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Introduction

General Introduction

This study guide helps you to prepare for the end-of-year Life Sciences Grade 12 exam. It
does NOT cover the entire curriculum, but it does focus on the areas of regularly
examined content in each strand and topic.

You need to use this study guide to identify your areas of weakness, improve your
understanding, and assist your memory retention.

To ensure the highest level of performance, you should also cover the remaining
sections of the curriculum using your textbook, class notes, revision questions and
examination papers.
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Introduction

Overview of the National Examination for 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:
Table 1 Content and approximate mark breakdown for Paper 1 and 2
Paper 1 Paper 2
1 Meiosis 11 marks 1 DNA: Code of life 27 marks
1 Reproduction in vertebrates | 6 marks 1 Meiosis 12 marks
9 Human reproduction 31 marks
1 Responding to the 40 marks M Genetics and inheritance | 45 marks
environment (humans)
9 Human endocrine system 15 marks 9 Evolution through 23 marks
Homeostasis in humans 11 marks natural selection
1 Responding to the 11 marks
environment (plants)
1  Human impact on the 25 marks T Human evolution 43 marks

environment (Grade 11)

Total | 150 marks Total | 150 marks

Both Paper 1 and Paper 2 will include the following types of questions:

Table 2 Layout of Paper 1 and 2

Section Type of question Marks

A Short answer, objective questions such as multiple-choice questions, 50
terminology, columns/statement and items.

B A variety of longer questions based on graphs, diagrams or text. 2 %30
There will be two questions of 30 marks each. Both of these questions will
be divided into three to four subsections.

C Consists of two parts:
9 Dataresponse questions. 20
1 A mini-essay (this may address one or more learning outcome). 20
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STRAND 1 Life at the molecular, cellular and tissue level

Overview

Unit 1 Deoxyribonucleic acid (DNA)

9 Nuclear and extranuclear DNA and karyotypes
9 Structure, function and replication of DNA

1 Genes, mutations and use of DNA in

. TOPIC1 P biotechnology
Life at the 1 Fage1o

molecular,

cellular and
tissue level

Unit 2 Ribonucleic acid (RNA)

9 Structure of RNA

9 Three forms of RNA: mRNA; tRNA and rRNA

1 Functions of RNA in protein synthesis:
transcription and translation

1 Genetic code for the production proteins
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TOPIC1 DNA: The code of life

Units 1 and 2

Nucleic acids are large molecules that are in all living things. There are two kinds of
nucleic acid: DNA and RNA. They are both polymers, because they consist of
nucleotides connected by chemical bonds.

1 Location of DNA and RNA

1 Two kinds of nucleic acids are found in a cell, namely DNA and RNA.

1 DNA is found in the nucleus of eukaryotes and in the cytoplasm of prokaryotes.

1 Extra-nuclear DNA is found in the chloroplasts and mitochondria in the cytoplasm
of eukaryotes.

1 RNA is found in the nucleus and cytoplasm.

1 RNA is found in three forms: mRNA (messenger RNA); tRNA (transfer RNA) and
rRNA (ribosomal RNA).

2 Structure of DNA and RNA

Both nucleic acids are made of building blocks (or monomers) called nucleotides.

Table 3 Structural differences between DNA and RNA

DNA RNA

1. Double helix of two complementary strands) 1. Single stranded

2. The sugar group is deoxyribose. 2. The sugar is ribose.

3. Nitrogenous bases are adenine, thymine, 3. Nitrogenous bases are adenine, uracil, cytosine
cytosine and guanine. and guanine.

4. Located in the nucleus, the chloroplast and 4. Located in the nucleus and cytoplasm
mitochondrion

5. In the form of chromatin and chromosomes 5. In the form of mRNA, tRNA and rRNA

6. Fairly stable molecule 6. Very unstable molecule that breaks down rapidly

© Via Afrika Publishers >> Life Sciences 12 Study Guide eBook 4




TOPIC1 DNA: The code of life

DNA nucleotide RNA nucleotide
O v () N D

P — phosphate group

D — deoxyribose sugar

R - ribose sugar

N - nitrogenous base (adenine, thymine, guanine, cytosine or uracil)

Figure 1 DNA and RNA nucleotides

Double-stranded, spiral DNA molecule Single-stranded RNA molecule
phosphate

deoxyribose
sugar

nitrogenous base

ribose sugar

hydrogen bonds

Figure 2 Structural differences between DNA and RNA molecules

3 Functions of DNA and RNA

There are five main functions of DNA, as follows:

Carrying genetic instructions (codes)

Maintaining structure and regulation of metabolism
Protein synthesis

Passing on hereditary material

= =4 4 -8 -

Replication and reproduction
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TOPIC1 DNA: The code of life

There are three main functions of RNA, as follows:

1 Manufacture and structure of rRNA (ribosomes)

1 Transcription of the genetic DNA code into mRNA
1 Translation of mRNA into proteins (polypeptides).
4 DNA replication

2 Template forms

Each strand acts as a
template for the formation
of a new complementary
strand of DNA, forming two
sets of DNA.

1 Unwind and unzip

An enzyme (helicase) breaks
weak hydrogen bonds between
base pairs, separating the

two strands of the DNA

molecule of the parent cell. & Nusleutides pairup

Free nucleotides in the

= . .
\7 nucleus pair up with the

bases on the exposed

single DNA strands. An
enzyme, DNA polymerase,
matches the bases on the
template with the free
nucleotides through
complementary nitrogenous
base pairing.

5 Helix forms

There are now two
identical molecules of
DNA, both of which are
double-stranded. Each
one twists to form a helix.

4 Bases pair up
Pyrimidine bases (thymine
and cytosine) pair with
purine bases (adenine,
guanine).

Figure 3 DNA replication

5 Transcription from DNA to mRNA

)l

The genetic code is a set of instructions coded for in a triplet base pair of DNA. This
codes for matched, complementary triplet base pairs of mRNA.

In mRNA the genetic code for the amino acid sequences of proteins is contained in
the three mRNA triplet base pairs called codons.

The tRNA molecules have complementary anti-codons and carry a specific amino
acid to a specific position in a protein molecule.

Depending on the nucleotides of the codon, different amino acids will be coded for.
No codon codes for more than one amino acid.
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TOPIC1 DNA: The code of life

Complementary

DNA template strand mRNA strand
; uracil base instead of thymine
5'end i
/ 3'end

sugar group is
ribose, instead of
deoxyribose

5'end

Figure 4 Protein synthesis: transcription

6 Translation from mRNA to protein

Step 1 Step 2 Step 3

growing polypeptide chain

amino acid

Key:
A =tRNA arrival site
E = tRNA exit site

Figure 5 Protein synthesis: translation

7 Uses of DNA replication in biotechnology

DNA replication in biotechnology and genetic engineering is important for:

1 Cloning cells in tissue culture

1 Gene splicing to produce resistance to certain diseases, and to manufacture
antibiotics, insulin, growth hormone and genetically modified organisms

1 DNA profiling (‘fingerprinting’) and forensics

e

Paternity and maternity testing (genetic lineage)
1 Genetic counselling of parents to inform them about inheritable disorders and
conditions.

© Via Afrika Publishers >> Life Sciences 12 Study Guide eBook 7



TOPIC1 DNA: The code of life

Questions

Question 1

Various answers are provided to each question. Choose the correct answer. Only write
the letter of the answer you select next to the question number.

1.1 The difference between a nucleic acid and a nucleotide is that ...

A nucleic acids are monomers of nucleotides.

B nucleic acids are acidic while nucleotides are basis.

C nucleotides are monomers of nucleic acids.

D nucleotides are large while nucleic acids are small molecules. (2)

1.2 The dark threadlike structures inside the cell nucleus are known as the ...

A chromosomes.

B nucleoli.

C centrosomes.

D centromeres. (2)

1.3 Where will the weak hydrogen bond break during replication? Between ...

A the phosphate group and deoxyribose.

B cytosine and guanine.
C thymine and guanine.
D Ribose and thymine. (2)

1.4 If the sequence of the basis in part of a single DNA strand is adenine-guanine-
adenine-cytosine, then the sequence of bases in the complementary strand will
be ...

A sugar — phosphate — sugar — phosphate.

B adenine — guanine — adenine — cytosine.
C uracil — cytosine — uracil — guanine.
D thymine — cytosine — thymine — guanine. (2

1.5 The synthesis of protein in a cell takes place at the ...

A centrioles.
B cytoplasm.
C ribosomes.
D chromosomes. (2
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TOPIC1 DNA: The code of life

1.6 Translation of a mRNA molecule with 48 nucleotides produces a polypeptide of

3 amino acids.
12 amino acids.

16 amino acids.

o O w e

48 amino acids. (2

1.7 The diagram below shows the changes in cell mass and DNA mass during two
cell cycles.

. 4
Inck 1
T T T o Incn
0 12 24 36 48
Time (hours)
It can be concluded from the diagram that during the cell cycle ...
A interphase is the longest phase.
B the cell is dividing between 24 and 36 hours.
C replication takes place between o and 12 hours.
D cytokinesis takes place at 12 and 36 hours. (2)

Question 2
S

Give the correct term for each of the following statements.

2.1 The organelle which controls the structure, the metabolism of the cell, and
contains the hereditary characteristics.

2.2 Threadlike structures which consist of DNA and proteins and carry the

hereditary characteristics.
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TOPIC1 DNA: The code of life

2.3 The monomers of nucleic acids.
2.4 The nucleic acid found only inside the nucleus.
2.5 The process during which the DNA molecule produces an exact copy of itself.

2.6 The type of nucleic acid which carries coded messages from the nucleus to the
ribosomes.

2.7 Three consecutive nucleotides on a mRNA strand.

2.8 The nitrogen base found only in RNA.

2.9 The organelles in the cytoplasm where the proteins are synthesised.

2.10 The type of RNA that carries triplet anticodons.

2.11  tRNA carries these organic compounds to mRNA for proteins to be synthesised.

2.12 The compound in the nucleus that has the instructions about the correct order of
the amino acids for each protein.

2.13 A technique that identifies the DNA from an individual.

2.14 Techniques where information in the nucleus of a cell is changed so that the cell
acts differently.

2.15 The name of the sugar making up the mRNA molecule nucleoides.

2.16  The synthesis of a mRNA molecule on the pattern of one of the strands on the
DNA molecule. (16)

Question 3
S

Match the words in Column A with the explanation in Column B.

Column A Column B

3.1 Adenine A | Produced in the nucleus by transcription

3.2 Anticodon B | The site of protein synthesis

3.3 Translation C | Complementary base triplets in tRNA

3.4 Ribosomes D | Complete set of genetic codes in a species

3.5 tRNA E | Amino acids are arranged in a specific order
3.6 Transcription F Always joins to a guanine nucleotide

3.7 mRNA G | Three successive nitrogen base in mRNA

3.8 Codon H | Always joins to thymine or uracil nucleotide
3.9 Cytosine | Collects and delivers amino acids to ribosomes
3.10 Genome J Transfers genetic information from DNA to mRNA

(10)
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TOPIC1 DNA: The code of life

Question 4

|
The diagrams alongside show the DNA finger prints from the scene of a crime and the
DNA finger prints from three suspects. All three suspects have alibis (proof) that they
could not have been present at the scene of the crime.

>

DNA fingerprint from
the scene of the crime

41 What conclusions could you make based on the DNA evidence in the diagrams?

4.2 Where could the DNA material have been obtained from the suspects?

Question 5

Study the diagram below illustrating protein synthesis and answer the questions that
follow.

nuclear membrane

X

ribosome

5
4
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TOPIC1 DNA: The code of life

5.1 Name the molecule labelled 2. (1)

5.2 Using the letters of the genetic code, write down the complementary nitrogenous
bases on strand 1 of the DNA double helix, starting from the top. (2)

5.3 The table on the next page shows the base triplets of tRNA (anticodons) that
correspond to the different amino acids.

Base triplets (anticodons) of tRNA that correspond to different amino acids

tRNA anticodons amino acids
UGU threonine
CGU alanine
uuu lysine
ACA cysteine
GCA arginine
GUU glutamine
CUA aspartate
CCA glycine
AAA phenylalanine

Use the diagram on the previous page and the table provided to do the following:
5.3.1 Write down the anticodon at 3. (1)
5.3.2 Name the amino acid at 5. (1)

5.3.2 State how the composition of the protein molecule would change if the
base sequence of the first codon (from the left) of molecule 2 was UUU
instead of CGU. (2)
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TOPIC1 DNA: The code of life

Question 6

The diagram below shows the formation of a mRNA molecule using a single strand of
DNA molecules as a template.

6.1
6.2
6.3
6.4

6.5
6.6

Identify the parts numbered 1 to 12. (12)
Name the chemical bond at X. (1)
What is the process in the diagram called? (1)

Where and when in the cell does the process shown in the diagram above occur?

)
State FIVE differences between DNA and RNA. (10)
Explain clearly the differences between mRNA and tRNA. Use both structure and
function to explain the differences. (4)

TOTAL MARKS: 75
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TOPIC1 DNA: The code of life

Answers to Questions

Question 1

S
1.1 cCVvVv (2)
1.2 AVV (2
1.3 BVV (2
1.4 DVV (2)
1.5 cCVvVv (2)
1.6 cVvv (2
1.7 AVV (2)

Question 2

2.1 nucleus V

2.2 chromosomes V

2.3 nucleotides V

2.4 DNAV

2.5  replication V

2.6 mRNAV

2.7 codon V

2.8  uracilV

2.9  ribosomes V

2,10 tRNAV

2.11  amino acids V

212 mRNAV

2.13  DNA profiling / fingerprinting V
2.14 Genetic engineering / gene splicing V
2.15 ribose V

2.16  transcription V (16)
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TOPIC1 DNA: The code of life

Question 3
S

3.1 HV

3.2 cVv

3.3 EV

3.4 BV

3.5 Vv

3.6 ]V

3.7 AV

3.8 GV

3.9 FV

310 DV (10)
Question 4
S

4.1 B was at the scene of the crime VV (2

4.2 blood, skin, hair VV (2)
Question 5
S

5.1 mRNAV (1)

5.2 CGTTGTAAA VV (2

53.1 UUUV (1)
5.3.2 threonine V (1)

5.3.3 A different amino acid would be placed in the final protein at that

position. V Threonine would be placed in the protein instead of alanine.
v @)

Question 6

6.1 1 - ribose sugar V
2 —uracil V
3 — guanine V
4 — cytosine V
5 — adenine V
6 — thymine V

7 — deoxyribose sugar V
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TOPIC1 DNA: The code of life

8 — adenine V
9 — cytosine V
10 — phosphate V

11 — guanine V

12 — thymine V (12)
6.2 hydrogen bonds V (1)
6.3 transcription V (1)
6.4  Inthenucleus V During protein synthesis V (2

6.5 Structural differences between DNA and RNA

DNA RNA

1. Double helix of two complementary strands) V 1. Single stranded V

2. The sugar group is deoxyribose V 2. The sugarisribose V

3. Nitrogenous bases are: adenine, thymine, 3. Nitrogenous bases are: adenine, uracil, cytosine
cytosine and guanine V and guanine V

4. Located in the nucleus, the chloroplast and 4. Located in the nucleus and cytoplasm V

mitochondrion V

5. In the form of chromatin and chromosomes V 5. In the form of mRNA, tRNA and rRNAV

6. Fairly stable molecule V 6. Very unstable molecule that breaks down rapidly
Y

(any 5 pairs) (10)
6.6  mRNA - linear single strand V acts as a template for the production of proteins.

\
tRNA - folded single strand V transfers amino acids to mRNA for the production
of proteins. V (4)

TOTAL MARKS: 75
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STRAND 1 Life at the molecular, cellular and tissue level

Overview

TOPIC2 Page 38
Life at the

molecular,
cellular and
tissue level

Unit 1 Meiosis: Reduction division

9 Function of meiosis in sexual reproduction
9 Process of meiosis as a reduction division
1 Meiosis, ploidy and genetic variation

K‘" Consequences of abnormal meiosis

(Unit 2 Meiosis and mitosis: similarities and
differences

1 Comparison of meiosis and mitosis

1 The cell membrane

9 The cell nucleus and endoplasmic reticulum

\11 Cell cytoplasm and organelles

AN
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TOPIC 2 Meiosis

Units 1 and 2

1 Meiosis and sexual reproduction

)l

A diploid cell (or 2n) has two complete sets of paired chromosomes, one from each
parent.

A haploid cell (or n) has a single set of unpaired chromosomes.

During meiosis, a single diploid cell divides and produces four haploid reproductive
cells. This is a type of division of the nucleus that reduces the chromosome number
by half and is known as a reduction division.

Meiosis is important in sexual reproduction, because it involves combining the
genetic information of one parent with that of the other parent to produce a
genetically unique individual.

Genetic variation occurs through crossing over of genes called chiasmata formation
and through separating the chromosomes from each other, called independent
assortment.

2 Stages of meiosis

T

Homologous chromosomes - Every cell has two of each chromosome — a

homologous pair.

They are similar in shape, position and information, but not identical to each other.

1 One chromosome in each pair is from the mother (maternal), the other from the
father (paternal).

1 Paternal and maternal chromosomes may carry different alleles of the same
gene, for example the gene for eye colour may be different.

9 Sister chromatids are replicated DNA from the same chromosome, maternal or
paternal) and they are connected together at the centromere to form an X-shape.

The result of DNA replication that happens during interphase of the cell cycle,

before mitosis and meiosis, is the X-shaped chromosome, with two chromatids

joined at the centromere. These chromosomes are present in the cell at the

beginning of prophase I of meiosis.

Meiosis occurs in two similar, but different stages: meiosis I and meiosis II. The

behaviour of the chromosomes are quite different in each stage.

The phases in meiosis 2 are the same as in mitosis, except that the cells are haploid

and not diploid.

© Via Afrika Publishers >> Life Sciences 12 Study Guide eBook 18



TOPIC 2 Meiosis

Interphase: Prophase I: Metaphase I: Tetrads align Anaphase I: Telophase I:

DNA replicates. Not Nucleus and nucleolus on the equator. Independent Homologous Each pole now has a haploid

part of meiosis. disappear. Spindle forms.  assortment occurs - chromosomes (1n) set of chromosomes.
Chromosomes coil and chromosomes separate separate and move Cytokinesis I:
synapsis (pairing) occurs.  randomly. At the chiasmata towards the poles. After cytokinesis two haploid
Tetrads (groups of 4 crossing over between daughter cells are formed —
chromosomes) form and the paternal and maternal each has half the number of
crossing over occurs. chromosomes occurs. This chromosomes as the original

exchanges genetic material, cell.

increasing variation.

Figure 6 Meiosis |

Prophase Il: Metaphase Il: Anaphase II: Telophase ll:

Nucleus and nucleolus Single chromosomes line Spindle contracts. Nuclei and nucleoli reform,
disappear. Chromosomes up at equator. Chromatids separate. spindle disappears. Cytokinesis
condense. Spindle forms. occurs. Four haploid daughter

cells are produced.

Figure 7 Meiosis Il
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TOPIC 2 Meiosis

3 Purpose of meiosis

)l

Gametes (sex cells) are produced through gametogenesis from germ cells of the
reproductive organs: in animals, testes and ovaries; in plants, anthers and ovules.
Male sex cells (spermatozoa) are produced by spermatogenesis. Female sex cells
(ova) are produced by oogenesis.

In some species, the organism alternates between a haploid and a diploid form
during its life cycle — alternation of generations.

Cells produced during meiosis are genetically different, resulting in greater genetic
variety in the species, which allows the species to show adaptation. This occurs
through crossing over (chiasmata formation) and random segregation.

A Animal life cycle B Plant life cycle
multicellular
/ adult , sporophyte
generation
zygote zygote

f diploid [2n] f diploid [2n]

it FEPRHISATRONN | oo S s s s o s s s O o e i e i FETLTITE LTI,  Smiomr s i i s s s Meiosis = = =~

haploid [n]

AR

gametes spores

\ multicellular /
gametophyte

generation

gametes

Figure 8 Meiosis Il

4 Consequences of abnormal meiosis

T

Aneuploidy results in incomplete chromosome separation in spermatozoa and ova;
a problem caused in an organism by an extra or missing chromosome. For example
Kleinfelter syndrome is an extra sex chromosome giving 47 chromosomes, XXY.
Down’s syndrome is Trisomy 21.

Polyploidy, when cells have more than two complete sets of chromosomes, can also
occur in some organisms.

These meiotic disorders can cause male infertility, spontaneous abortions and can
affect offspring in various other ways.

4.1 Down’s syndrome

)l

Somatic (body) cells with 47 chromosomes — an extra chromosome 21. Down’s
syndrome is also called Trisomy 21. It results from incomplete chromosome
separation (called non-disjunction) in meiosis.

A few external factors like radiation can also cause Trisomy 21, through mutations.
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TOPIC 2

Meiosis

 In women, this disorder occurs in the first maternal meiotic division, but some

disjunctions occur in the second division, during development of the embryo.
1 In men, a small number of Trisomy 21 cases show non-disjunction in the first
paternal meiotic division, and a similar number in the second paternal meiotic

division.

5 Mitosis

Mitosis consists of the phases prophase, metaphase, anaphase and telophase.

plasma membrane

centriole

nucleolus

chromatin

Interphase: DNA replicates
(not part of mitosis)

chromosome

centromere

spindle formed

Late prophase: Spindle formed, nuclear
membrane disintegrated

Anaphase: Chromatids separate and
migrate to opposite pole

Figure 9 Mitosis

nuclear membrane

centromere

chromosome
consisting
of two sister
chromatids

Early prophase: Chromatin condenses
into shorter, thicker chromosomes

centromere

metaphase plate

Metaphase: Chromosomes are lined up
at the equatorial plane (also called the
metaphase plate)

Telophase: Chromosomes de-condense; a
cleavage furrow begins to form in the middle
of the cell; final division into two is cytokinesis
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TOPIC 2 Meiosis

6 Similarities and differences

1 Both mitosis and meiosis are important cell division processes in living organisms.
1 They each:

1 have a particular purpose or function

1 occur in particular areas of multi-cellular organisms

1 occur at particular times in the life cycle of single-celled organisms.

Table 4 Differences between mitosis and meiosis

Mitosis Meiosis

1. Occurs in somatic cells (body cells) 1. Occurs in reproductive cells

2. Dividing cells haploid or diploid 2. Dividing cells diploid

3. One division of chromosomes (chromatids) 3. Two divisions of chromosomes:

1 separation of homologous
9 chromosomes
9 division of chromosomes (chromatids)

4. No pairing of homologous chromosomes or 4. Pairing of homologous chromosomes and crossing
crossing over (chiasmata formation) over (chiasmata formation)

5. One nuclear division (the metaphase) 5. Two nuclear divisions (metaphases | and II)

6. Cytokinesis occurs once only 6. Cytokinesis may take place once (simultaneously)

or twice (consecutively)

7. Two diploid daughter cells produced 7. Four haploid daughter cells produced

8. Replication division occurs; number of 8. Replication and reduction divisions occur; number
chromosomes in mother cell maintained of chromosomes in mother cell replicated and halved
9. Original traits of chromosomes maintained in 9. Chromosomal traits altered, due to ‘crossover’;
daughter cells recombination of genes

10. Daughter cells identical to each other, and also | 10. Daughter cells differ from one another, and from
to original mother cell original mother cell

11. Growth and repair 11. Gamete production for sexual reproduction, and
regulating chromosome number in the life cycle.
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TOPIC 2 Meiosis

Questions

Question 1
S

Various answers are provided to each question. Choose the correct answer. Only write
the letter of the answer you select next to the question number.

1.1 Meiosis occurs in the ...

A zygote of humans.

B bone marrow of humans.

C sorus of ferns.

D roots of plants. (2)
1.2 Trisomy 21 is also known as ...

A Down’s syndrome.

B Kleinfelter syndrome.

C albinism.

D haemophilia. (2

1.3 The diagram below represents ...

metaphase I of meiosis.
metaphase II of meiosis.

metaphase of mitosis.

o O w =

none of the above. (2)

© Via Afrika Publishers >> Life Sciences 12 Study Guide eBook 23



TOPIC 2 Meiosis

Questions 1.4 and 1.5 refer to the following information.

A queen bee can lay both fertilised and unfertilised eggs. Fertilised eggs develop
directly into diploid females and unfertilised eggs develop directly into haploid males.
The following diagram shows the formation of gametes in male and female bees.

cell of adult female bee

VRS
cell of adult
2n
male bee

cell

female gametes division male
gametes

1.4

1.5

ORNORRORNO

The type of division that forms the male gametes in the honey bee is ...

A meiosis.

B mitosis.

C reduction division.

D the same as occurs in human males. (2)

In the formation of the female honey bee gametes, variation is caused by ...

A crossing over.

B DNA replication.

C transcription.

D translation. (2)
Question 2

Give the correct term for each of the following statements.

2.1
2.2
2.3
2.4
2.5

The point at which two chromatids of a chromosome are joined together.
Abnormal meiosis leading to Down’s Syndrome.

A human genetic condition resulting from having an extra chromosome 21.
Crossing over and exchange of genes between maternal and paternal pairs.

A set of male and female chromosomes carrying genes for the same features.

(5)
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Question 3

Indicate whether each of the statements in COLUMN 1 applies to A only, B only, both A
and B or none of the items in COLUMN 2. Write A only, B only, both A and B, or none.

COLUMN 1 COLUMN 2
3.1 Change in the genetic make-up of an A: Mutation
organism B: Multiple alleles
3.2 Introduces variation within a species A: Crossing over during meiosis
B: Random assortment of chromosomes during
meiosis

3.3 Results when a diploid cell divides during A: Four diploid cells
meiosis B: Four haploid cells
3.4 Chromatids pulled to the poles of a cell A: Anaphase of mitosis
B: Anaphase 2 of meiosis
3.5 Duplication of DNA in a cell A: Interphase
B: Prophase
3.6 Production of gametes in higher animals A: Mitosis
B: Meiosis
3.7 Growth and repair A: Meiosis
B: Mitosis

@

Question 4

The diagrams of animal cells below show different stages of cell division. Study them
carefully and answer the questions which follow. (There are four chromosomes in a
somatic cell.)

L S S % Lo S g 2N
/K\\ gé\ /\\ M
Y — 2 Ba o
G- T ek =2 N
A B C
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Some of the above diagrams represent stages of meiosis.

41 Write down the letters in the correct sequence as the phases of meiosis. (3)
4.2 Identify the structures numbered 1, 2 and 3. (3)
Some of the diagrams above show the formation of haploid cells.

4.3 Write down the letters of these diagrams. (2

4.4  Name ONE place in a moss plant where you would expect meiosis to take place.

(2

Question 5

Reduction division or meiosis occurs in the ovaries and testes to produce gametes or sex
cells. Give a detailed explanation of the process of meiosis in animal cells. Begin
at interphase of the first meiotic division and end at telophase II. (30)

Question 6

The diagram below shows the nucleus of a mammalian cell during cell division.

A
B
C
D
F
G
E
6.1 Provide labels for structures A to G. 7)
6.2 Which type of cell division is being represented in this diagram? (1)
6.3 How many chromosomes are visible? (1)
6.4  Which phase of cell division is being represented? (2
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Question 7

Study the accompanying diagram and answer the question that follow.

71 Name the meiotic phase represented in this diagram. Give TWO reasons for your

answer. (3)
7.2 Provide labels for the parts numbered 1 to 6. 6)
7.3 How many chromosomes are visible in the diagram? (2
7.4 Is this cell haploid or diploid? Give a reason for your answer. (2
7.5 Name the process that is taking place in the part labelled A. (2
7.6 Give TWO important functions of the process tacking place at A. (2

TOTAL MARKS: 90
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Answers to Questions

Question 1
S
1.1 cCVvVv
1.2 AVV
1.3 AVV
1.4 BVV
1.5 AVV
Question 2

@)
)
)
)
)

2.1 centromere V
2.2 aneuploidy / trisomy 21 V
2.3  Down’s syndrome V

2.4  Chiasmata formation V

2.5 homologous chromosomes V (5)
Question 3
|

3.1 A only V

3.2 Both Aand BV

3.3 Bonly V

3.4 BothAandBV

3.5 AonlyV

3.6 BonlyV

3.7 B only V 7)
Question 4
|

41 BV,AV,CV €)

4.2 1-centriole V

2 — spindle fibre V
3 — nuclear membrane V (3)

43 AVandCV 2

4.4  Inthe sporophyte capsule VV (2
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Question 5

Interphase V — DNA is duplicated V and becomes visible as chromosomes. V

Prophase IV - Nucleus and nucleolus disintegrate, spindle forms, chromosomes coil
and synapsis (pairing) occurs V; tetrads (groups of 4 chromosomes) form and
crossing over occurs between homologous chromosomes. V

Metaphase IV — Tetrads align on the equator V; independent assortment occurs —
chromosomes separate randomly. V

Anaphase IV — Homologous chromosomes separate V and move towards the poles. V
Telophase IV — Each poleV now has a haploid (1n) V set of chromosomes.

Cytokinesis I V — After cytokinesis two haploid daughter cells are formedV - each has
half the number of chromosomes as the original cell. V

Prophase II V — Same as prophase in mitosis I V; nucleus and nucleolus disintegrate;
chromosomes condense; spindle forms. V

Metaphase II V - Single chromosomes V line up at equator. V
Anaphase IIV - Same as anaphase in mitosis; V chromatids separate. V

Telophase IIV — Same as telophase in mitosis; V nuclei and nucleoli reform, spindle
disappears; cytokinesis occurs; four haploid daughter cells are produced. V (30)

Question 6

6.1 A - double nuclear membrane / envelope V
B — nucleoplasm V
C - chromosome V
D - centromere V
E - chiasmata formation / crossing over V
F - chromatid V

G - homologous chromosomes V 7)
6.2 Meiosis V (1)
6.3 Two V (1)
6.4  ProphaseIV of meiosis V (2
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Question 7

7.1 Metaphase I of meiosis V

Homologous pairs of chromosomes are found on the equator V

Spindle fibres attach to chromosomes and not chromatids V (3)
7.2 1 — centriole V

2 — spindle fibre V

3 - cytoplasm V

4 — chromatid of chromosome V

5 — centromere V

6 — cell membrane / plasmalemma V (6)
73  FourVV )
7.44  Diploid V There are two pairs of homologous chromosomes V (2
7.5 Crossing over / chiasmata formation VV (2)
7.6 Production of haploid gametes V Genetic variation V (2

TOTAL MARKS: 90
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Overview

TOPIC3 Page66

Life processes
in plants and
animals

© Via Afrika Publishers >> Life Sciences 12 Study Guide eBook 31



TOPIC 3

Units 1and 2

Reproduction in vertebrates

1 Oviparous, ovoviviparous and viviparous animals

Table 5 Comparison of different modes of giving birth in animals

Oviparous animals Ovoviviparous animals Viviparous animals
9 Internal or external fertilisation | Internal fertilisation 91 Internal fertilisation
91 Eggs laid outside the body 9 Eggs keptinside the body 9 Eggs keptinside the body
1 Eggs protected by a gelatinous | Eggs protected by a soft shell 9 Eggs protected by the
mass in frogs, a leathery shell inside the female body female body, ovary,
in reptiles and a hard, brittle M Protective membranes follicle cells, membranes
calcareous shell in birds and the uterus
M Protective membranes
1 Development of embryo occurs |§ Development of embryo occurs | Development of embryo
in the egg which is outside the in the egg, which is inside the occurs in the uterus
organism’s body female’s body 91 Itisfed through the
placenta which is inside
the female body
1 Embryo gets its food from the 1 Embryo gets its food from the 1 Embryo embeds itselfin
egg yolk, not from the mother egg yolk, not from the mother the wall of the uterus and
gets its food from the
mother, through the
umbilical cord
9 Egghatches outside of the body | § Egg hatches inside of the body | Gestation (pregnancy)
1 Egg may or may not have just before birth; live young followed by birth on
parental care born complete development of
1 May or may not have parental embryo
care 9 Liveyoungborn; with
parental care: suckling
Examples: Round worms, Examples: Some lizards and Examples: Mammals
molluscs, insects, snakes, some fish
crustaceans, arachnids,
fish, amphibians, reptiles,
birds, few mammals
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2 The amniotic egg

B Egg with developing chick
extra-embryonic (outer) membranes
/\

[ 1
allantois respiratory chorion: encloses and

organ: encloses and protects the yolk sac

stores excretory waste and developing embryo

amnion . . .
yolk: major source of vitamins,

minerals and fat
developing embryo
air chamber: helps with gaseous

. exchange and protects against shock
amniotic cavity: amniotic

fluid-filled sac that supports

and protects the embryo carbon dioxide

oxygen

shell: protects and

doubl b : protect:
reduces dehydration ouble membrane: protects

against infection

albumen: major source of protein
for developing young

Figure 10 Amniotic chicken egg

3 Precocial and altricial development

Table 6 Comparison of precocial and altricial development

Precocial development Altricial development
9 Eggs contain about 40% yolk 9 Eggs contain about 25% yolk
1 Hatched with eyes open 1 Hatched with eyes closed
1 Covered with down/fur 9 Little or no down/fur
1 Leave the nest within two days M Unable to leave the nest until independent
9 Follow parents and learn how to feed straight |§ Fed by parents until independent
after birth
Examples: Ducks, chicks, game birds, grouse Examples: Perching birds: sparrows, pigeons, starlings
Hoofed animals: buck, giraffe, zebra, cattle Marsupials, mammals: carnivores and rodents
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4 The male reproductive system

1 External genitals — scrotum and penis

1 Essential organs — a pair of sex glands called the testes (gonads), which produce the
male sex cells called spermatozoa (sperm)

1 Accessory organs — are glands (seminal vesicles, prostate gland and Cowper’s
gland), sperm ducts and the penis

1 Additional glands provide secretions to nurture sperm:
1 seminal vesicles (two)
1 Cowper’s glands (bulbo-urethral glands) (two)
1 prostate gland.

glans penis urethral

opening

corpora
cavernosa

urethra corpus
spongiosum

Figure 11 Structure of a penis

Side view Front view

ureter

bladder

seminalvesicles

prostate gland
vas deferens (sperm duct)

Cowper’s gland
urethra

epididymus
penis

seminiferous tubules

testis

glans of penis

Figure 12 Structure of the male reproductive system
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5 The female reproductive system

1 External genitals — the vulva made of four labia and the clitoris
1 Essential organs — a pair of sex glands called the ovaries (gonads), which produce
female sex cells called ova (singular = ovum)
1 Accessory organs are:
1 Fallopian tubes: two ducts going from near the ovaries to the uterus, to carry
eggs
1 uterus (womb): a modified duct to house and protect the developing embryo and
foetus; with its cervix
1 vagina: a duct that assists in copulation and is the birth canal leading from the
uterus
1 mammary glands: glands in the breasts for lactation and feeding young.

Side view

Front view

Fallopian tube (oviduct)

fimbriae of funnel

endometrium
cervix

bladder

vagina

urethral opening
clitoris
labia

Figure 13 Structure of the female reproductive system

6 The ovaries

1 Ovarian follicles — contain oocytes in the ovary

1 Oocytes — cells that produce haploid ova through meiosis

1 Graafian follicles — large, mature ovarian follicles

1 Corpus lateum - remains of a follicle which has released an ovum and is
degenerating.
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ovarian ligament

follicles at different stages
of development

mature Graafian

degenerating corpus follicle

luteum

corpus luteum oocyte following
ovulation

Figure 14 Structure of the ovary

7 Puberty in males and females

1 Puberty is the time of life when a person becomes sexually mature.

1 Puberty starts when the hypothalamus in the brain starts releasing a hormone
called gonadotropin-releasing hormone (GnRH).

1 Puberty starts in males when GnRH signals stimulate the anterior pituitary gland to

secrete:
1 follicle-stimulating hormone (FSH), which stimulates the testes to produce
sperm, and

1 luteinising hormone (LH), which stimulates the testes to produce testosterone.
1 Puberty starts in females when GnRH signals stimulate the anterior pituitary gland
to secrete:
1 follicle-stimulating hormone (FSH), which stimulates a follicle in the ovary to
produce oestrogen, and
1 luteinising hormone (LH), which stimulates the corpus luteum in the ovary to
produce progesterone.

8 Secondary sexual characteristics in males and females

1 In males, testosterone causes the development of these secondary sexual
characteristics in the body:
1 rapid increase in height, size and strength of muscles
1 development and functioning of the prostate gland, seminal vesicles and other
male accessory glands
91 voice deepens
hair grows in the pubic area, under the armpits and on the face

e

1 the testes and penis increase in size.
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In females, oestrogen causes the following developmental changes in the body

during pregnancy:

increase in size of the vagina
uterine and endometrial growth
onset of menstruation

= =4 =4 4 —a -1

increase in body fat.

rapid increase in height and breast development
hair growth in the pubic area and under the armpits

in males

1 Progesterone is not responsible for secondary sexual characteristics but is important
for:
1 making oestrogen
1 promoting survival and development of the embryo and foetus
1 maintaining the thickness of the endometrium lining during pregnancy.
9  Gametogenesis in males and females
Table 7 Comparison of spermatogenesis and oogenesis
Spermatogenesis Oogenesis
1 Takes place in testes of males 9 Takes place in ovary of females
1 Meiosis occurs continuously in mitotically- 1 Meiosis initiated once. Oocyte meiotic
dividing stem cell population development stops at prophase | of meiosis in
foetus, until puberty; then stops at metaphase
Il of meiosis; on fertilisation meiotic division
completed
M  Meiosis completed in days or weeks M Completion of meiosis delayed for months or
years
1 Meiosis and differentiation proceed 9 Differentiation of gamete occurs while diploid
continuously. (in first meiotic prophase); no metamorphosis
1 Differentiation of gamete occurs while haploid stage found
(after meiosis ends); involves metamorphosis
of sperm cells — spermatogenesis.
M Produces small, motile spermatozoa 1 Produces large, non-motile, spherical ova with
more food reserves and cytoplasm
1 Four gametes produced from each meiotic M Only one gamete produced from each meiosis
division division as unequal cytokinesis leads to polar
body formation
9 Occurs continuously from puberty to death 1 Continues in females at puberty until
menopause
9 Takes 70 days for mature sperm to be produced |  Occurs monthly
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9 FSHincreases activity of Sertoli cells 9 FSHresponsible for choice of primary oocyte

M involved in spermatogenesis and production of oestrogen

1 LHstimulates Leydig cells to secrete 9 LHin females stimulates ovulation and
testosterone maturation of the Graafian follicle

10 The menstrual cycle

The ovarian and uterine cycles are associated with menstruation.

Days 8 to 13:

Ovary: The mature Graafian follicle develops, Uterus: Oestrogen stimulates the

moving to the surface of the ovary and endometrium to starting thickening and
secreting oestrogen. developing blood vessels and glands.

Days1to7:

Ovaries: New follicles develop
and secrete oestrogen.

Uterus: Lining breaks down and
is released during menstruation.

Days 23 to 28: \
If the ovum is not fertilised:
The corpus luteum shrinks and stops

producing progesterone.

If the ovum has been fertilised:

¢ The corpus luteum remains active and
continues secreting progesterone.

* No more follicles develop in the ovaries.

* The cycle stops and menstruation does not begin.

Day 14:
Ovary: The Graafian follicle

bursts to release an egg cell.
This is called ovulation.

Days 15 to 22:

Ovaries: The Graafian follicle becomes the
corpus luteum, which secretes progesterone.
Uterus: Progesterone stimulates the
endometrium to become even thicker and

to develop more vessels and glands, ready

to receive the embryo if an egg cell is fertilised.

Figure 15 The menstrual cycle
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oestrogen ovulation

acts on actson

. . : causes increased glandular
causes thickening endometrium and vascular tissue

no fertilisation results
in menstruation

Figure 16 Hormonal control of the menstrual cycle
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11 Fertilisation and prenatal development

Hypothalamus

Gonadotrophin levels

T | :

ovulation

corpus luteum

- -~ -
’ ==~ _ progesterone
: oestrogen - ~
Ovarian hormone levels S *in -
/ B d \\

~
-
E---—------------------‘

| |

Basal body temperature (°C) -

¥l
| 1)

Endometrium of uterus

Menses Proliferative Secretory phase
phase

Days o 7 14 21 28

Figure 17 Fertilisation and implantation
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12 The placenta and umbilical cord

A Placenta cross section B Chorionic villus

capillary of

nutrients and foetus

oxygen diffuse
from maternal
blood to foetal
blood

carbon dioxide
and urea
diffuse from
foetal blood to
maternal blood

foetal
blood

flow //

maternal blood flow
in placenta

maternal blood

Figure 18 Structure and function of the placenta

1 The embryos of reptiles, birds and mammals develop inside a fluid-filled amniotic
membrane, associated with other membranes.

1 The extra-embryonic membranes do not form part of the embryo.

1 They are:
1 The amnion - forms the fluid-filled amniotic sac to protect the embryo from

physical shocks and prevent it drying out

1 The chorion — protects the embryo and other membranes and forms the placenta
1 The allantois — helps to form the umbilical cord
1 The yolk sac — stores food; is the first site of blood cell formation.

1 The zygote becomes an embryo and then develops into a foetus through tissue and
organ differentiation.

1 During development the foetus is anchored, obtains nutrients and removes waste
through the placenta and umbilical cord.

1 The placenta develops from both embryonic and maternal tissue: the chorion and
the tissues of the mother’s uterus.

1 It brings the mother’s circulatory system and the embryo’s circulatory system into
close but not direct contact with each other.
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1 The placenta forms an effective exchange surface because it:

1 has alarge surface area due to its folds
1 itis moist to help exchange of substances
1 has arich supply of blood capillaries to transport nutrients and waste
1
1

1

1

1

1

1

Figure
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