas) sAnelbau ayl aquosaq

¥102/3ad

‘d auowoy Jo suondunj OML arel1s
‘d sauowlioy sweN

'V pue|b 1o} [aqe| e anlD

paniasal WybuAdod

&

(@

(9)

(T

(@)

V1€ (1)
€T
¢Te
TT¢e

">}03U 3y} 40 JU0J} 8y} spremo) Juasald sI D pajjage| puelb ay}
3|Iym ‘urelg ay} Jo aseq ay} Je punoy si v pajjaqe| puelf ay] spue|b auloopua
juedodwi OM] UsaMIag UOnOBISIUI Byl swuasaldal mojaq welbelp ayl TE

Jeldwax3 ZT apels — OSN
T

€ NOILS3aNO

Td/S20UBI9S Ay

‘uopebnsanul siy Jo
Aulicrelias ayr anoidwi pinod Jaulea| ayl yoiym Ul skem QML a1els SYe

"anoge welbelp ay) ul paresnsn

se ‘D pue Yy suopebnseAul ul panIasqo s)nsal ayl c_a_axm_. Ve
¢parebnsanul buiag si auowsoy jueld yoiym Jo asuanjul 8yl o ard
‘uonebnsanul siy} ul Jueisuod 1day ag Isnw eyl siojoe) QML dreIs e
‘uonebnsanul siyl ul ajqereA Juspuadap ay) sweN Tve
o] d v
pus  weis puz  wels puz  uels

/ / /

‘uoireBnsaAul yoea ui 1y6i| Jo UonOBIIP By} 81RIIPUI SMOLIE BY L

‘uoneBisaAul 8y} JO puUS 8y} 18 100ys SWes 8y} ‘ydes 0] Ixau
pue uonefnssAul 8yl Jo UelS 8yl Te 100ys Yyoea SMoYs mojaq weibelp ayl

‘ybnouy ssed 01 by
MOJ[e 10U saop eyl ded e Agq palonod sem jooys ayl jo dn syl — D dnoio
‘panowal sem jooys ayi jo dnayyl — g dnoio
"10B1UI Sem Jooys ay3 jo din 8yl — Y dnoio

:smojjo} se sdnolb aaiy) ol
pasn alam ey syue|d ay) papiAlp Jauses| ayl ‘s1ooys iued Jo ymoib ay) uo
1yB1| J0 10848 By} BuUIWIBISP 0} uoebnsaAul ue pawiopad Jaules| gT apelo v 'z

reidwax3 zT apelo — OSN
¥102/39d €T Td/S9oU8I0S 9y

Mind the Gap
Life Sciences CAPS

140 APPENDIX 2



(s1)
()

(1)

(2)

()

J19A0 uIn) ases|d

"800Z 99UIS BOUJY LINOS Ul Spjoyasnoy
91n23s-pooy Jo abejusslad ay) uj asealdsp e 0) pa| aney Aew yaiym
‘saplonsad pue sIas||iLay) JO asn |y} uey) JaYlo ‘sioloe) OML 91eIS gee
A1nunod e 1oy AINdas pooy asealnadg (q)
Anunod e 10} A1IN2as pooy asealou| (e)
:ued sawuey Ag sapronsad Jo asn syl moy 91e1s 7'ee
Anunod e 1oy ANIN2as pooy asealnada (q)
Anunod e 1oy AlNdas pooy asealou] ()

:ued slawle) Aq SIaSI|I9) JO aSN Y} MOY RIS eee

'spjoyasnoy a1noasul-pooy jo abejuasiad 1saybiy ay) aaey yeyy
saouinoid 1noy ay) oy ydeiB Jeq e meip 01 3|gel 8y} Ul Blep 8yl asn zee

¢Ano2as pooy Aq ueaw si reyp Tee

9T ade) ulaisap
6T Busines
TC ade) ulsyuoN
8¢ [ereN-ninzemy|
6¢ 91el1s 99l
o€ ebuerewndpy
1€ ododuwi
9g adeD uialse]
(%)
SATOH3ASNOH
JHNIDISNI-A004 JONIAOHd

"MOJaq 3]ge) dY) Ul UMoYs aJe ‘AaAIns 1sale| s 0} Buipiodoe aouinoid
yoea ul Sp|oyasnoy aindasui-pooy Jo abejusatad ayy Bunesipur ‘synsal ay L

'800¢
Ul %8y 01 pasoddo se 949'Gy SI By YINOS Ul SP|OYyasnoy 8indas-pooy Jo
abejuaoiad |[elano ayi yeyr pamoys s)nsal Yy ‘saduinoid sy ssoioe Ajnodas
poo} UO ABAINS B PBIINPU0D (DHSH) [IPUNOD YoIeasay S8JusIosS UewnH ay L

rejdwax3 ZT apeID — ISN
¥102/3aa 9T

pansasal Wybukdod

€€

Td/Sa0UadS By

()
(9 ‘[on9)
[ewJou 8y} anoge S8sealdul }I Usym [ewlou 0} yoeq ainyesadwal
Apog ayy Buionpas ul sj01 © Aejd O pue g sued moy aquasaq 2Ze
(e "D pue g 'V sued 1o} sjage| aND LA
S|
\Y
"upys uelfewwrew sy yébnoiyl uondss e smoys mojaq welbelp ay L ze

Jejdwax3 ZT apelo — OSN
¥10z/38a st

Td/S90UBIOS By

APPENDIX 2 141

Mind the Gap

Life Sciences CAPS



0ST
0¢

(02)

(1)

08
[ov]
(1)

(€)

(1)
()

“IVLOL dANVHO
‘O NOILO3S Tv1Ool

‘swieiBelp 10 SLeyd MOJ} JO WIOY 8Y) Ul SISMSUR 10} papreme a4 [|IM siew ON ‘310N

'SISOUYIUAS
Jusu0d

‘uoonpoidal uewny ul suowioy
yoea Jo 9|0J 8} 3qLIISap pue SSLBAO pue S31sa) 8yl Ag paosnpoid sauowloy ay) sweN

¥ NOILS3aNO
O NOILD3S
:d NOILO3S 1v10L
*A1011109]3 Jo uonelauab ay) Aq pasned suoIssiwa
uogJeds aodnpas ued jusawuianoh ayl yoaiym ul Aem JNO 1sabbns v'y'e
‘S|aA3| apIXoIp
uogJed Buisu a8yl noge pauldduod ag pinoys am Aym ureidx3 e
“JUBWUOJIAUD BU} UO UONE]S3I049p Jo 1oedwl Jayio INO arels Zve
‘a19ydsouwie ay} Ul uoiesusduod
apIxolp uogJted ybiy ayl 01 S8INGLIU0D UONBISaI0}ep Moy aguasad v'e

'UO0IeISSI0JOP Ul 9SBaIJUI UR S ||oM
Se s|any IS0} JO 8sn ay) ul asealoul ue 0} anp si abueyd siy] 'gSeT ul (wdd)
uoljiw Jad sued 9TE 01 paredwod £10Z AN ul (wdd) uonw Jad sued Qop
Je paplodas sem alaydsowne 8yl Ul UONBIUIJUOD SPIXOIP uogsed ayl v'e

Jejdwax3 ZT apelo — OSN
¥102/39d LT Td/S92Ua19S a)I

Mind the Gap
Life Sciences CAPS

142 APPENDIX 2



‘Jpalo jou og
(esJan 821n pue) uaAlb sI aweu ayl Ajuo Ing 10} payse S| 1ana| ayl Ajuo | ¥T

‘Bun@aw UoISSNISIP OWaW [euoleu ay) Je paldadsde sem )i papinoid 1daddy
ABojoulwla) ul UBAID aJe saweu UOWWOD §| ‘€T

“JX8JU0I JO INO S| )l JI IO SB2UBIDS
9J17 u1 8s|a Buiylswos ueaw jou saop U papiroid ‘iemsue ay) 1dadde ‘aigesiubodal §|
slolle Buljjpds  'z1

1dadoe jJou 0
Buiueaw papualul ay) sabueys pasn abenbue| j| "TT

‘a|qeidadoe s
‘uanib si Jaquinu Buoim ayl Ing suonsanb Jo asuanbas 1981100 3y} OlUI S)Ij JAMSUR J|
Buiaqwnu Buoipy 0T

"1031109 JI JamsSUe 3y} JO 1S3I B} IPaID INg UoneIABIqge
pasiubooalun syl 1PaId 10U Op ‘pPaulsp 10U J| “Jamsue Ul pauyap sy yi 1dadoy
suolelrslqge pasiufooal-uoN ‘6

"UpaJo awnsal ‘urele 1091100 BW023q SHUI| pue 32UBNDSS §| "NPaID 10U Op 193.1100Ul
ale syull pue 8ouaNbas BIBYA\ ‘NPBID ‘1081100 BJe SHUIl pue 8ousnbas BIBYM
9SUSS 8¥elW 10U 0p SYul| pue pa|ppnw siaouanbaes y| ‘g

"SyJewW 8s0| [IM Sarepipued
suondiosap Jo pesisul UsAIb ase sueyd Mol yl ‘.

‘SyJewW aso| [IM Sarepipued
paiinbal ate suondilosap usym suolelouue yiim uaAlb are sweibeipy ‘9

‘Buiie|nge) Jou 1o} syew aso| ||IM sayepipued
uanib aJe sydeibeled 1ng palsinbai s uoneingel ) ‘g

*1ea|0 aJse sanLe|IwIS/saoualayip ay) ji 1dadoy
uaAIb ase suondiiosap 1ng 1oy payse ate suosedwod |

"Ued Jueas|al 8y} IpaJd pue |[e peay
paJlinbal si 11 jo 1ed e Ajuo uaym uanlb si ssaoold ajoymy g

"1091109U1/109.1109 8Je SWOS 10 |[e JaYIdYM JO dAIddSaLI 931U 1Sl BU) YIel
uanIb are aAly pue palinbai ale suoseal 884y ‘a|dwexs 10} ') 2

‘uibrew puey-ybu
ay) ul xew, pue aull Axem e Ind pue payoeal s sylew wnwixew uaym Bupprew dois
uaAIb sI paedo|fe sylew uey) uoljewlojul dlow | T

S3IONIIOS 3417 ONIMNIVIN OL d31V13d S31dIONIEd

wnpuelows — rejdwax3g T apelo — DSN

¥102/39a 4 Td/S90U3I9S ajI

T RS

safied || o S15|5U0D WENDLERDWEI SHYL

VLT ]

.T.-.l-l-l-I.-I.r-.l.-.l.-llIlII'Iil.lnl.l-l-'.-.l.-.lllli.-r.

WNONYHORIWN

FEOE ¥ 1dNENE

AEEE NN ETEG
LR

Ld SAINILDS F417

4
s ERER R RN AR R R IR A A RE AR R FS PR R R R EEEET

H 2L 3aTFHD

1Y AILHIAT HOINIE

TYNOILLYN

YIIH4Y HLNOS 40 2and3y
ucqEsnpS Mseg
jusLeden

uonRedNp3 JIseq

APPENDIX 2 143

Mind the Gap

Life Sciences CAPS



0§

(9)
(1)

(1)
(1)
(€)

(6)

(81)

190 uIn) 8ses|d

'V NOILO3S Tv10L

(zx9)

(Tx86)

(zx6)

¥102/39a

Y pue g sabeis
A2 pue T sabeis
010647

297 =0
rec—d
27—V

+4d
a4
Y
,4d
3e)

A€ pue v Uyiog
A9 PUB Y Uiog
+ Ao g
A € pUe Y Yiog
A4 BUON
++ Auo v

_sisauaboo

SuaIayap Sen/ A1onp wiads
3)el1S0Id

_A3WOS0I0Y

A1shooiselg
_uonesiydonng

agny suelyoeisng
Ashijlsw saiegelq
_AuoneIss

»rr9
»r,4
»r+9
»rr9
24
e
a4
a4
»+4

wnpuelows\ — _G_QEme ZT {apel9 — JSN
14

pansasal ybuAdoo

v'e1
€91

¢S

TST

SY1
Y1
€V
A
v

9¢T
Se1
Vet
€eT
el
TET

6¢C1T
8¢C1T
L1
9¢1T
Sc1
Vel
€c¢1
c¢el
121

6TT
8T1T
L'TT
9T1T
ST1T
Tl
€T1T
T
TT1T

ST

7’1

€1

[

T

T NOILS3NO

V NOILO3S

Td/S20Ua19S A

"pasn aq 1snw saduinoid ay) eiA
uoireonp3 oiseq Jo juawiedaq [euoieN ay Ag paInquIsIp pue Sioleidapoul Isnfewn
8y} pue Jorelapow [eulaiul euolreu ay) jo sainreubis ayy Buuesq epuelowaw AlUQ

epueIoOWaW [BIDIHO

‘(Aressadau alaym siorelapow Isnfewn sy}
pue) JoTeJapoW [eulalul [euoifeU 8yl YIM JNSUOI ||IM Uin} Ul OYM JoJelapow [eulaiul
[eouinodd ayl BunNsuod INoYIM epuelowBW 8yl 0} dpew aq 1shw sabueys oN

wnpuelowaw ay} 01 sabueyd

'safenBue] [ed1yo e o3 ajgedljdde si sIyl "paynNsu0d aq pjnoys
abenbue| [e1o1o Juens|al ay ul ualyosd SI Jeyl ey ew Y 1081109 S| ) JI paupald
aQq p|noys SIamsue Jay/siy Ul Juaixa isareald ayl o) pasn abenbue| Juswssasse
Slaulea| ay uey Jaylo abenbue| reroio Aue uil (s)readde 1eyl omy 1o piom ajbuls v

(s1daouo9 pue swial) sabenbue| [e1o1}0 10 BulydlIMS-apoD

‘uonded e aney isnw (‘019 ‘sa|gel ‘sydelb ‘swelibelp) suonensn|| ||y
uonde)

‘Aem 1UaJIaYIp B Ul palels aqg Aew YdIym ‘Iamsue Ue JO 9SUas ayl 01 AINISUSS ag
‘Ajeresedas suuN o) SyJeW 91eI0|[e [|IM WNPUBIOWSIA "SyIew aso] ||Im sarepipued

Slusawainseaw ul :m>_m 10U ale slun j

wnpuelowsN — ‘_m_n_rcmxm_ 2T 9apei9 — SN
¥10z/39d €

‘0¢

‘6T

8T

LT

97

ST

Td/S92Ua10S By

Mind the Gap
Life Sciences CAPS

144 APPENDIX 2



[ov]
(1)
(@)

(9)

(1)
(@)

(1)

JBA0 ulin] 8ses|d

(Aluo OML 18114 31 IN)
_Aluswiieal) yoes Joj jueld auo ueyl aiow asn
uonebnsanul ay) readeay

(2) Aybudn maib 100ys sy} aiop2184)
_ASUIXNE JO UOIINQUISIP 8U} U dduanjjul ou sey b1
:D uonebisanul

(¢ Aue)
AYBI| Jo 821N0S By} JO uondaIIP By} ul Jooys ayr Buipuaq snyl
_A3pIS papeys ayl uo ymolib Jarealb alojaiayl sem alayl
_AuUOISIAIp pue uoirefuols ||92 pasealoul o} Buipes)
_A100US 3y} JO 8pIS papeys 0} 9A0W 0} SuIXne pasned
AWBL 8y) wouy Wb
Y uolrebiisanul

ASUIXNY

(Aluo oML 18114 X1 IN)
_Apasn jooys jo adA) swes
Apade|d ale S)Jo0ys ay} YdIym Ul JUSWUOIIAUS swes

_slooys wejd Jo Yol

wnpuelows\ — _m_Qwam ZT {apel9 — ISN

¥102/3ad 9

paniasal ybuAdod

(6)
(9) (¢ Aue) BUMBJ 3Y) UO SWI0) Mou abewl jesppy —
_ASasealoul sug| jo Jamod annoeley -
_AX9AUOD 910W SaWo023g sua| —
_AS9SEaIdap SUI| Uo uoIsua| —
_Auaxoels sjusweb)| Alosuadsns -
_A10eNUOD Sajoshw Areljiy  —
(1) _AUOIePOWWOIDY
(@ 20 (a)
(@ ++4 ()
(8)
T asealoul A|geqo.id pjnom awi uonoeay
(™ » 1 Algeqoud p 1} uol
(™ MBI
(2) _A"BWI} UOIIEDI B} UMOP SMO|S SSaupaif ‘1are| Ing
3]sk} awn uonoeal saxew aonoeld
(€ _-ureBe paseaioul Ajjeuy pue  —
AHO pajIdAd| Uy —
ISl pasealospll -
Sv'Z .
(1) ASPU023S Z¢'0
(tT)
z AApainb Bunoeal Agq ~Apog ay) 19a10.d 03 sdjaH
@ A b 6 Ag A d d
(e) £S 200 =
A SWGL+WG'T
z asuodsal ou aq pjnom a1ayl Ing
(@ _rasuod
)9} 3Q P|NOM UOIIeSUSS
Ve (1) 20 (q)
(™ 2V (®)
v T uoJIN3U J0}08UU0d/ AUOINBUIBI| (g
Eve (1) , (@)
(1) lenew Asio (k)
ave
Tve e
wnpuelowsy — hG_Qwam_ 2T 9pel9 — JSN
Td/S92Ua19S ajI7 ¥102/39d S

2ee

Tee €c

§'¢e

vee

g€ee

gee

I xa4 x4

S1'¢

v'1e

€T¢e

¢1¢

TT¢C T2
Z NOILSaNO
g NOILO3S

Td/s20UB19S a1

APPENDIX 2 145

Mind the Gap

Life Sciences CAPS



(@

JBA0 uIn) aseald

paniasal 1ybuAdod

Sylew g — Aj30a1109 panojd sieq v ||V
z rew T — Apoaniod panoid sreq -1 | swuiod jo Bumod
(%) Sp|oyasnoy ainJasul-poo4 :un pue [age| 1991100
T ANV 9[eds ayeudoiddy SIXe-A
S92UINOI :[8gE] 1091100
anvy
T sleq Usamia( sfeAsdlul pue sieq Jo yipim ajerdoiddy sixe-x
,Sp|oYyasnoy aIndasul-pooy
T abejuasiad, pue Saoulnold, :Sa|geleA yiog sapnjoul uonde)
(s4 pue
T Nd ‘INIT “D3) Ajuo sasuinoid inoy 1oy umesp ydeio pasn eleq
T umelp ydeib reg ydelb jo adA L
NIe uoljeloqe|q uopdIID
ydelb ayi 1o} uoneaoje yren
S99oulA0Id
B INCEYH] eSuejewndy ododwi ade) uiaise]
. . . . Fo
e
L g g
Fot 3
o
Ler 2
@
A=
o
ST
[o)
>
t0E O
[«
fee 2
X
oy =~
saoulnoud ¢ Ul
Sp|oyasnoy 8indasul-pooy Jo abeiuadiad
2ee
ABuin Aypresy
aInsua 0} se 0s ‘siseq Ajrep e uo ~pooj ybnoua o} ssadde HuineH TEe ee
wnpuelowsN — ‘_m_Qmem_ 2T /pel9 — OSN
¥102/3aa 8 Td/S92U3IdS 3y

(6)
(9)

(€)

(6)
)

)

(1)
(1)

(e Aue)

(g Aue)

(¢ Aue)

¥10c/349d

ainresadwa) Apog ayy ul doip e 0] Buipea] —
AUD{S BY} WOIJ 1SO| SI Jeay aIoN —

A 92BJNS UDS 8y} Wolj sajelodens jeams usypy  —
Aleams ajow aonpoud (spuelbleams) g -

AApoQ 8y} wouly 1s0| Sl 1eay alow aioyalay) pue —
_A30BLNS UBS 3y} 0} SaWo9 Jeay Buikued poojq alo —
SINJ220 UOIe|IPOSBA/ A3)R|IP S|9SSAaA poo|lg  —

(sj@ssan poo|q) O 01 rsnwefeylodAy wouy Juas sasindw| —

_Al@ssan poojg — D

puelb resms — g
alod yeams — v

[ewlou 0} ~sdoup [9A8] UIXOIAYL —
paoanpoud uIXoJAy} SS8|/ AUMOP PAMO|S SI PI0JAYY JO AlARDY —
AHSL Jo uonaides ayr Ul —

_A9SB2II3P B 0} SpPE3| YoIym —

sisAydodAy auy1 Ag ~pa1o81ap SI UIXoIAUs Jo sjana) ybiH —

(Ajuo oML 1s11) S Ie)
_AWB1SAs snoAJau [enusd Jo Buiuonouny ssousnjyu]  —

_adlel Leay ssousnyul  —

_AWSI|OgeIdW S[0NU0D)  —

auowioy Bunenwins-ploJAYyHS L — 4

sisAydodAy/puelb Arennid

wnpuelowsy — fejdwax3y ZT apeio — DSN

L

cee

TCeE e

v'1e

€T€
¢TeE
TT¢€E Te

€ NOILS3aNO

Td/S90UBIOS By

Mind the Gap
Life Sciences CAPS

146 APPENDIX 2



(02)
(€)
(1)

(g)

(2)

(g)

J9A0 uIN} 3ses|d pansasal ybuAdoo
08
lov]
SISAUIUAS )
JuaU0D (1)

Xew AAIeAo ay) Ul WNAO Mau Aue Jo Juswdo[aAap Jayuny ay) sjuaaald uiny ul yaiym -
pue|b Areynud sayy Aq - - ©

_AHSH Jo uonaidss syl suquyul - -

rauoleysaboud jo sjens| ybiH -

_AIN220 uopesl|iua} pjnoys oAiqwia ays jo uonejueldwi 1oy Apeal si )l jeyy os -

_winuiswopua ay) o Buluaalyy Jayuny sasneo suoialsabold -

rejuadeld pue ~wnan| sndiod sy Aq paodnpold

rauoJalsaboid
(1)
Xew _AUOIFeNISUBW pUE UOMBINAO ‘9240 [eniisusw 3y} jo Jeis ayl -
_rsueblo xas afewsy ayy jo ymoib syl -
_Asisealq ay} jo uawdojanap pue ymmoib syl -
sdiy/sinad aus jo Buluspm eyl - (@

:saje|nwins uaboaisao Auagnd Bung

_ASN1a0}
ay} jo wawdojanap pue oligws ay) jo uonejuejdun siqissod e Joy uonesedaid ur - (s1)
_ Je|ndseA alow/isXd1y) 8wodeq 0} - @

WNIBWOpPUa/ ASNJ3IN 3y} Jo Buull ay) sasned -

SBLIBAO BU) Ul »S3|01||0} UeljerID) ) Ag paonpoid
rusbonseQ

xeuw _AS81S91 Ay} Ul wiads jo uononpoid ayyl - (1)
_s31sa] pue sjuad ays jo yuswdonag -
_rey Apoq pue aignd ‘feioey jo ymoib syl -
_s9|osnwi Jo wawdojanap ayl -

_XUAue| ay} ul arebuold SpI0d [BI0A Sk 32I0A 8y} jo Buluadasp ayl - )

sare|nwins auoJa1solsal Auagnd Buung
$81S8] 8} Ul AS8|NQN) SNOJBJIUIWSS AQ paonpoid M
A9U0191S01S9 ]

¥ NOILS3ND M

O NOILO3S
wnpuelowsaW — rejdwax3 ZT apelo — OSN
¥102/39d 0T Td/S92U319S ajI

‘d NOILO3S 1vI1OoL

(Aluo INO 1841 1 IN)
AB1sud Jo S92IN0S Breuld)e asn

(g Aue)
" ASWSIUBBIO SWOS JO UONJUNXS SY) 0} pes| Ued Ydiym
arewl|d ul abueyd/spooyy
/ A921 Bunjaw Jo asneoaq S|aA3| BaS Ul 3SH 0} pes| pjnod SsiyL
_sainreladwsa) [eqo|b ay) Ul 8seaIOUl Ue SaSNed YdIym
10848 asnoyuaalb
paoueyus Byl 01 pes| S[|PAS| SPIXOIP UOCIed pasealdu]

(Ajuo INO 18411 YIe )
uoisola
[los/uoponnsap yendey/ AANSISAIpolq JO SSO| 8yi 0} pes| ued

sisayiuAsoloyd
1o} alaydsowre ayl woiy pasn ag [|IM SPIXOIp UOgIed SS3| 0S
_AS93J] SS9 8q ||IM 318y L

(T x 2 Aue) (Ajuo OML 1S11 3 Ien)
_ASUONIPUOD [RIUSWIUOIIAUS 3|geinoAejun pabuojoid

 Buiwrey asusisisgns ul asealdsq

_uawdojanap 1oy pakosisap swied

uoirejndod uewny ayj jo azis ay} ul asealou|

AAunod ay) ui JuswAojdwaun anissep

P00}
10 1S00 ay) Buisiel ‘pasn aq 01 aAey pinom sapionsad aiow

9ouay — sioyepaid Jvy) se ||am se sisad || p|nod saplonsad (q)

sdoud 01

abewep afeas-abie| asned Jou op sisad Jey) ainsus saplonsad (e)

uononpoid doid 8anpal Alenjuans |jIm yaiym
jlos ul uopeaudsp ualAxo asned ued SIASI|ILB} JO BSN-19AO

| r8SE8I0UI 0) S9I1d poo) sasned — aAlIsuadxs ale sias||ieH (qQ)

Aymolb doid asealoul Jeys suaunu apinoid siasijiuaS (e)

wnpuelowsa — rejdwax3 ZT apelo — OSN

¥10¢/39a 6

v'v'e

€ve

cve

TveE Ve

SRR

v'ee

€ee

Td/S32UaIds 3y

APPENDIX 2 147

Mind the Gap

Life Sciences CAPS



0ST V101l ANVYO

0Z ‘D NOILO3S Tv10oL

[

‘suoulioy yoes 10j paqliasap sa|0l JFHHL 1ses|

T e UIM pauonuaw sauowloy 1991109 JIHHL IV anisuayaidwo)
T '9|0J 1031102 S} 0} Payul| S| paweu suowuoy yoeg | asusnbas [ealbo]
‘pauonuaw ale auoialsaboid pue uabonsao
T ‘auU0191s0)s9) 1daoXa sauowioy Jayio oN aouena|y
NI uoneloqe(3 uolgIID

¥T02/3ad

AVSS3 3H1 40 NOILVYLIN3IS3dd IHL ONISSISSVY

wnpuelows — reldwax3 ZT apesd — ISN
1T

Td/s90UBI9S By

Mind the Gap
Life Sciences CAPS

148 APPENDIX 2



ELALLLLET] MR L TEE L S

wafied p| Jo s35)5u00 saded uongsanh s)y)

Sanay WE JIMIL

08k SHHETN

+II AR AR AN EEE R RN RN RN EREEREN LR ENERERENERENE NN -i.

‘Aiqiba) pue Apeau awm  TT : 102 HY 1dNT®3 .

- L2

- -

"AIessadau alaym = w

I
‘ssedwod e pue Jojesold ‘Joyeinofed ajqewwelboid-uou e 8sn isnw NOA 0T . Td S3ININTE 317 X
(IR EREEEREREREEEEREE SRR EREE NN ENEREESENEREERLRELREERSH]!
1aded ydeib asn ] ON oa 6
'9[eds 01 umelp Ajessadsau | ON aJle Jaded uonsanb siyy ul swelbelp ay | '8
2k IAYHD
"0S Op 0} payse uaym Ajuo sueyd mojy Jo swelbelp meiq '/
Ul %o'|g 10 8n|q ul Wway} |age| pue [1puad ul sBuimelp TV oQ ‘9
‘uonsanb yoes Jo suononisul sy} 03 Buipiodde siamsue INoA Juasald 'S JLYNHILETD HOIM3S
"1aded uonsanb TWNOILVN
SIy1 Ul pasn walsAs Buuaquinu ay} 0] Buipiodde Aj19a1100 SIamsue ayl JaquinN b
abed 3N e Jo doj ayr 1e uonsanb HOV3 01 SIamsue ay) Uels ‘e
YO0S9 YAMSNY 38U} Ul S1smsue ay) 17V 8l 'z VaESY HLNOS 40 0Tand3d j
uogeanpd seeg _._« [ mf_
'suonsanb ayi 1V Jamsuy T jLsLLpEdE | L)

‘suonsanb ay) Buamsue aio}aq Ajjnyares suononisul Bumojjo) syl peay uc _”_..NU n _Um U_ .mm.ﬂ_

NOILVYINHO-NI ANV SNOILONYLSNI

rejdwax3 ZT apelD — OSN
¥T0z/3gaa z 2d/s90UsIoS 91

APPENDIX 2 149

Mind the Gap
Life Sciences CAPS




"¥NQ S uUmoys pioe a1gjonu ayy  d

"as0qu 1ebns ay) sureluod UMOYS pIoe JIgjoNuU 3yl D
1109192010

aouanbas ayl 01 Aiejuswadwod ag M uaalb aouanbas ayl g
‘sploe

oujwe Y613 Jo ureyd e 1o} SPOI ||IM pIde J18joNu jo uoiuod SIyl v

“* Jeyl 8pNjoU0d 0} |qeuoSeal S| 1l BIep SIyl Wo.-

nNNOoONO9OV

|99 [ewiue ue wolj usxel Saseq ploe d1ajonu
J0 9ouanbas e Jo uonoes |lews e sjuasaidal eyep Bumojoy syl

"Z savads pluiwoy o1 ueyl

¢ saloads piuiwoy 01 parejas A|9sojo alow are suewny ulspow g
"€ sa1vads pluiwoy o1 ueyl

Z sa1oads piuiwoy 01 parejas A|9sojo alow are suewny ulspow D
"SuBWINY UIBPOW pue saazuedwiyd Jo Joisaoue

'snobBAzolalay si $S0.10 8y ul panjoAaul jueld ead 1oys
‘ybiay 10} snobAzoiaray (e ate Buudsyo
'snobAzolaiay s sS019 8yl ul panjoaul Jueld ead |jel
'snobAzowoy S| SS019 8y} ul panjoaul Jueld ead |jey

<m OO0

*** 3y} 1By} apN[dU0d 0} 3|geuoseal
sl 1] ‘Buudsyo |1 Ajuo paonpoid Asyl ‘sass0I0 asayl Jo yoea
u] "ued ead uoys e yum Ajpareadas passolo sem jueid ead el v vT'T

"sIsolaw BuLINp SaWO0SoWoIYd

snobojowoy usamiagq suswbas pnewolyd jo abueyoxs @
‘sisolaw
Buunp sawosowoiyd snobojowoy jo JusWPOSSe wopuel D
‘uononpoudas Buunp sajawed Jo uones)|iua) wopuel g
‘sisolaw o} Joud saouanbas yYNQ Ul suoneInw
* ybnouyy uoneindod Budnpoidal Alenxas e ul asue sa|s|[e MaN ST'T
. av da
9TT o 2
d d
vV V

£uaIp|iyd anoge ay} Jo Jayiow ay3 Jo adA) poojq auys st Feym

uowwod juadal Isow ayy Algeqoid s| T sapads puuwoy g mwmm m_ﬁw
‘'suewny ulapow o} ale Ay} uey 0-2ZPIud
€ sanads pluiwoy 01 parejal A|aso|d alow are saazuedwiyd v v —T piud
*** Yeyr apnjouod o0} 8|qissod si 1l 8A0qe 3[Rl 8y} Ul erep 8y woi :sad) poojq
Buimojioy ayy yum uaipiyd ¥ sey aH v adAl poojq sey Jayrey v ZT1
DDL-191-OXD-DLV-XLL-VXX-XXX-VLX € saloads pluiwoH
©Bale Ue Ul U0)3|aXs OWOH auo ueyl a0l d
OVV-191-000-01X-DLL-VYXX-XOX-XDD Z se10ads piuiwoH B3J8 SWES B} Ul SUOID|SXS B[ewd) pue aeiN O
U0)9[8%S OWOH € 0} 3SO|J Sulewal fewiuy g
OVL-V1I9D-00L1-O1X-OL1-VII-11D-XD9D T sai0ads pluiwoH $x904 uo sbuinsed pue sbuimelq v
YVV-VOL-DVX-XXX-XLL-VXL-XXX-XXX aazuedwiyd ¢se10ads owoH Ajres ui uonnjoAs
[ein}nd Jo 2dUspINE Sk SaAIds Bumojioy 3yl Jo INO YdIYM TTT
11D0-0VO-11V-VI9-10V-920-001-1VvV uewny ulepon
aitrrtt
3ON3ANO3S YNAIW 40 NOILD3AS NSINVOHO a|dwexa 10} YOOg "YIAIMSNY ayl ul (OT'T'T O T'T'T) 48qwnu uonsanb

‘aouanbas uewny ulspow ay} Ul
punoj 1eyl se awes 8yl sem aseq YN ayi jey) sueaw sasuanbas
pluiwoy ay} pue aazuedwiyd sy ul X, 1818 8yl "sa1oads piuiwoy
991y} pue aazuedwiyd e ‘uewny ulapow e o} adusnbas (YNQIWw)
VNQd [eUpuUOyd0NW 3yl JO UOID3S B SMOYS MO[3q djgel ayl

rejdwoax3 ZT apess — ISN
¥10z/38a v

8yl 0] 1xau (g 01 V) Jeus| ayl AlUO )M pue Jsmsue 1081100 8yl aS00Yyd
‘suonsanb Buimoloy ayr 01 siemsue ajgissod se papiroid ase suondo snouep TT

T NOILS3ANO

ST'T V NOILO3S

sejdwax3 ZT apelo — OSN
2d/S2UB10S By ¥T0z/38d € 2d/s2Us19S Ay

Mind the Gap
Life Sciences CAPS

150 APPENDIX 2



(91)

JSA0 uin) 8ses|d

pansasai WbuAdoo

(ex8)
spuoq spndad g a|nosjow uizlold e ul
spuoq uaboipAy v | Jayiabol spioe oulwe pjoy jey) spuog 8'€’T
adAjousayd g wsiueblio ue ul
adAloArey v | juasaid sauab jo Juswsidwos nyayl 2T
aoueulwop a)8ldwod g JuRUILLOP
aoueulwopod v | Ajenba ale yey) susb e jo sege oML 9'E'T
piojdey g SaWOSOoWOIYD JO 18s 3|buIs & sey
piodip v Jey} |32 e JO uonipuod awosowolyy G'e'T
weibopep g
VNG [eHpuoyooiw v UOIN|OAS 10} 8OUBPIAT  t'E'T
sadAlouayd
uofjeleA snonuuod g alelpawiaiul jo abuel e s| a1y}
uoneleA snonupuodsip v | yoym ur uonendod e ulyum uoneeA £°€°'T
abueyd pideu Jo saseyd 10OYs yum
wsiumieq g | Buirewssye abueyd sy jo saseyd Buol
wnuqinba payenound v Jo Bunsisuod se uonnjoAs saquasag Z'€'T
uosyeM sawer g VYNQ Jo
MOUD sIoueI4 Y | @imjonas [edlay a|gnop ayl paianodsia T'E'T

1 NWN102

I NWNT102

(Tx9)

MO0d Y3IMSNV 8yl
ul (8°€°T 01 T'€'T) Jaquinu uonsanb ay 0} JXau 8Uou 10 ‘g pue v yiog ‘Ajuo g
‘Aluo v alUM Il NANTOD Ul SWa)l 8y} Jo auou 1o g pue v ylog ‘Ajuo g
‘Aluo v o1 saidde | NINNTOD Ul Siuswalels ayl Jo yoea Jayiaym ajeslpu|

2Iawonudd e Ag Jay1abol pjay swosowolyd e jo sued om) ay L

wsiueblo 1ayloue JO S||3d ay) ol 1l

Buinow uay pue u Bunejosi ‘auab sjgelisap e Buipuy jo ssadoid ay L

uoleuIWwI)ap Xas 1o} 3|qisuodsal 10U ale Jey) SaWosowoIyD

auab e Jo uoissaidxa [euonouny pue [eaisAyd ay

awosowo.yd e uo auab e jo uomsod ay |

uonipuod snobAzoislay

3y} ul puno} uaym adAlouayd syl aouanjul Jou SIOP eyl Jjaje Uy

9C1T

ST

T¢T

“Mood
HIMSNY 8y} ul (9°2'T 0} T°2°T) Jeqwinu uonsanb ay} 0} xau wid) ayy Ajuo

3l "suonduosap Buimojjoy syl o yoes 1oy wis) [2a1Bojolg 1081109 8y} SAID

rejdwax3 T apelo — SN

¥10¢/39d 9

2d/Sa2ualds 3y

(02)

(z x01) 'SOWIOSOWOIYI A
8yl U0 paredo| ale dnsuULRIRYD BYl Jo) SdIv|e Byl
'SaWO0S0]INE 3y} U0 Paledo| ale oNislaloereyd ayl Joj sa|aje ay)
'SaWOSOWOoIYd X

ale onsueeIeyd Byl Jo) S9B|e 8yl
*J3Y10 8Y1 JBAO JURUILIOP S| B|3||e BUO

8yl uo pareoo|

(O a]

d
\4

“** Jey) SPNJOUOD UBD M ‘sueWINy Ul SB[ewa) Ul Uey) sajew ul
Apuanbaly alow passaldxa S| JnsLBloRIBYD B SI9YM UOIeN)S € U]

‘auab Jejnoiued e loj sa|a|je om) Ajuo ale alay)

'suonisod

1UBJaYIp 18 ale dnsuadeIRYD dWeS ayl 1o} S9|ajje aIayIp ayl
"auab awes ay) 10} Sa|9|e JUaIaYIp OM] UBY) dIOW ale a1ay)
‘olIsLI@)oeIBYD IO Jel) B S|01u0d auab auo uey) aiow

a

“** sgafe adninw uj

9oUBUIWIOP JO ME|, BYL
juswiosse Juapuadapui Jo ajdidund s,japusiy
uonebhaibas Jo ajdiould s,]apusin

11 SISola|\l Buunp paAjey Si Jaquinu sawoSoWwoIyd ay |

<mOO0

¢0M} Jo pealsul ‘ansieioeseyd Jenaied e 1oy Ajuo aja|e
a|buis e Buiney sayoweb 1o} s)unodde BuIMmo|io) ayl J0 INO YIIUM

ad
o}
g
v

g
uoneoidas WYNQ Ul 1no20 Aay) Se SluaAe 8say) JO 18pIo 1081100 8y

‘spue.is a|Buls oM} SWI0j 3Nd30W YNA 8y} ‘Buipuimun 1ayy
*19L10 Yora 0} [BONUSP! BJe S3INJBjoW YNQ pawlo) Aimau ayl g
"S9PNoaJoNU 8yl UsaMIag wWioj spuog areydsoyd sebns g
"SpuR.llS OM) 3} JO Yyoes 0) puiq sepnosjonu Arejuswejdwo)d T
‘¥NQ Jo

uoneondas ayr o1 Bunejas uonewlojur sepiroid mojeq ISl 8yl

¢l

Jedwax3 ZT 8pelo — OSN
¥102/39d S

D g

OT'TT

8T1T

2d/s90Ua10S By

APPENDIX 2 151

Mind the Gap

Life Sciences CAPS



(v)

(€)

(1)

(1)
(1)

190 ulIn) ases|d

¥10¢/39d

' A 9||aueblo Je sind20
yoiym ‘pn ssaooud se umoys sisayiuAs uialold jo ued ay) aguosaq

‘uonduosuen Buunp YNQ Jo 8j01 8y} 8q1asaq

:pa||aqe| aseq snouabounu ayi Ajpuap|
A dluebio  (a)
X 3|nd3joN ()

:Buimoyjoy ayy Ayuap|

paniasal 1ybuAdod

v'ie

€Te

c¢1le

T17¢

‘sIsayiuAs uisroid Jo ssad0ud 8yl smoys mojaq welbelp ayl 12

rejdwax3 gT apeid — DSN
8

ZNOILS3aNd

g NOILD3S

2d/S20UI0S A1

0§

(8)
)

(1)
(1)

)
(1)
(1)

'V NOILD3S Tv1OolL

D ueld Jo adAlouab ayl umop 81IM pue uoleWIoUI SIY) 8SN

'Spaas mo||aA

punous pey Buudsyo ay [ ‘D wejd yum passosd sem g ueld usymn YT

ANy (@)
AN ()

:adAouab ay) Buirey Buudsyo ue jo adAiouayd ay) areis SVl

v 1ue|d Jo sajaweb ay) Jo sadAlouab ajgissod ay) Ty UMOP SILIA VT

gwed (q)
vield (e)

:Jo adAlouab syl umop AN IvT

"spaas uaalb ‘papjuLm pey yoiym ‘g weyd

UnM Pass0Jo Sem ‘INojod paas pue adeys pass Y1og 1oy snobAzolsiay ‘v wueld

*(A) spaas uaaib 1o}

a|9|e 3y Jano weulwop si (A) Spaas moj||aA Joy aja|re ayL (1) spass papjulm
10} 3Ja|le dy} Jano weujwop si () spass punol Joj aiaje ayl swueld ead u| VT

¥102/39d

Jejdwex3 ZT apelo — OSN
; 2d/sedusiog 8y

Mind the Gap
Life Sciences CAPS

152 APPENDIX 2



(z1)
()

(9]

(1)

(€)

(6)
(@

(1)

(1)

(€)

J19A0 uin) ases|d

paniasal ybuAdoo

(1)
(1)
‘uoneLen
onauab 0} SaINQLIUOD SISOIBW YdIYm ul shem QML 9quasag v'ez
Jwinno
[ewuou e sas|Uey N wlads j }nsal |Im Japlosip dnausb yeym €€z
Jo19web
Jewsou e ul 109dxa NoA pjnom Tz awosowolyd Jo saidod Auew moH zee
1 wiads
pue ¥ wiads ul juasaid sawosowolyd Jo Jaquinu ayl uredx3 Tee
N wiads
1 wuads J@&HHU
"1 Jred sawosowolyd Buimoys
1199 e yum Buniels ‘sisolsw [ewloude Jo }Nsal a8yl Smoys mojaq welbelp ayl €z
‘wesBelp ay) ul 49
uonrewloyul Buisn (B)y'z'z NOILSTINO 01 Jamsue unoAk urejdx3  (q) (€

¢suewny Aep-uispow o) pareal Ajasojo

‘OWOoH pue
sndoiyjuered yioq 01 asu aAeb Jeyl 101saoue uowwod ay) Ausp| 222
'S92In0sal 10} sisuabiagiaplay owoH yum paredwod
aney Aew reyr wsiueblo JINO Amuspl 0} weibeip ayl asn 122
m VAW §
0By sreaA uol||IN = YAIN
. sisuaureue
N snoayndoensny
q YAN ¥
sisualeje
.. Snoaundofensny
snoidojypee = VAN €
sndoiyjuered ,*
T w snueouye
s Lpemsmenme .... snoayndojensny
r “.. w } YAN ¢
125104 smsngol M_,_u%n Ja15E618 x._. T
sndoiyiuered sndoiyiuered OWOH,* o
2 VAN T
SPBETE]
sisuabliaqg|aplay owoH et OWoH
"”.-”.. __SIsuafeyuapuesu
& g OWwoH
q juasald
suaides owoH

"yJea uo paisixa
aney 0] panaljaq are swsiueblio ayy yoiym Buunp pouad ayy Moys sieq [edilan
ayl pue ‘sdiysuonejds Areuonnjors ajqissod sy ajedlpul saull panop syl
‘suewiny Jo uiblo ay jo uoneialdiaiul BUO SMOYS Mo|aq da13 anauabolAyd ay A4

‘abed snoinaid ayy uo welbelp ay) ul S aINONAS
Ag 1o} papod spioe oulwe Jo sdusnbas 1981100 Byl UMOP 3M

al0W S| ‘sisusjeyuapueau ‘H Jo Jaisells 'H ‘wsiuelio yoiyp  (e) 2T
‘(e)e'zz NoILSaNO
ul payenofed pouad awn syl Buunp palsixe snueduje 'y eyl
anoid 01 pasn ag pinod eyl aduapiAd Jo a2ald INO aweN ()
‘Bupiom |e
MOUS ¢UueT uo 1SIXd snuedlye Y pIp awi jo pouad reym Jo4  (e) ez

Jeidwex3 ZT apei — ISN
¥102/39a 0T

2d/sa0uads Ay

199 BUIDA|D

o)A SulUoIyIsN

101 auIlIbly
3d02 VYNd adldVv ONINY

"SBP02 YN JUBIBYIP

UM puodsaliod eyl Spide oulwe 3yl SMOYS Mojaq d|qel 8yl

rejdwax3 g1 apels — OSN

¥10¢/389d

6

ST¢C

2d/Sa2UdIds 3y

APPENDIX 2 153

Mind the Gap

Life Sciences CAPS



(€2)
(8)

(@

(€)
(1)

J19A0 uin) ases|d

*1dq 01 8oue)sIsal

dojanap Aew saoynbsow Moy ‘uoida|as [ednjeu Jo swia) ul ‘ureldx3 9T'E
'synsal 1y} Jo
Ajigerjas ayy anoidwi pinod SISHUBIOS Y} YIIYM Ul SKem OM L d1els STE
‘uoneBnsanul SIY} Ul pajj0Iu0d
a0 p|nNoYs Jeyl ‘pauonuaw asoyl ueyl JaYlo ‘sioley OML 3eis y'1Te
1aaio
uonealdde ayy 01 anp uonebinsaul ay) Jo pouad ay) Jano pabueyd
saounbsow jo Auenow ayr moy moys o0} ydelb auj e meiq eTe
‘uoneBnsanul siy} 1oy sisaylodAy e arejnwiioH ZTe
a|geuren uapuadag (@)
a|qelren Juspuadapu| (e)
aur Aynuapl TTE
[44 9T
yx4 4
G€ 43
S 0T
09 8
69 9
08 14
/8 Z
S6 0
(%) (SHLNOW NI)
S30LINOSOW 40 ALITYIHOW JINIL

"MO[3( 3]gel 8y} Ul UMOYS aJe S)Nsal ay L

‘syjuow 97 Jo pouad e 10) pamoj|o} sem ainpadoid

awes ay) pue syluow omy A1ans uoirendod siy) woly uaxe) sem ajdwes vy
‘9onpoJdal 0} Ya| 81am PAAIAINS Jeyl asoy L

'pPaluNod sem palp eyl sonnbsow jo Jaquinu ay |

‘A1ore10qe| 8y} Ul (Jnoy T Joy

1ad %) 1Aaq jo asop plepuess e 0} pasodxa uay) alem soynbsow ay |
‘JuswiuoliAUS 8y} woly solinbsow jo aidwes e painided Aay |

pamoj|o} a1am sdals Buimojoy ayL

'1@q o1 soynbsow jo aouelsisal ay) parebnsanul sIspUsloS

pansasal Wybukdod

Te

€ NOILS3NO

Tedwax3 2T 9peio — OSN
v10z/3ga zt

2d/Sa0uads Ay

[ov]
(2)

(2)

(1)

£uonnjons noge

apinold sainonas snobojowoy pue snobojeue op uonewIOUI JBYAM (R
'salnjonns snobojowoy
jussaldal eyl sweibelp OML Aue JO siaquinu 8yl UMOpP SIAA F A
¢y welbelg ul ainjonns
ayr o1 snobofeue s| leyl ainonns e sjuasaldas weibeip YaIym v
qui| uewnH
ey
quulj afeym ﬂww%u
Bum reg Bum Apanng
.\....|._....., —— l.\.. ....\\.....|ra..".,._
.ﬂf.} ==
=
ra -
¥ welbeiq ¢ welbelq gz weibeiq T welbeiq
'swisiueb10 ualayIp J0 sainjonns Buimoys mojaq swelbelp ayl Apnms 'z
Jejdwax3 ZT apelD — OSN
¥10z/38d 1T 2d/S20UaIos d)I

Mind the Gap
Life Sciences CAPS

154 APPENDIX 2



0ST
0c

(02)
(€)
1)

¥102/39d T

paniasal ybuAdoo

FIVLOL ANVYEO
‘O NOILO3S Tv10oL

‘swelBelp J0 Sueyd MOj JO WI0) Y} Ul SISMSUE 10} paplieme aq [IM SHlew ON 310N

'SISOUIUAS
“JusIu0D

"POO0} P3X002 0] POOy Med Wodj 131p Ul abueyd e pue wsiepadiq
SpJemo} Uaaq sey Uonn|oAd uewny ul pual) [esauab ayl eyl eapl sy Woddns suewny
ulepow pue sBulaq ayi-ade aanwiLd Jo UOIBIRNS 8yl JO Sued I8ylo pue s|Nys 8yl ul
saoualaylp ayl moy ureidxa pue ‘salnads mau wloy ued salnads a|buls e Moy aquasag

‘uoneroads ybnoiyy sieak jo
suol|jiw Jano sbuiag ayji-ade wouy Ajjenpelb pasjoAs suewny uiapow eyl ybnoy si 3

¥ NOILS3NO

O NOILO3S

_m_Qwam ZT |apel9 — ISN
2d/sa0uads Ay

08

[ov]
(z1)

()

(@

()

()

(q)
(e

(2)

‘d NOILO3S Tv10L

‘9 pue
G sjenpiaipul Aq pawloy aq Aew reyy Buudsyo ayr jo sadAiousyd
pue sadAlousb s|qissod ay) sulwisldep 0) SS040 Jnduab e asn gee
¢slalred
Alonuyap ale wsiuoieq Aq paloaye 1ou siaquiaw Ajiwe; Auew moH FAX

€ fenpinipul (q)
Z renpinipul ()

:Buimoyjoy
ay} jo adAouab ayy syels 0} A pue X ‘X sloquAs ayr asn T€e

) 9 ]

O WM Q MmO

alews) puijg-Inojo)
arewsy ewsony O
arew pug-nojod [l
srew rewsoN [ ]

‘AT 4 € 4 T

"UOISIA IN0J0D
[ewlou Joj Sja|le By} 01 SAISS3JaI S| WSlUoied Joj dj9|e ayL
‘pPANUII-X8S SI (SSaupulig-inojod udalb-pal) wsiuoleq ‘Ajlwe) e
ul wisiuoyeq Jo aduenlayul syl smoys mojaq weibelp aaibipad syl e

'SISaY10dAY eIy JO INO, Y}

yoddns 01 pasn sI YN [eLpUOY201IW JO SISAjeue ayl Moy aquasaq 22¢€
'sisaylodAy
oY JO 1IN, 3yl suoddns ajger ay) ul uonewloul sy Aym urejdx3 12¢€
[oToz AInc ‘olydesBoas jeuoneN ‘ansaiys aiwer ‘peoy Areuoinjong ayl wolj paydepy]
juasald—eAw z'o QPIMPJIOM suaides owoH
eAW £0'0—-SE‘0 rISY WIa1sap ‘adoing SIsuajeyuapueau owoH
eAw g£'0-9'0 euly) ‘adoing sisuabiaq|apiay owoH
eAw z2'0-S‘T elsy ‘adoin3 ‘eouyy SNJ08I8 OWOH
eAw $'1-€'2 (eonyy) uereyes-qns slliqey owoH
eAW 6'T-0'2 Bl UIBYINOS eqipas snoayudojensny
eAW 8'2-T'2 Bl UIBYINOS snuede snoayndoresnsny
eAW 8'z—'e oIV uId1se] sisuaseje snoayndoresnsny
aNNO4d SYM
IDONILSIX3 40 AOIHd3d 11 IHIHM VIHVY S3103dS

‘plom ayy Jo sued ualayip
Ul puno} S[ISSO} PIUILIOY SY} JO SWOS Saredlpul YoIym ‘mojag ajgel ayr Apnis

Jeidwax3 ZT apesD — OSN
¥T0z/39a €T

[

2d/s20uBIdS A

APPENDIX 2 155

Mind the Gap

Life Sciences CAPS



J9A0 uIN) 3ses|d paniasal ybuAdoo

"1paId Jou og
(esJan a9IA pue) uaAIb sI aweu ayl AJuo 1nq 10} payse sI Jana| ayl Ajluo y|  ¥T

‘Bunaawl UoISSNISIP OWaW [euoneu ay) Je paydasde sem )i papinoid 1dadoy
ABojouiwial ul UsAIb aJe saweu UoWWOd §| ‘€T

“IX@1U02 JO 1IN0 S| 1 JI 10 SAIUBIDS
aJ17 U1 as|a Buiyldwos ueaw jou saop I papiroid ‘Jamsue ay) 1dadoe ‘a|qesiubodal §|
sJolid Buljjads gt

1dagoe J0U 0Q
Bulueaw papualul ay) sabueys pasn abenbue| )| ‘TT

"a|qe1dadoe si
‘uanib si Jagwinu Buoim ayy Ing suonsanb jo aouanbas 1081100 3y Oul i} Jamsue |
Buiaquinu Buoip\ 0T

"1091100 JI JOMSUR 8y] JO 1SaJ Y] IIPaId INg uoneIAaIgqge
pasiufooalun syl 1IPaJd 10U Op ‘pauldp 10U J| “JOMSUR Ul paulyap 1Sy Ji 1ds0oy
suolneiralqge pasiuboodal-uoN ‘6

“JpaIo swnsal ‘urebe 1081100 3W003q Syul| pue 3ouanbas J| IPa1d 10U Op ‘103.1100Ul
ale syull pue 8ousnbas aI8UA\ NPSID ‘1081100 ale syul pue dousnbas 818y
9SUSS 9Bl 10U Op SHUI| pue pajppnw si aouanbasy g

"S)JeW 8s0| [|IM Salepipue)
suondiiosap Jo pealsul usAlb ale sueyo Moyl | L

"SyJew aso| [|Im salepipue)
paJinbai are suondiiosap usym suolrelouur yim uaaib are sweibeip y ‘9

‘Buire|ngel 10U 10} Syrew 3so| ||IM sarepipue)
uanlb ase sydeibelted 1ng pasinbal si uone|ngel y| g

"1ea|d aJe SalIe|IWIS/SaoudIBYIP 3y} J 1dadoy
uaAIb are suondiiosap Ing 10) payse ate suosiedwod j|

“Wed ueAs|al ay) Ipalo pue e peay
palinbai si 11 jo 1ed e Ajuo uaym uanlb sI ssadoid sjoymy| g

*1081100U1/108.100 B3I SWOS 10 |8 JaylayMm Jo aAnoadsalll aaiy) 1S 3y} Yie
uaAIb ale aAl) pue palinbai ase suoseal 9a.y) ‘ajdwexa 1oy 'y 2

‘uibrew puey-ybu
3y} Ul Xew, pue aull Anem e Ind pue payoeal S| SyJew wnwixew usym Bupiew dois
uanIb sI pajedo|e syJew ueyl uonewlojul alow §| T

S3ONZIOS 3417 ONIMIVIN OL d31v13d S3T1dIONIdd

wnpueloway — sejdwax3 ZT apeld — OSN

¥102/39a Z 2d/S82ua19S 31

LT L H

safied || jo S5151SU0D WINpU ERILES 51 )

05k “SHEI

.H.-.I-I-I-..-'.r-.l.-.l.-IIIIII'li‘lll.l.l.'i'l-‘llll..—#

WNONYHORIN

FLOZ Y 1dNERE

L

£d S3INFDS 3417

s ERER R RN AR R R IR A A RE AR R FS PR R R R EEEET

slEEZEIEEI G

+*

ﬂ 21 3avED _

1Y HAILHIT HOINES

TYNOLLYN

YIIH4Y HLNOS 40 28nd 3«
ucqEsnpS Mseg
jusLeden

uonEJNp3 JIseq

Mind the Gap
Life Sciences CAPS

156 APPENDIX 2



[os]
(8)
(@)

(1)
(1)

(@)

(1)
(1)

(91)

(9)

(02)

19A0 uin} asea|d

(zx8)

(Tx9)

(zxo1)

¥102¢/39d

L rAAEY

spaas Amo||aA ‘punoy  (q)
Spaas »Mmoj|ak ‘papjuupy ()

A RN RY AY

AR (a)
rAY (e)

+Ruo g
A ABUON
++Ajuo v
+Aluo g
s rRlu0 v
+Auo g
++Au0 v
»,49 puey ylog

_ASpiewoyd

uolreulquodal YNA/ABojouyosiolg
Juone|ndivew yNQa/ ~Bunsauibua onsusan

_ASaWOoSoINY
radfousyd
ASN207
_AANISS9I9Y

8
A8
x|
+Q
A2
+ra
AN
AP
|
AP

wnpueiowsiy — _m_Qmem 2T 9pel9 — OSN

14

paniasal JybuAdoD

A

€Vl

A

v

8°¢T
L'EeT
9¢1T
SeT
veT
€eT
¢eT
TeT

9¢CT

A

€T

1

T

T NOILS3aNO

VvV NOILO3S

2d/S99UBI0S Ay

J9A0 Ui} asea|d paniasal WybuAdod

‘pasn aq 1snw saouirold By} eIA
uoneanp3 oiseq Jo uawiedaq [euoneN ayi Ag panguisip pue siorelspow Isnjewn
3y} pue Jojelapow [eusaiul [euoreu ayy Jo sainreulis ayl Buuesq epueiowsw AUQ

epuelowaw [eIdIYO 02
‘(Aressadau alaym sioyelapouw Isnjewn ay)
pue) JojeJapow [eulaiul [euUoeU 8yl YIM JNSUOI |JIM UIN} Ul OYM JoYelapow [eulalul
ferouinoid ay) BupNsSuod INOYIM EBpuBRIOWSW BY) 0} apew aq Isnw sabueyd oN
wnpuelowaw ay} 0} sabueyd 6T
‘sabenbue) [e1olyo |[e o1 a|gesljdde s SIy L ‘PayNSuU0d ag pjnoys
abenbue| [e1oljo JueA3|a) By} Ul JuBIKoId SI Jey) Jaxlew Y 1091102 S| )l JI palpald
8 p|noYs SIamsue Iay/siy Ul Jusxe 1sareald ayy 01 pasn abenbue| juswssasse
Slaurea| ayy ueyy Jaylo abenbue) [ediyo Aue ui (s)readde reyl omy Jo piom ajbuls v
(s1daou09 pue swial) sabenbue| [e10140 Jo BulydlIms-apo) 8T
‘uondea e aney 1snw (*018 ‘sajqe) ‘sydesb ‘swelbelp) suoensn|| v
uonded /T
‘Aem Jualaip e ul parels aq Aew YdIym ‘JIomMsue Ue JO aSUdS 9y} 0) dAINISUSS g 9T
‘Ajoresedas snun 1o} Syew ayedo|[e |[IM WNPUBIOWSA "SyJew aso| ||Im sareplpued
S)uswainseaw ul uaAIb Jou ase syun | ‘GT
wnpueiowsy — ejdwax3 gT apes9 — OSSN
¥102/39d € 2d/S90uUa1ds |y

APPENDIX 2 157

Mind the Gap

Life Sciences CAPS



19A0 uln} ases|d

lov]
()

() * AlOlS90UR

uowwod e aney swsiuehio oMl Yeyl moys sainioniis snobojowoH

_layio yaes jo Apuspuadapul

panjoAs swisiuefio om) Jey) Moys sainjoniis snoboreuy

(@ v® €/ B2 /€7 T SWeibelq

(1) T weibeig
(e1)

) (¢ Aue) _ sawosowoiyd reussred pue

[eusarew JO SUOBUIGUIOD Judlayip aney o) salaweb ay) buimoje —

s|puids ayy jo Jorenba sy uo ssAem juatayip ui dn sul Alew  —

aWOSOWOIYD Yoea/ ASawosowolyd snobojowoy jo Jred yoea —

1/ ~1 8seydersy Buung -

(¥ Aue) sjuated yioq

wouy [euslew onauab Jo xiw e Buiney sweb yoes o) Buipes] —

_rpabueyoxs are —

_rsawiosowoiyd snobojowoy Jo spiewolyd jo sjuswbas  —

AT oseydoid ur  —

_Jano Buissoso buung -

(1) _rdwoIpuAs umoq

(1) »T
(e

T aseydeue Buunp
uonoun(sip-uou/ ,a1eredas jou saop
 lred swosowoiyd snobojowoy syl -

wnpuelowsy — _m_n_rcwxm 2T 9apel9 — OSN
¥10z/38d 9

J9AO0 uIn) asea|d

paniasal ybuAdod
(6)
(@) _AsIsuablag|apiay H Woljy ~pPanjoAd yiog
d0
_rloisaoue
() _AUoWWOI e aleys suaides ‘H pue sisuapeyuspueau 'H (q)
(1) _AsisSusjeyuspuesu ‘H (e)
(9] slissod (0)
(€) AW 2100 =AW g’z —eAw g
0
vz AMw 29'0 =AW Ap'z —eAWE (B)
v'e m _Asisuaieje 'y
Tve e 1) ASNo8Is "H
(1)
e 19PJ0 1991102 3y} Ul) AduluIbly A ‘BUIDAID A ‘BUIUOIYIBIA
duIlbay A AD 1
¥) (7 Aue) udj04d pasinbal sy wioy 0} —
_spuoq apndad Ag payoene awodaq spioe oulwe ay| -
_Auone[suel) pajed sisiyl -
_A8WOS0QL 3y} 0} Spioe oulwe palinbal ay) buug -
_Asuopoonue Buiyorew yum sajnosjow NSl —
AVYNYHW U0 Suopod ay} 0} Buipioddy -
(€ AYNYW wioj oy —
vez are|dwal e se pasn S| YN JO puens auQ  —
SNajonu aAes| Jouued Ing suisiold senapled e 1oy Sepod YNa -
€ee
(1) 20 (a)
ze2 (1) 29 (e)
(1) rawosoaqry  (q)
(1) AVNQ (e)
T€ee €¢
wnpuelows|y — fejdwax3 gT apeid — OSN
2d/S@2us|os 8y ¥702/394 S

paniasal ybuAdoD

Te¢e e

TT¢ T¢

ZNOILSaNO

2d/S92UI9S A1

Mind the Gap
Life Sciences CAPS

158 APPENDIX 2



APPENDIX 2 159

J9AO UIn) 8ses|d pansasal ybuAdod
JBAO0 uIN} 8ses|d paniasal ybuAdod SIXe-A pue sixe-X Jo Buljjaqe| 104 1S0| a9 ||IM SHIeN -
:pasodsuel; are saxe J|
(g) ,ydelb jo adA1 1081109, 10} 1SO| BQ [|IM SHIRIN -
(e) AROIJY Ul PAISIXa Jey) aews) [el)sadue ue 0} padel) alam — :umelp si ydeub jo adA) Buoim auy |
VN [eUPUOYI0HW 8} UO ssuoieinu  — .
_APIIYd 01 Jaylow woiy umop passed s YNQ [eHPUOYIOUN — 2Ze ‘310N
@ ROV Ul punoy AJUO 81aM S10)S82UE UeWNY JO S|ISSO} 1S8P[0 8y L 12¢€ FAS
(Syiuow) swiy
(€2) - EH M i1 (1] ¥ g i i
(8)  (8Aue) * asuonelauab ay) 1ano

sasealoul aIoja1ay) saounbsow juelsisal-1dQd Jo Jaquinu 8yl —

-uoireindod ay) woly 1SO| ale S99k JIdBy) pue  —

_9Ip ‘JUElSISaI JOU BJe eyl asoyl  —

'Bundsyo ay} 0] souessisal 1oj 9|3jje ay) buissed —

'‘aonpoudal uayl syl pue —

_ABAININS JUB)SISaI aJe Jey) asoy) —

paldde si taag usym - pa_lopee e
_°1aq o11uessisal Ajjeinjeu aq Aew saounbsow swos  —
‘saojnbsow ay) 1sbuowe suoirenen onsuab sjaisyl —

_A'ANIAINS UeD Uey) paonpold ase saolnbsow aloN — 9T'E

(@ (cAhue) (Kluo OM L 1S.14 S N) |
ARureuow |

abesane ay) arenoed pue awn yoea sajdwes Auew axe] — |
_uonebisanul ay) readay — |

saoynbsow jo ajdwes Jobieje asn - ST'e
(@  (chue) (Aluo OM L 18114 S IN) L o
_ uonrebnsanul
ayl jo powad |ny 8yr Jo} WNY 89 Jou pnoys sounbsop - bldlirid wl o Groided &
2 uonebnsaul By ] o] Tob Sl il o S i 0w s el s L e R S

8y} Jo pouad |Iny By Joj pasn ag IsNW ISHUIIDS Bwes ayl -

_ uonebnsanul

ayl jo pouad |ny auyr Joj suonipuod Aioreloge| [eonusp| — eT'E
o)nbsow jo sapads swes  — y1Te
(€) _A8WI IBAO 4 BWES 3y} urewal ||
© 1da@ o3 soynbsow jo aduelsisay/ »1AA 0} anp Aljenow oynbsow
sylew g — Apoatiod panojd swiod 6 ||V sjuiod H0
4 Yrew T — Ajjoa1i0d panojd sjuiod g-T 40 Bumold AW JOAO 4 BSB3I0Ul [|IM
(%) seounbsow Jo AJ[eLIo| :Sixe-A 10} SHUN pue [age| 1981100 1da@ o3 soynbsow jo sduelsisay/ »1AA 01 anp Aljenon oynbsow
1 ANV 9[eds areudoiddy sixe- A d0
(sypuow) swiL :sixe-X 1o} SHUN pue [aqe| 1991100 A8UWI JIBAO A BSBBIISP [|IM
T ANV 3Jeds sjendoiddy sixe-x 1aa o1 sounbsow Jo souelsisay/ »1AdA 01 anp Alfeuo\ onnbson zTe
Buwil, pue
T ‘saonnbsow Jo Aufeniow abeiuasiad, :Sa|geLeA y1oq sapnjoul uonded (1)  saounbsow jo Aureno ()
T umelp ydesd aurq | ydeib jo adAL . )
e uoleloqe|3 uonaIID (™ rouL (e) TTe TE
yde.b ay Joj uoieIO|[E YIen € NOILS3INO
wnpueiowsy — Jejdwax3 T apeso — OSN wnpuelowsy — Jejdwax3 ZT apei9 — SN
v10z/39d 8 2d/s90Uaas I ¥102/39a L 2d/S80uslds 8y

Mind the Gap
Life Sciences CAPS



(1)
(9)

(9)

(S)

JOAO uln) ases|d pansasal ybuAdon
‘sIsayIuAs
RIVE [1e%e)
(g Aue) ‘Buimayo pue Buniq ‘Buiresy/ ~Buisseooid Jo Junowe swes

8y aiinbai 10U SB0P el PO} PAX009 JO 18IP B UO Aja1 SUBWNY UIBPOW Jey) ajedlpul
_ABuimayo 1oy sajosnw

Jajrewss jo aouasald ayy 0} anp sabpl Moig/elueld JO ddUasge Y} Se [|am se
_snoyreuBoid SSa) |INXS 8y} Sayew yaiym

A9ZIS Me[ J9|[ews ay) Se ||am se

_saulued ay Buipnjaul ‘yiesl Jajrews ay L

(g Aue) ‘Buimayo pue Buiig ‘Buriesy/ ~buissedsoid
Jo junowre 1ealf e paiinbal Yeyr pooj mes are sBuisg axi-ade ayl 1eyl aredlpul
~smef ay) a1elado eyl sajaosnw abiie| yum payeioosse sabpl molg/[elueld se ||am se
_snoyreuBoud |InXs ay) saxyew yaym

smel Buo| pue abire| ay) se |jam se

_rsaulued ay} Ajjerdadsa ‘yies) abire| ayL

pOO0} Pa3009 0} POO) MeJ Wol4 181p 3y} ul abueyd

(g Aue) _lepadiq ase suewny ulspow yeyl sajevlpul
_aulds paaInd ayy pue

sinjad Japim ayy

* AllMs a1 uo wnubew uswelo} a8y} Jo uonisod premio) ay L

e o o o

(g Aue) lepadupenb alem sbuiaq axi-ade ay) yeyl sareoipul
_aulds paaInd-ssa| ay) pue

sinj@d modreu ayy

‘ AlINS 8y} uo wnubew uawreloy sy jo uomsod premydeq ay |

wsiepadiq jo 1uswdo|arap ayl

(g Aue) saloads
Jualaylp Buiwosag snyy ‘Alaylo yoea ynm aonpoidal 0) ajgqe ag Jou [Im Aay) e
‘ aurebe xiw o3 alam suonejndod omy ayy Ji uang e

' rAjleaidAiouayd pue AjjeaidAloush

laypo

yoea wouy walayp Aien swodeq suonendod om) ayj Jo sfenpiAlpul 8y} reyl yons
suoirendod om} sy Jo yaes ul Apuspuadapul SIN220 UOIIBISS [einjeN

‘ ASUONIPUOD [BJUBLUOIIAUS JuaIBlIp 0} pasodxa aq Aew uonendod yoes asuls

_ 'suolyeindod om} ay) usamiag mojy auab ou mou si a1ay L

' ssuolyeindod omy ojur syjds uonendod e

sa109ds mau e jo Juswdojaaap aylL
¥ NOILS3ANO
O NOILO3S

wnpueJows i\ — hm_Qrtmxm_ 2T 9pei9 — OSN

¥102/39a 0T 2d/S92us10S 81

J9A0 WIN} 9ses|d pansasal WbuAdod

08 ‘g NOILO3S Tv1OoL
[ov]
(1)
(9)  (9Aup) uoles||ilg) pue SISO
T4 % Td/ ~Bundsyo pue sjuared
arew puig arew adAouayd

-IN0j09 T [ewlou T Saewsd) rewsou gz adAouab T4

_rsadAjlouab 1981109 1o} ylew T
_rsalaweb 1094109 10} ylew T

ApX AgX A uonesi|jiaH
bXDX ! DXDX ! DX {
pX | gX | sowweb |
SISOIBN
269 X 69 adAiouab

palpoq Aaub x paipoq Aai9 adAlouayd juared/Tq
40

(9 Aue) _AUOIIeSI[118) pue SISOIBN
T4 % Td/ ~Bundsyo pue sjuared

arew puiq arew adAouayd
/ -IN0j09 T [ewlou T Saewsay rewsou gz adAouab T4
y ApX ‘AgX XX XX
uonesi|ied
A A oX X pX X 9
SISOIBN
P AgX X pXX adAiouab
2 aew ewlioN X a[ewa) [ewlioN adAiousyd d cee
(@ £ zee
(@) AAGX (@)
(2 2oXpX  (B) Tee €€
wnpuelows — fejdwax3 gT apeso — ISN
v10c/3ad 6 2d/S80usIos 8y

Mind the Gap
Life Sciences CAPS

160 APPENDIX 2



0ST 1VLOL ANVYO
0Z O NOILO3S TviOoL

paniasal ybuAdod

*Aoa1i02
paquosap ale uonsanb
8y} Jo sjoadse aaly ||V

‘Alreaibo|

paure|dxa ale 1alp ul
abueyo pue wsirepadiq jo
juswdojanap ay) ‘saldads
MaU e Jo Juawdolanap
ay) ‘Ajressua

‘(uoirewoyul
jueAajalll ou) uaaib si1a1p
ul abueyd pue wsiepadiq

Jo uswdolanap

ay) ‘saloads mau e

Jo uawdojanap Buiprebal
uolyewlojul AluQ

uoisuayaidwo)d

aouanbas [eoibo]

9dUeAD|9Y

¥10¢/39d

AVSS3 3HL 40 NOILVINIS3dd IFHL ONISSISSVY

T

wnpuelows|y — Jejdwax3 ZT apels — DSN

Td/S90U310S a)i1

APPENDIX 2 161

Mind the Gap

Life Sciences CAPS















The Mind the Gap study guide series assists you to make the leap by studying
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