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DISCLAIMER

Where pertinent, questions that have been inspired by other
examiners outside of St. Peter’s College have been acknowledged. All

other questions come from the author along with credit to Mrs A Greeff.

Images used have been referenced from sources, whereas all others
fall under the Creative Commons Licence.

To educators: When checking answers with the Memorandum
document, please note that differences of opinion between schools
and educators may exists, and that this is provided as a hopeful

guideline to students to assist where possible.

To students: Please be critical when checking through your answers,
especially for higher-order questions. Do not assume your written
answers will necessarily be accepted if they deviate from the

Memorandum answers provided.

Aim for students: Do not use your textbook or notes to answer the
questions. These should be done from what has been memorized and
understood. Time management must also be practiced. Ciritical

reflection should focus on:

¢ What terminology has not been effectively memorized

e Why you may not be receiving the full compliment of marks for
longer questions

e Paying attention to instruction verbs of questions

e Linking concepts between different strands

Page 2 of 34

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

K-TEST 01 — 60 marks (50 minutes)

QUESTION 1 (Credit: M Marangoni)

Several Multiple Choice questions are provided below. Write down the letter

representing the most appropriate answer:

1.1. Consider the following nucleic acid. What is part B? Q)

o O W >

Amino acid
Codon
MRNA

Anticodon

1.2. A DNA strand contains 24 nucleotides. How many amino acids will this

1.3. During an investigation, the DNA of an animal cell was analysed in a

laboratory and the results are shown in the table below:

Base Composition

Adenine X Y Z

30,1% 20,0%

29,9% 20,0%

1.4.

Which of the following is the correct identification of the bases called X,

Y and Z2? 2)
X Y Z
A cytosine thymine guanine
B cytosine guanine thymine
C thymine cytosine guanine
D thymine guanine cytosine

You have obtained a sample of DNA, and you transcribe mRNA from this
DNA and purify it. You then separate the two strands of DNA and analyse
the base composition of each strand and of the mRNA. You obtain the
data shown in the table below. Which strand of the DNA is the coding

DNA strand code? (2)
A 24
B 8
C 72
D 6

strand, serving as a template for this MRNA synthesis? 2)
A G C T u
PNA strand 103 26.0 31.0 24.0 0
DnNuAmSgg";‘“zd 24.2 30.8 25.7 19.3 0
MRNA 19.3 25.7 30.8 0 24.2
A Strand 1
B Strand 2
Cc Both strands 1 and 2
D There is too little information to tell

Study copy distributed by EduResource ZA | eduresourcza.com
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QUESTION 2 QUESTION 3

Analyse the picture below and answer the questions that follow:

Provide the correct biological term for the following: (6)
2.1. The monomer of proteins
2.2 The monomer of nucleic acids
2.3. A pair of matching chromosomes in a cell, one from each parent
2.4, Inheriting two different versions of a gene
2.5. Having more than two sets of chromosomes
2.6. Organisms that have developed due to recombinant DNA technology
Define the following terms: 4)
2.7. Gene
3.1. Name the process occurring in this image. Justify your answer with
2.8. Gene pool .
ONE visible feature. 2)
2.9. Genome
3.2. Name the enzyme represented by 2. (1)
2.10. Genotype
3.3. Where in the cell is this process occurring? (1)
3.4. Describe why this process is important to meiosis. 2)

Below is a section of a single strand of DNA:

ATG ACGTCT

3.5. Write down the complimentary mRNA sequence for the above. (3)
3.6. In point form, describe the process that creates the mRNA strand in
a cell. (5)
Page 4 of 34
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3.7. Using your mRNA strand from 3.5., provide the amino acid sequence 4.1. Provide labels for structures A, C and D only. 3)

coded for using the mRNA codon table below. (3) ) o ) ) )
4.2. Which phase of meiosis is shown in the diagram? Justify your
answer. 2
Second Base of mRNA Codon (2)
U C A G S
4.3. State the number of chromosomes that are present in this cell. (1)
UUL Phe | UCU Ser |UAU Tyr  |UGU Cys | U
UUC Phe | UCC Ser |UAC Tyr  |UGC Cys | C . . ) ) .
Ul vua rew | vea ser |uaa storluca stoel a - 4.4, Name ONE organ in animals and ONE organ in plants in which
= el - = —_— - . . .
g UUG Leu | UCG Ser |UAG STOP|UGG Trp |G = meiosis will occur. @)
E CUU Leu | CCU Pro |CAU His |CGU A | U=
=| | €VC Leu | €CC Pro | CAC His |CGC A | C F
&, CUA Lew | OCA Pro | CAA Gln |OGA Arg | A g
% CUG Leuw | ©OG Pro | CAG Gln  [OGG A |G =3
E AU Tle ACL Thr [ AAL Asn [AGLU Ser 1] % UESTION 5
g A ALUC Tle ACC Thr |AAC Asn [AGC Ser [ )
S| AUA Tle | ACA Thr [AAA Lys  [AGA Arg |A & Clouded leopards are a particular breed of leopard indigenous to Central
= AUG Met | ACG Thr [AAG Lys  |AGG A [G|D ) )
= g America. The spots found on the coat of the clouded leopard can either be
= GUU %al | GOU Ala |GAU Asp |GGU Gly (U . . . '
| GUC val | GCC Al |GAC Asp |GGC Gly | C dark or normal in colour. The gene for this trait is carried on the X
I GUA val | GCA Al [GAA Glu |GGA Gly | A h K . | .
GUG val | GCG Aln [GAG G |GGG Gy |G chromosome. Dark spots (r) are recessive and normal spots are dominant (R).
5.1. Explain what is meant by the term ‘recessive’ (1)
https:/A doe.ma 1 aspx?GradelD=100&SubjectCode=bio_hs&Question|D=50082
5.2. State ONE other sex-linked disorder you have studied. (1)
QUESTION 4 (Credit: C Marangoni) 5.3. A male clouded leopard with normal spots mated with a female

) ) o ] clouded leopard with dark spots. Use a Punnett square to show the
Analyse the image below of a cell undergoing a phase of meiosis. Use this

) ) possible phenotypic and genotype ratio of their offspring. (6)
image, as well as your own knowledge, to answer the question that follow.
A
D \/'/
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QUESTION 6 6.5.

The image below illustrates how artificial human insulin is manufactured.

Animal cell
S Step 1
( @>T‘ Step 2 Step 3 Step 4
| — ey
~ Genetic e ©
. . | ] | N
information .}\\::y — |
-0 —U~ .1 v
— = N\
Bacterial cell A B Bacterial cell

https://www.proprofs.com/quiz-school/story.php?title=le-hw38-genetic-engineering

6.1. Name the process occurring in this image. 1)
6.2. Identify structure A. 1)
6.3. Describe how step 3 is able to occur so that structure B can be
created. 3)
6.4. In order for artificial insulin to be made available to the public, it must

undergo a number of drug trials. Explain why drug trials are an

important part of the medical world. 2)

Consider the cartoon below. Explain why this is an effective depiction
of how CRISPR functions. 4)

P il

https://www.gettyimages.com/illustrations/crispr
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K-TEST 02 — 60 marks (50 minutes)

QUESTION 1

Several Multiple Choice questions are provided below. Write down the letter

representing the most correct answer.

1.1.

1.2.

Below is an image of a karyotype from a sample of foetal cells.

Wi

&
1

&

E

v

3 4 5
T
T LI we
6 7 8 9 18 11 12
oo RN
13 14 15 16 17 18
YL bh o bE Ef
19 z8 21 22 X Y
From the above karyotype, we can conclude the following: (2)

A. The foetus will have Klinefelter's Syndrome
B. The foetus is female

C. There are 23 pairs of autosomes

D

The foetus is male

Concerning humans, which of the following statements is FALSE

regarding the number of chromosomes present: (1)
A. Zygote —2n

B. Embryo —2n

C. Gonosome -n

D. Gamete —n

1.3.

1.4.

Analyse the picture below of a single cell in a phase of meiosis. A
and B represent chromosomes:

Based on the image, this cell is most likely in which phase of meiosis?

>

Metaphase |

B. Anaphase |

C. Telophase Il

D. Anaphase ll Q)

A paternity test was conducted using DNA fingerprinting. There were
3 possible fathers of the child, labelled 1, 2 and 3. A set of DNA was
taken from the mother, labelled M. DNA from the child is labelled Ch.

HiNEEI-
| L E
o

oy
=

5]

-

hitps://en.wikipedia.orgiwiki/DNA_paternity_testing

Who is most likely the father of the Child (Ch)? 2)
A. Fatherl
B. Father 2
C. Father3
D. M
Page 7 of 34
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The mass of DNA in a non-dividing liver cell was analysed and found QUESTION 2

to be 6.60 pg per cell. (pg = picogram; 1pg = 1 x 101?g).

Study the following table which consists of two items (numbered 1 and 2) in
the first column and a term in the second column. Decide which item(s)

Which of the following combinations show the correct average mass
relate to the term.

of DNA in the listed cells of the same species: 2)
Write down your choice in the space provided in the "answer" column, making
DNA content (pg per cell) use of the following codes: (6)
a muscle a mature red an ovum A v item 1 relates to the
cell blood cell only item 1 relates to the term
B only item 2 relates to the term
A 3.30 0 3.30 .
C both item 1 and 2 relate to the term
B 6.60 0 3.30 D neither item 1 or 2 relates to the term
C 6.60 6.6 6.60
1. Insertion Frameshift
Which bonds must break during DNA replication before 2. Deletion mutation
complimentary base-pairing can occur? Q)
. . 1. Haploid chromosome number in humans
A Nitrogen bonds between the nucleotides o _ 23 chromosomes
) ) ) 2. Diploid number of chromosomes in humans
B Peptide bonds between the Uracil and Thymine
C Hydrogen bonds between phosphates N ) ] )
. 1. Inheriting two identical versions of an allele
D Hydrogen bonds between nucleotides Heterozygous

2. Inheriting two different versions of an allele

1. Increased chance of genetic mutations

2. Inbreeding Hybrid vigour
1. Used to extract desired genes from DNA sample
2. Used to duplicate a DNA sample PCR
1. Only found in the nucleus
2. Only found at the ribosome MIDNA
Page 8 of 34
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QUESTION 3

Analyse the following text. Use this, as well as your own information, to answer

the questions that follow:

Recombinant bovine growth hormone (rBGH) is a synthetic (man-made)
hormone that is marketed to dairy farmers to increase milk production in cows.
It has been used in the United States since it was approved by the Food and
Drug Administration (FDA) in 1993, but its use is not permitted in the European
Union, Canada, and some other countries. Some rBGH products on the
market differ chemically from a cow's natural growth hormone by one amino
acid. Both the natural and injected recombinant forms of the hormone
stimulate a cow's milk production by increasing levels of another hormone
known as insulin-like growth factor (IGF-1). Concerns about possible health
effects on humans from milk produced using rBGH been raised.

Firstly, does drinking milk from rBGH-treated cows increase blood levels of
growth hormone or IGF-1 in consumers? If it does, would this be expected to
have any health effects in people, including increasing the risk of cancer?
Several scientific reviews have not been able to conclusively prove a link
between increased IGF-1 levels to increased cancer risk, despite there being
some evidence for this. Second, cows treated with rBGH tend to develop more
udder infections (mastitis). These cows are given more antibiotics than cows

not given rBGH.

Although the use of rBGH is still approved in the United States, demand for
the product has decreased in recent years. Many large grocery store chains
no longer carry milk from cows treated with rBGH. A United States Department
of Agriculture survey of American dairy farms (conducted in 2007) found that

less than 1in 5 cows (17%) were being injected with rBGH.

Adapted from https://www.cancer.org/cancer/cancer-causes/recombinant-bovine-growth-hormone.html

3.1 Based on the information given above, decide whether the following
conclusions are SUPPORTED, CONTRADICTED or UNKNOWN.
State only your decision of answer, you do not need to give reasons
for your decision. 3)

a) Use of rBGH is in high demand around the world

b) Less than 20% of cows in America currently have rBGH injected

into them
¢) South Africa does not permit the use of rBGH

3.2, The creation of recombinant DNA is important for the creation of
rBGH. Explain what is meant by the term ‘recombinant DNA’. (1)

3.3. Below is a visual representation of the process used to create rBGH:

@ ® © @

{ f
molecule

O20 X020

DNA \
=

DNA
https:/fwww.chegg. 5 ly-place-labels-diag

dna-part-dra-q22356107

Provide labels for the enzymes (a) and (d) in the image above AND
describe the function of each enzyme in relation to the creation of
recombinant DNA. 4)

Page 9 of 34
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3.4.

3.5.

3.6.

3.7.

The ‘DNA molecule’ in the above picture can be found in bacterial

cells. Provide the term for this circular form of DNA. (1)

Explain why the use of rBGH must be continually given to cows in

order for them to produce large amounts of milk. 2)

“Some rBGH products on the market differ chemically from a cow's
natural growth hormone by one amino acid.”

a) Amino acids are the monomers of proteins. Name the monomer
of nucleic acids. (1)

b) Explain what type of mutation would allow for a functional BGH
protein to be made with only one amino acid difference. 2

Below is a section of DNA from the gene to create BGH in a cow:

CATTGCAGG

a) Write down the mRNA sequence for this section of DNA. (1)

b) Briefly describe the process sed to create the mRNA strand.

®)

3.8.

3.9.

3.10

Use the mRNA codon table below to state the three amino acids

formed from the mRNA sequence formed. ?3)

Scecond Base of mRNA Codon
U C A G
UL Phe UCU Ser | UAU  Tyr UGU Cys

UUC Fhe | UCC Ser [UAC Tyr |UGC Cys
UUA Len | UCA Ser [UAA STOP|UGA STOP

e na

= UUG Leu | UCG Ser |UAG STOP|UGG Trp =
= =
5 CUU Lew | CCU Pro |CAU His |CGU Ag |U|&
=|c| €VC Lew | CCC Pro [CAC His |CGC Ag | C &
z CUA Leu | CCA Pro |CAA Gl |CGA A |A|2
né CUG Len | CCG Pro [CAG Gln |CGG A |G|g
b AUU e ACU Thr | AAU Asn [AGU Ser | U %
a A AUC e ACC Thr | AAC Asn AGC Ser Cl|2
& AUA llc | ACA Thr |AAA Lys |AGA A |A|#®
= AUG Met | ACG Thr |AAG Lys |AGG A |G|Q)
= GUU Val | GOU Al |GAU asp |Gou Gy |U|S
G| GUC Vel | GCC Al |GAC Asp |GGC Gly | C
GUA Val | GCA Al |[GAA Glu |GGA Gly | A

GUG  Val GCG Ala [GAG Glu |GGG Gly |G

http://www.doe.mass.edu/mcas/student/2017/question.aspx?GradelD=100&SubjectCode=bio_hs&QuestionID=60079

The FDA in the United States approved the commercial use of rBGH,
but some other countries did not. Defend the importance of
institutions like the FDA in the regulation of clinical trial procedures

and the assessment of medications/interventions. 2)

Milk is a staple food for many people in the world as a rich source of
protein. Farmers are therefore forced to try and produce as much
milk as possible. Provide TWO ethical arguments in support and
TWO ethical arguments against the use of rBGH by farmers.  (4)

Page 10 of 34
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QUESTION 4

The image below illustrates a certain type of cloning:

'." .v‘ N :')
Female

Female

4.1.
4.2

4.3.

4.4.
4,5,

4.6.

- Fused cell develops into
g embryo which is placed
in uterus of foster mother

Body cell DNA "
taken from extracted R = =
Sheep A @ i e

st -
DNA from Sheep A !
fused with egg cell
from Sheep B
. Y & )
Egg cell Nucleus
taken from removed
Sheep B
https://www.bbc.com/news/science-environment-36893506
Name the type of cloning depicted above. ()
To which sheep is Lamb A genetically identical? 1)
Is the cell taken from Sheep A diploid or haploid? Justify your
answer. 2
Provide another term for the ‘foster mother’. 1)
Provide TWO differences between plant and animal cloning.  (2)
“Cloning of human embryos should be legalised”

Provide ONE argument in favour and ONE against this statement.

@)

4.7. Consider the following cartoon:

https://mappingignorance.org/2015/06/26/not-so-junk-dna-micrornas-and-schizophrenia/

How does this image link to the goals of the Human Genome

project? (4)

QUESTION 5

In mice, yellow fur colour (T) is dominant over grey fur colour (t). It also
happens that all embryos which are homozygous for the dominant factor die
before birth.

If a colony of heterozygous mice were interbred to produce 300 live mice, how
many of these living offspring would be likely to have yellow fur and how many
would have grey fur? Use a Punnett diagram to substantiate your answer.

(6)

Page 11 of 34
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K-TEST 03 — 60 marks (50 minutes)

QUESTION 1

Provide the correct biological term for the following:

1.1. A group of three adjacent nucleotides found on an mRNA molecule

1.2. The enzyme which catalyses the process of transcription

1.3. The process used to duplicate DNA when making a fingerprint

1.4. A genetic cross involving only one characteristic at a time

1.5. The sugar found in RNA

®)

For each of the phrases in Column 1, state whether it applies to A only, B only,

both A and B or neither in Column 2. Write down A only, B only, A and B or

neither.

®)

COLUMN 1

COLUMN 2

A. XX chromosomes
Female sex chromosomes of human

B. XY chromosomes

A. Heterozygous
TT v

B. Homozygous
Chances of having a male offspring in A, 25%
humans B. 75%

o A. Genotype

Outward appearance of an individual

B. Phenotype
Genes are separated randomly between A. Mendel

B.

gametes

Law of segregation

Study copy distributed by EduResource ZA | eduresourcza.com

Choose a description from Column B which best suits the words in Column A.

Write the correct letter next to the appropriate number. (15)
COLUMN A COLUMN B

1. Gene Banded patterns of DNA

2. Allele B | Anindividual with the same alleles for a particular gene

3. Gamete The specific alleles an individual has inherited for a particular
gene

4, Somatic cell D | 23 pairs of chromosomes

5. Homozygous E | The location of a gene on a chromosome

6. Recessive allele F | Sex-linked disease

7. Genome G | Small section of DNA which determines a characteristic

8. Haemophilia H | Anindividual with different alleles for a gene

9. Locus I The different versions of a gene

10. DNA fingerprint | J An allele which only has an effect when homozygous

11. Genotype K | An allele which has an effect whether homozygous or
heterozygous

12. Heterozygous L The outward appearance of an organism

13. Dominant allele | M | 23 chromosomes

14. Phenotype N | The full set of genes found in an individual

15. Mutation O | Change in genetic make-up of an organism
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QUESTION 2

The image below shows a cell undergoing a phase of meiosis:

2.1.

2.2.

2.3.

2.4.

State which phase of meiosis is being depicted in the image. Justify
your answer with TWO visible reasons. 3

In order for meiosis to occur effectively, DNA replication needs to
occur during Interphase. Using a flow diagram, describe the process
of DNA replication. (5)

Using the above image as a guide, sketch the what the next phase
of meiosis for this cell would look like. No labels or heading are

required. ()

Based on the cell in the above image, how many chromosomes will

be present in the gametes at the end of meiosis? 1)

QUESTION 3

3.1.

3.2.

In the Drosophila fruit fly, most flies have smooth edged wings while
a few have jagged edged wings, resulting from a recessive allele. A
female fly with jagged edged wings was crossed with a male fly with
smooth wings. It was found that all their resultant offspring had

smooth wings.

Is the mutation for wings a sex-linked disorder or an autosomal
disorder? Use a Punnett square to explain your answer fully. Use the
letters R and r when representing the respective alleles:

6

A pure bred brown winged butterfly was crossed with a pink winged
butterfly. Brown is dominant over pink. The offspring in the F1
generation were allowed to interbreed. Use the letters B and b to

answer the following questions.

a) State the phenotype of the F1 generation. Q)

b) What is the genotype of the F1 generation? Q)

c) Use a Punnett square to state the phenotype and genotype
ratios of the F2 generation. (6)

Page 13 of 34
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QUESTION 4

Analyse the following text and answer the questions that follow:

Crown gall disease in plants is caused by a soil bacterium, Agrobacterium

tumefaciens. The infected plant develops a tumour (referred to as a gall) in its

stem. The gall is caused by a plasmid in the bacterium. Galls can grow large

and kill the host plant. Using genetic engineering, a modified plasmid can be

created by having its tumour-producing gene removed and a ‘good gene’

introduced in its place. This good gene is introduced into the plant genome by

the bacteria ‘infecting’ the plant with its plasmid. Crown gall disease is then

prevented in these ‘new plants’ along with the ‘good gene’ being expressed.

4.1.

4.2.

4.3.

4.4.

4.5.

[Adapted from John Adds, Erica Larkcom and Ruth Miller]

Describe how the tumour-causing gene is removed from

Agrobacterium tumefaciens. 2)

Explain why the ‘new plants’ produced would not be an example of

artificial selection. (2)

Provide ONE similarity and ONE difference between the process

described in the text and gene therapy. 2)

Suggest ONE ‘good gene’ a farmer would want inserted into a plant
he is cultivating. 1)

What is meant by the term ‘genetic engineering’? 2)

Study copy distributed by EduResource ZA | eduresourcza.com
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K-TEST 04 — 60 marks (50 minutes)

QUESTION 1

Several Multiple Choice questions are provided below. Write down the letter

representing the most correct answer:

1.1. Two individuals are crossed. One is homozygous dominant (TT) and the

other is heterozygous. The genotypes of their offspring will be: 2)
A ATt

B 50%TT;50% Tt

C 50%TT; 50% tt

D 25% TT;50% Tt; 25% tt

1.2. DNA was extracted from one liver cell of a walrus and a human. In what

way will these two sets of DNA be different? 1)
A The ratio of cytosine to guanine
B The type of pentose sugar present
C The types of nucleotides present
D The order of nucleotides present

1.3. The image below shows how sex can be predicted in offspring.

Father Mother

Parents

Gametes

Offspring

Son Daughter

hitps:/Awww. o biology-ci 1

Which of the following correctly states the gonosomes of Q and R?

Q R
A X XY
B X XX
c Y XY
D Y XX

Page 15 of 34
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1.4.

15.

The diagram below shows a DNA molecule. Which letter (A — D)

represents one nucleotide? 1)

!
il

You are provided with a section of DNA that consists of 14 000 base
pairs. Which of the following would be the correct inventory of sub-

molecules present? (2)

28 000 pentose sugars, 14 000 phosphates, and an equal ratio of
cytosine to thymine and adenine to guanine

14 000 pentose sugars, 14 000 phosphates, and an equal ratio of
cytosine the guanine and adenine to thymine

28 000 pentose sugars, 28 000 phosphates, and an equal ratio of
cytosine to guanine and adenine to thymine

14 000 pentose sugars, 28 000 phosphates, and an equal ratio of

cytosine to thymine and adenine to guanine

2.1.

2.2.

2.3.

2.4.

2.5.

QUESTION 2

Two similar phases of meiosis are shown in the micrograph below:

-
-l
& »
w B

https://www.biologyexams4u.com/2013/03/major-events-in-meiosis_5914.htm|

Identify the phase of meiosis occurring in each of the two cells above.

@
Fully describe ONE way in which genetic variation is achieved
through the process of meiosis. 4)
Explain what is meant by the term ‘haploid’. Q)

Down Syndrome is a chromosomal mutation caused by non-
disjunction during meiosis. Describe non-disjunction and how this

can directly lead to having a child with Down Syndrome specifically.

©)

Explain how a karyotype can be used to determine is a person has

Down Syndrome. 2)

Page 16 of 34
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QUESTION 3

Barth syndrome is a rare genetic disorder characterised by severe heart
problems, underdeveloped muscular structure, growth delay and an extremely
low predicted life expectancy. This disorder arises almost exclusively in males

and is an X-linked recessive disorder.

Although most males born with this disorder die at a young age, there have
been isolated instances of individuals surviving into late adulthood. One such
case was investigated in a Spanish journal, Revista Esparola de Cardilogla in
2013. As part of that investigation, the following family pedigree was
constructed for Patient A:

TF—T®

11 1.2

[

Lo &

1.2 1.3 1.4 1.5 1.6

= o & x b 9

.1 .2 1.3 .4 .5 .6

21 days 2months
http://www.revespcardiol.org/en/barth-syndrome-in-adulthood-a/articulo/90180992/

In the pedigree, the squares represent males and the circles females. Fully
blackened individuals are affected, clear shapes are unaffected individuals,
and circles with a dot in the middle indicate carrier females. Shapes with lines
drawn threw them indicate deceased individuals.

Patient A was found to have two male cousins who died in infancy from Barth
syndrome, and two male uncles who also died of suspected ‘infectious

diseases’ at birth.

3.1.

3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

Explain what is meant by the phrase ‘X-linked recessive’. )

From the pedigree, identify which individual represents ‘Patient A'.

@
Using the symbols B for the normal gene, and b for Barth syndrome,
identify the gentoypes of the following individuals: )
a) 1.2
b) .4

Suggest ONE reason why the genotypes of individuals 11.5 and 11.6
are unknown. 2)

Using your knowledge of genetics, explain why Barth Syndrome is
almost exclusively found to affect males. 2)

Around half the cases of Barth syndrome are caused by a
substitution mutation. Provide a sketch to illustrate the concept of a
substitution mutation. 2)

Individual IIl.2, Lolita, comes to you (in the role as a genetic
counsellor) asking for advice. She knows she is a carrier of the
defective gene for Barth Syndrome and wishes to have children. She
is married to a man who is not affected by the disorder. Using a
Punnett square (and the letters from 3.3), determine to the
percentage chance that she will have a child with Barth Syndrome
and the gender of the child. (6)

Discuss the importance and impact of genetic counsellors in modern

times. 3)
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QUESTION 4 4.3.
The diagram below illustrates the process of protein synthesis: 4.4,
{Adapted from: https://za.pinterest.com/pin/296674694189318716/} 4.5.
4.1. Provide labels for the following structures: (4)
a) P 4.6.
b) M
4.7.
c) R
d) Q
4.2. Name the process occurring at label O. (2)

Write down the complimentary DNA sequence of codon Z. Q)

Using the mRNA circle below, state the three amino acids coded for
by mRNA strand N. ?3)

https://journals.asm.org/doi/10.1128/JB.00091-19

A point mutation occurred at the third base of the last codon of mMRNA
strand N, whereby adenine was replaced with guanine. How would

this have affected the protein created? Explain your answer fully.

©)

Tabulate TWO differences between the structure of DNA and

proteins. (5)

The structure of DNA was a relatively recent discovery in general
scientific terms. Briefly discuss why it was so important that Watson
and Crick cracked the code of the structure of DNA. 3)
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K-TEST 05 — 60 marks (50 minutes) 1.2.

QUESTION 1

Several Multiple Choice questions are provided below. Select the letter which

represents the most correct answer:

1.1. The diagram below represents a DNA molecule. Which part
depicts deoxyribose? Q)

1.3.
A W
B. X
C. Y
D. z
1.4.

The following events occur after DNA is subjected to radiation. The

events are listed in no order.

P: Change in protein structure
Q: Change in amino acid sequence

R: Change in cell activities

S: Mutation

What is the correct sequence of events? 1)

A S,P,Q,R

B S, QPR

Cc R,QS,P

D R,S, QP

Which statement about a diploid cell is NOT correct? Q)

A. It can undergo a mitotic division to allow growth to occur.

B. It can undergo a reduction division to form haploid cells.

C. It is one that possesses two complete sets of
chromosomes.

D. It is one that possesses one complete set of chromosomes.

In a genetic engineering experiment a piece of double-stranded DNA
containing 6000 nucleotides coding for a specific polypeptide is

transcribed and translated. What is the total number of amino acids

in this polypeptide? (2
A. 500

B. 1000

C. 2000

D. 3000
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QUESTION 2

State the name for the following terms: (4)

2.1. A pair of similar shaped and sized chromosomes present during
meiosis

2.2. A body cell containing a diploid number of chromosomes

2.3. The name given to chromosomes that determine sex

2.4 The use of biological processes in industry; the use of living

organisms or processes to develop products

Provide definitions for the following terms: 4
2.5. Transgenic
2.6. Allele

2.7. Monohybrid cross

2.8. Polyploidy

QUESTION 3

Analyse the following text and answer the questions that follow:

In 1962 Watson, Crick, and Wilkins jointly received the Nobel Prize in
Physiology or Medicine for their determination of the structure of
deoxyribonucleic acid (DNA). Wilkins’s colleague Franklin was not so
honored. The reasons for her exclusion have been debated and are still
unclear. There is a Nobel Prize stipulation that states “in no case may a prize
amount be divided between more than three persons.” The fact she died
before the prize was awarded may also have been a factor, although the
stipulation against posthumous* awards was not instated until 1974.
*posthumous — after death

{Adapted from: https://www.sciencehistory.org/historical-profile}

3.1. In what year did Watson and Crick discover the structure of DNA?
1)

3.2. Briefly describe how Watson and Crick’s work lead the understanding
of genetic replication. 2

3.3. In the 60’s, the process of protein synthesis was also discovered

through their work. In the form of a flow diagram, describe the

process of translation that occurs in protein synthesis. (6)

3.4, Do you feel it was justified that Rosalind Franklin did not receive the
Nobel Prize for her contributions? Justify your answer with ONE well-
explained point. 3)
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QUESTION 4

Consider the following infographic:

Inherited from all ancestors

Nuclear DNA Mitochondrial DNA (mtDNA)

Inherited from a maternal lineage
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{Adapted from: https://undsci.berkeley.edu/search/imagedetail.php?id=175&topic_id=&keywords}

4.1.

4.2.

Tabulate THREE differences between nuclear DNA and

mitochondrial DNA. (5)

Briefly describe the theory related to how mitochondrial DNA came

into existence. 3)

Consider the following case”

4.3.

4.4.

Switched babies

June 1 2014 at 10:23 a.m.
By Vivian Attwood.

Durban — The case of two children who were mistakenly switched shortly
after birth made headlines this week.

The babies, a boy and a girl, were born on the same day in 2010 at Oliver Tambo
Memorial Hospital in Johannesburg. While the hospital has conceded its error, it
has given no details of how it occurred. The mistake was detected when one of
the mothers had DNA tests done after her ex-husband refused to pay
maintenance, claiming he was not the father.

This mother then demanded that her biclogical child be returned to her. However,
the other mother refused. The matter is currently to be considered by the North
Gauteng High Court.

[Source: <www.iol.co.za/news/south-africa>]

The High Court is expected to make an objective decision. Provide
ONE argument FOR and ONE argument AGAINST the returning of
the babies to their biological parents. 2)

The diagram below shows the DNA profiles of one set of the parents
with their biological child as well as the child they took home from the
hospital. Which child is the biological child of Mother A and Father

A? Substantiate your answer. 2)

I _HTETH 1

MotherA FatherA Child1  Child 2

[Adapted from: <http:/Awww.accessexcellence.org>]
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4.5. State any THREE steps involves in the process of creating a DNA
profile. (3)

Analyse the following karyotype:

/7
t

29 agev
L o] aren

IRIR IR IR
60 4% 88 33 iz &s

g
28 is (3 A !

bi:] 20 21 22
https://en.wikipedia.org/wiki/Turner_syndrome]

4.6. What is meant by the term ‘karyotype’? 2
4.7. Identify what is unusual about this karyotype that would indicate this
person has a chromosomal disorder. 2

QUESTION 5

The diagram below (pictures A — G) shows different phases of meiosis. The

slides are not in the correct sequence.

E

11 — 13

12 ——f

5.1. State ONE visible reason to justify why the above images are indeed
showing meiosis occurring. 1)

5.2. Why does meiosis occur in animals and plants? 2)

5.3. Why are chromosomes and their structure significant to the
functioning of meiosis? ?3)

5.4. Place the images above in the correct order for meiosis. 2
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QUESTION 6

Consider the following:

Researchers at the University of Missouri, led by Praveen Rao, are developing
a free, online resource that could help scientists accelerate their discoveries
for various human diseases — such as sickle cell disease, cystic fibrosis, and
even COVID-19 — by analyzing human genomes three times faster than
currently available methods. Since the Human Genome Project (HGP) began
in the early 1990s, advances in technology have allowed scientists to develop

a more detailed view of the human genome.

https://www.eurekalert.org/news-releases/937326

6.1. Describe TWO of the main goals of the Human Genome Project.
4)

6.2. Suggest and explain ONE benefit of being able to analyse a human
genome 3 times faster. 2
6.3. What is meant by the term genome? @)

6.4. Sickle-cell disease and cystic fibrosis are both autosomal conditions.

Name ONE sex-linked genetic disorder you have learnt about. (1)
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K-TEST 06 — 60 marks (50 minutes)

QUESTION 1
Study the following table which consists of two items (numbered 1 and 2) in
the first column and a term in the second column. Decide which item(s)

relate to the term.

Write down your choice in the space provided in the "answer" column, making

use of the following codes: 5)
A only item 1 relates to the term
B only item 2 relates to the term
C both item 1 and 2 relate to the term
D neither item 1 or 2 relates to the term
Item Term
1. All the genes present within a population
2. All the genes present within a cell Gene pool
1. Sex cell
2. Diploid cell Gonosome
1. Used when creating a DNA profile
2. Used when creating mRNA Polymerase
1. Present in mRNA
2. Present in mtDNA Thymine
1. Homologous chromosomes separated
2. Sister chromatids are separated Anaphase ||

QUESTION 2

Even though many strides have been made to reduce the trade in ivory,
elephant poaching continues to occur in Africa. Tusks are important structures
to elephants, providing both protection from enemies and a means to forage
for food. They are not essential for survival though. A growing trend is being
seen that more elephants are being born without tusks, essentially inheriting
a ‘tuskless gene’ from their parents. It was found that this ‘tuskless gene’ was

inherited in an autosomal recessive fashion.

Below is an image of a family pedigree tracking one family of elephants in
Mozambique. In the image, filled shapes represent individuals who are
tuskless and non-filled shapes represent individuals who have tusks. Circles

are females, squares are males.

B O

B
A
https://www.nature.com/scitable/content/in-this-family-pedigree-black-squares-indicate-6721103
2.1. What is meant by the term ‘autosomal recessive’? 2)
2.2. Choose a key to represent a normal individual and a tuskless

individual. State and use this chosen key to identify the genotypes of
individuals A and B from the pedigree. 4)
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2.3.

2.4,

2.5.

Explain why, based only on the information presented, it is
impossible to say with certainty what the genotype of individual C is.

®)

Elephant A is going to have offspring with a female who has no
history of the tuskless gene in her family. Use a Punnett square (and
your chosen key in 2.2) to show the predicted chance their offspring
will be born tuskless. Include in your answer the genotype and
phenotype ratios of the potential offspring. @)

The ‘tuskless’ gene is caused by a mutation. Explain why this
mutation can be describes as both a beneficial and a harmful
mutation to the elephants. 2

QUESTION 3

The image below is one example of the experiments conducted by Mendel

using pea plants to understand inheritance.

3.1.

3.2.

3.3.

3.4.

P Generation
({true-breeding
parents)

% T
% A4

Purple flowers l White flowers

All plants have
purple flowers. ]

F, Generation

(hybrids)
l Self-fertilization in
F, plants
F, Generation ot
Lt -

+ of plants

-f- of plants
have white flowers.

have purple flowers.

https://www.geocaching.com/geocache/GC71P78_gregor-mendel?guid=eleb4436-58f8-4e2e-9a56-d3b1d291df85

Describe how the work conducted by Mendel paved the way for
modern genetics. ?3)

Originally, Mendel’'s conclusions were not accepted by the scientific
community. Suggest ONE reason why this was the case, and provide

ONE reason why it was accepted at a later stage. 2)
State what the genotypes representing the following words:

a) True-breeding

b) Hybrids 2

Besides flower colour, state ONE other type of characteristic of the

pea plant that Mendel experimented with. Q)
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QUESTION 4

Proposition 37 was a California ballot measure rejected in California at
the statewide election on November 6, 2012. This initiative would have
required labelling of genetically engineered food. It would have disallowed the
practice of labelling genetically engineered food with the word "natural”.

Adapted from [https://en.wikipedia.org/wiki/2012_California_Proposition_37]

https://www.growingagreenfamily.com/support-yes-on-prop-37/

WHAT IF EVERYTHING WAS
LABELED LIKE GENETICALLY
ENGINEERED FOODS?

4.1. What is meant by the term ‘Genetically Modified Organisms’? (1)
4.2. Explain how GMQO’s are related to artificial selection. 2)

4.3. Justify whether you feel those in favour of Proposition 37 have a valid
scientific argument to force companies into labelling their products
as genetically modified. Support your view with TWO valid
arguments. 2)

One of the most prolific genetically engineered products is ‘Golden Rice’,
which has been engineered to produce beta-carotene. This gene allows for
greater Vitamin A to be produced and absorbed. It has been developed to
combat increasing blindness in children due to lack of quality food particularly
in Sub-Saharan Africa and South Asia.

Daffodil Beta-carotene biosynthesis Gene inserted into
gene extracted from Daffodil normal rice plant

) :
( AN
>”’\ /|
- ATGCAATCG...
TACGTTAGC...
A

Yield of Golden Rice

A S

- ) [

https://kids.frontiersin.org/articles/10.3389/frym.2020.00114

4.4. Suggest ONE reason why rice was chosen to be engineered. (1)

4.5. Explain the role of restriction enzymes and ligase in the process of
creating golden rice. 2

4.6. Political and environmental group resistance has been raised over

the implementation of Golden Rice. Discuss TWO arguments against
the implementation against the use of Golden Rice. 4)

4.7. Usually, plant genetic engineering begins with clones that develop
into fully developed plants. Provide the term used for this procedure.

@
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QUESTION 5

The image below shows a phase of protein synthesis occurring

Elongation 2

https://slideplayer.com/slide/12317597/

5.1. Identify the process shown in the diagram. 1)
5.2. Name the enzyme indicated by label 1. 1)
5.3. Which label number indicates the coding strand? 1)
5.4. Write down the first codon shown in the diagram. 1)
5.5. Construct a biological drawing to show the full structure of a generic
nucleotide (indicated by label 3). (4)
5.6. Explain why the order of nucleotides of molecule 4 determines what
protein is made. (2
5.7. Discuss the impact a frameshift mutation would have on the process
of protein synthesis. 3)
5.8. Discuss how knowledge of mutations has increased our knowledge
of inheritance patterns. 3
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K-TEST 07 — 60 marks (50 minutes)

QUESTION 2

UESTION 1 Huntington’s disease is a progressive brain disorder that causes uncontrolled
QUESTION 1
movements, emotional problems, and loss of thinking ability. It usually
Analyse the family pedigree below showing the inheritance of red-green colour appears in a person's thirties or forties. Many people with Huntington’s
blindness: disease develop involuntary jerking or twitching. Affected individuals may
have trouble walking, speaking, and swallowing. Individuals with Huntington’s
@ disease usually live 15 to 20 years after symptoms begin. This condition is
Sam lane inherited in an autosomal dominant pattern.
Normal brain Huntington's disease
Ventricle = Enlarged
ventricles 1 1
Mike | Sarah Tom Carrie Lisa loe '
|
Chris
Kayla Leslie Jacob rian Kristen Megan

https://brainly.com/question

Basal ganglia Atrophy of cerebral
nerve tissue and
basal ganglia
Adapted from: https://ghr.nlm.nih.gov/condition/huntington-disease

State whether the following are TRUE or FALSE based on the pedigree:

1.1. Chris has red-green colour blindness

1.2. Lisa is a carrier of the disorder

1.3. Mike’s genotype is XRY

1.4. Carrie’s genotype is Rr

1.5. Megan inherited the defective gene from her father

1.6. The disorder is only affecting males in this family

6
© 2.1. Explain what is meant by the phrase ‘autosomal dominant’. 2)
2.2. Provide a key to represent the normal (unaffected) condition and for
Huntington'’s disease. 2)
2.3. Use a Punnett square to show the probability that the offspring an

unaffected individual and a heterozygous individual would have
Huntington’s disease. Use your key chosen in 2.2.

In your answer you must include the phenotype and genotype ratios.

™
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QUESTION 3

Patau Syndrome is a chromosomal condition associated with severe
intellectual disability and physical abnormalities in many parts of the body.
Individuals with Patau Syndrome often have heart defects, brain or spinal cord
abnormalities, very small or poorly developed eyes, extra fingers or toes, an
opening in the lip with or without an opening in the roof of the mouth, and weak
muscle tone. Due to the presence of several life-threatening medical
problems, many infants with Patau Syndrome die within their first days or

weeks of life.

Adapted from: https://ghr.nlm.nih.gov/condition/trisomy

The karyotype below shows an individual with Patau Syndrome

) | it £ Iy -
w ‘. Ql ,,' # LR ¥ -
s v 3 ' -
) " - F ¥ fe £3
’ 4 " n % £y 83 'R
5 -"‘ . R\ “ % '. is
. i v ' 4
1 2 3 4 5
L 3 J ']
i ' g M Y ' Ju o |
it A% @R AR 24 An 1
‘ b % '.rp y 3 ¢ ,‘: .
6 7 2] 9 10 11 12
.,n: L3 ; ;" . ¥ & -;
!";’ ;!-1- : I8 ' BY e b3
13 14 15 16 17 18
i
s
:: a e ol \.A-
19 20 21 22 X Y

3.1.

3.2.

3.3.

3.4.

3.5.

3.6.

Identify the gender of the child from the given karyotype. Q)
Describe the chromosomal abnormality from the karyotype. 2)
State TWO phenotypic outcomes of Patau Syndrome. )

Describe the process in which an individual would acquire Patau

Syndrome. 3)

Although the relationship between age of a mother and incidence of
Patau Syndrome has not been established, some chromosomal
abnormalities have been linked to the increasing age of a woman. In
your opinion, should it be compulsory for pregnant women over the
age of 35 to have an amniocentesis performed? Justify your answer
with ONE biologically relevant point. ?3)

Explain why CRISPR technology could not be used to treat Patau
Syndrome. 2
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QUESTION 4

The diagram below shows the process involved in transforming a plant

DNA Containing

T DNA

/ Ti Plasmid
Site where

restriction
enzyme cuts .y

Agrobacterium

the gene of interest

L ooy ! Inserted TDNA
R \@\ carrying new gene

Recombinanat
Ti plasmid

Plant with

tumefaciens new trait
https://byjus.com/biology/tools-recombinant-dna-technology/
4.1. State the name of the specific process illustrated. @)
4.2. Identify and explain any FOUR steps in this biotechnological process.
4)
4.3. Suggest ONE reason why plants would need to be transformed.
)
4.4. Tabulate TWO advantages and TWO disadvantages of GMO
organisms. (6)
4.5. A controversial point regarding GM foods is labelling. Do you feel it

should be compulsory to labelled foods that contain GM sources?
Justify your answer with ONE well-explained point. 3)

QUESTION 5

The image below depicts the process of translation

Asparagine [ B
Methionine
c -
UiALCIAL AL G E
AP M ; M
w0 LT B e

https://za.pinterest.com/pin/797207571514724520/

5.1. Provide labels for structures A, B, C and E. 4)

5.2. What are represented by the words ‘methionine’ and ‘asparagine’?
@

5.3. State the type of bond that will exist between methionine and
asparagine. Q)

5.4. Structure D is a specific type of nucleic acid. Name any TWO other
forms of nucleic acid. 2)

5.5. The image shows translation. In flow diagram form, describe the
process that happened before translation. ©)
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K-TEST 08 — 60 marks (50 minutes)

QUESTION 1
Select the term in Column B that matches the phrase in Column A. (10)
COLUMN A COLUMN B
1. Bonds that hold nucleotides together in a | A. Polygenic
DNA strand
2. A complete set of genes contained within | B. Mutation

the cell of an organism

3. Continuous characteristics influenced by

several alleles

C. Heterozygous

4. An organism that has inherited two of the

same version of an allele

D. Karyotype

5. A group of three adjacent nucleotides found | E. Nucleotide
on a tRNA strand

6. A permanent change in the nucleotide | F. Peptide
sequence of DNA

7. The monomer of proteins G. Hydrogen

8. A \visual representation of all the

chromosomes and individual has inherited

H. Amino acids

9. The monomer of nucleic acids

|. Codon

10. The bonds that form between amino acids

J. Genome

K. Homozygous

L. Anticodon

QUESTION 2

Study the following table which consists of two items (numbered 1 and 2) in

the first column and a term in the second column. Decide which item(s)

relate to the term.

Write down your choice in the space provided in the "answer" column, making

use of the following codes: (6)
A only item 1 relates to the term
B only item 2 relates to the term
C both item 1 and 2 relate to the term
D neither item 1 or 2 relates to the term
Item Term

[EEY

. Makes use of micropropagation
2. Makes use of vectors

Gene therapy

1. Double-stranded, ring-shaped molecule in the mitochondria

2. Produced in the gonads of an individual

2. Single-stranded, ring-shaped molecule in the mitochondria mIDNA
1. Is the organism that matures a cloned embryo
2. Provides the nucleus of the organism to be cloned Donor
1. A haploid cell
Somatic cell

1. Use of living processes

2. Creation of products to benefit society

Biotechnology

1. Guided by nature
2. Creates greater variety in organisms

Artificial
selection
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QUESTION 3 3.6.

The picture below represents a particular process occurring during protein

synthesis. Analyse the picture to help you answer the questions that follow.

3.1.

3.2.

3.3.

3.4.

3.5.

B

— ’ C

e 7
e i

/AAAAUGCCGCACCUUCCGGUACCAUUUGAGUAAG

/

nup: VIS KL

Identify structures A and C. 2)
State the bond represented by B. 1)
Where in the cell would the process above take place? 1)

State the first THREE anti-codons for the section of mRNA shown.

State and explain TWO visible reasons why molecule D is mRNA and

not

DNA. 4)

3.8.

Use the mRNA circle below to identify the first two amino acids of the
polypeptide shown in the diagram. 2)

https://www.pinterest.es/pin/1080864597 78368868/

A mutation occurs where the first nucleotide of the above mRNA
sequence is changed from A to U. State the type of mutation and

describe the effect this will have on the protein created. 3)

Describe ONE difference between the process of DNA replication
and DNA transcription. 2
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QUESTION 4

The image below represents a certain stage of meiosis. Analyse the picture

and answer the questions that follow:

hitps:/hww. co biology-aqa/4-geneti i 4-3-genetic-diversity

4.1. State ONE organ in humans where meiosis occurs. Q)
4.2, Explain why meiosis is an important process for humans. 2
4.3. Identify the phase of meiosis shown in the diagram. Provide a reason
for your answer. (2)
4.4. Briefly explain what the process of ‘crossing over’ is and why it is an
important process in meiosis. 2)
4.5, Based on the diagram above, how many chromosomes will be
present in this cell's gametes? 1)
4.6. Down Syndrome is a disorder that results from abnormal meiosis. A

famous reality television show, “Born This Way”, airs on the
American network A&E. This reality show follows the lives of 7
individuals living with Down Syndrome. Critique the use of reality
television shows to raise awareness of this and similar genetic

conditions. 2

QUESTION 5

Analyse the following text and answer the questions that follow:

Duchenne Muscular Dystrophy (DMD) is a fatal neuromuscular disorder
caused by a recessive mutation on the X chromosome. DMD is more common
in boys than in girls. It is now known that the DMD gene encodes dystrophin,
a huge muscle protein with about 4,000 amino acids that plays an integral role
in maintaining the structural integrity of muscle cells. Most DMD patients use
a wheelchair by their early teens, with their muscles becoming progressively
weaker. Patients usually die from heart or respiratory problems by their
twenties or thirties, if not before. Although DMD is named after the French
neurologist Duchenne de Boulogne, who first described the disorder in the late
1800s, the cause of this disease remained a medical mystery until the mid-
1980s, at which time the DMD gene defect was identified.

Adapted from [nips:/mw.nature. i Jinked-di n f-duchenne-800/]
5.1. Define the following terms:
a) recessive Q)
b) gene (1)
5.2. Explain why DMD is more common in boys than girls. 2)
5.3. Describe ONE way the work of Mendel would have assisted in
gaining an understanding of the cause of DMD. 2)
5.4. If D represents the dominant allele, and d the recessive allele, state

the genotypes of the following individuals:
a) Normal male

b) Carrier female 2)
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5.5. Using the same letters stated in 5.4., use a Punnett square to show
the phenotype and genotype ratio of the offspring a normal male and

carrier female would produce. (5)

5.6. Consider the following:

Prenatal tests are common when parents suspect their child has a genetic
disease such as DMD. However, some X-linked diseases have no formal test
or known causal factor, so some parents only test the sex of the baby. Ifit is

a girl, she will be carried to full term; if it is a boy, it will be aborted due to the

high chance of having a deadly disease.

Adapted from [hnps://vwvw.nature.comlscitable/topicpage/sex-linked-diseases-the-case-of-duchenne-BOO/]

Evaluate the ethics of the above information by providing ONE
argument in favour and ONE argument against the use of ‘sex

testing’ for genetic conditions. 2)

5.7. Besides a thorough knowledge of genetics, suggest ONE other skill
a genetic counsellor should be trained in to deal specifically with
individuals who have a family history of DMD. (2)
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