
• Son problems out as they nmc b} talking to your tl·ad, •r or lmuns1urming 
with your peers. 

• Apportion your stud)' effort equaUy across all your subjects. i1hin a ~tudy you 
should spend your study time in proportion co the m:u:ks allotted. For example, 
spend more time on 'genetics' compared with 'natural selection' o.r 'evidence 
for evolution'. 

• Don't memorise things rou don't understand. 

• Aim co keep fir and sleep weU. A brain WeU supplied with oxygen works better 
than one lacking an efficient Ol!.')'gen supply! 

Hints for answering the examination in November 
• Highlight the key words in the articles and questions as you answer them - but 

don't mark the paper during reading time! 

• State the obvious. Do what the question asks. \'({hen asked a question, answer 
res, no, agree, or disagree, then support )'our answer. 

• Keep your answers shore and simple. Point fonn is often enough. 

• Do nor use biological terms that you do nor understand. You will probably not 
use diem in die correct context. Most ideas can be explained using simple, 
commonlr used words. 

• se pen, not pencil, for Section B. Ageing markers have difficulty reading 
pencil answers late at night! Your examination will be scanned and are marked 
online. Pencil does not scan as weU as pen for written answers. 

• Use a ruler co read graphs accurately. Do not just guess! ear enough may not 
be good enough! 

• Make sure your writing can be read. Scra,vling does not hide che face d1at you 
cannot spell or are not sure of the answer. 

• Do not spend too long on a question. If )'ou are stuck on a question, move to 
another question, and return to the 'sticking point' later if you have time. 

• Scar rela..xed :u1d calm. lf you are finding a question difficult, chances are your 
fellow students ,vill also find the question difficult. A well-reasoned answer will 
be rewarded. 

• Good luck and don't give up! 

Chapter 2 
What is the role of nucleic acids 
and proteins in maintaining life? 
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\'(/hat is the difference between transformation and transfection? 

List the ways foreign D A can be inserted into a cell . 

Explain how the Ti pla mid is used to transfer genes into plan rs. 

ti: f U bl 1e o owrng ta e. Complete 

U se of GMO 
E xample Advantage 

To provide resistance to insect predation 

To provide resistance to disease 
we should us 

c LI table b)' staung three reasons why Complete the ,o owmg 
h shouldn't GMOs and three cea ons w rwe 

For 
Against 

e 

What is the role of nucleic acids and proteins? 13 

Multiple-choice questions 
Use the fallowing i11fom1alio11 lo a11s111erQ11estio11s 74 and 7 J. 

The diagram below represents part of a D A molecule. 

X 

74 [VCAA 2015 SA Q3] 
J\ single D 1\ nucleotide is shown by sub-unit(s) 

A X alone. 

B X and Y together. 

C Y and Z together. 

D X, Y and Z together. 

75 [VCAA 2015 SA Q4] 
\ feature of D J\ that can be seen in the diagram above is 

z 

A the anti-parallel arrangement of the two strands of nucleotides. 

B the process of semi-conserYative replication. 

C its rihose sugar-phosphate backbone. 

D its double-helix trncrure. 

76 [VCAA 2018 SA Q4) 
rhe genetic code is described as a degenerate code. 

' I111s means that 

A in almost all organisms the same D A triplet is translated to d1e same amino 
acid. 

8 some amino acids may be encoded by more than one codon. 

, a single nucleotide cannot be part of two adjacent codons. 

D three codons are needed to specify one amino acid. 

77 [VCAA 2020 SA Q7] 

The codon table that follows can be used to determine amino acids coded for by a 
nudt·otide sequence. 



• ,, .,,"""~ r -""·•- - -- . 

lstporuioa 1ad positioa 
(5' tad) l C A .. 

L' ~ Ser 1\T 
Pht Ser lvr 
Lm Sa- STOP 
Leu Ser STOP 

C Leu Pro His 

Leu Pro His 
Leu Pro Gin 
Leu Pro Gin 

A ~ Tbr Am 
Ile Tbr Am 

~ Tbr Lw 
Mf'l 1br Lya 

G v.I Ala Asp 
v.I Ala A.SD 
v.I Ala Glu 
v.I Ala Glu 

It is correct to state that 
A identical amino acid sequences are found in all organisms. 
B the genetic code is degenerate with respect to let. 
C rhe codon GGU adds Trp t0 a polypeptide chain. 
D the DNA template sequence GAi\ codes for Leu. 

78 [VCAA 2015 SA Q23] 

G 

~"S 

Cw 

STOP 
1rp 

An 
Ar,. 

Ar,. 

An, 

Sa-
Ser 
An 
Arg 
Gly 
Gt,.• 

Gtv 
Glv 

The following is a sequence of amino acids located within a polypeptide: 
-Asn- Gly- Pro-Arg-Ser-

Jnlp "lioa 
(3'md) 

+ 
l' 
C 

A 
G 
l' 
C 

A 
G 

r 
C 

A 

G 
u 
C 

A 

G 

1st position 2nd position 3rd position 
(S'end) u C A G (3'end) 

l l 
u Phe Ser Tyr Cys u 

Phe Ser Tyr Cys C 
Leu Ser STOP STOP A 
Leu Ser STOP Trp G 

C Leu Pro His Arg u 
Leu Pro His Arg C 
Leu Pro Gin Arg A 
Leu Pro Gin r\rg G 

A Ile Tbr Asn Ser u 
Ile Thr Asn Ser C 
Ile Thr Lys Arg A 

Met Thr Lys Arg G 
G Val Ala Asp Gly u 

Val Ala Asp Gly C 
Val Ala Glu Gly A 
Val Ala Glu Gly G 

WW II n na prot in , io 

l 1bing the 1nblc provided, the l)Ni\ 11.:mplntc ~c~iucncc 1hal could code For this amino 
acid sequence is 

A TIG / C C / GGT / GCT / T G 
e· TIG /GIT/ GGT / GCT / TCG 
C TIG / CCC / GGT / GCT / TCT 
D UUG / CCC / GGU / CGU / UGC 

79 [VCAA 2014 SA QS] 

The part of a molecule referred to as an anticodon can be found in 
A D A. 
B transfer RNA. 
C ribosomal RN A. 

D messenger RNA. 

80 [VCAA 2011 E2 SA Q24] 
The first step of gene expression is 
A translation of DNA. 
B transcription of DNA. 
C modification of RNA. 

D packaging of proteins. 

81 [VCAA 2011 El SA Q44] 
A molecule of transfer RNA could include cbe nucleotide sequence 
A CTCGAUTAC 
B GGCUU AAA 
C CCUUTUGAG 
D AAAATACCG 

82 [Adapted VCAA 2020 SA Q26] 

The trp operon in prokaryotes illustrates the switching off and on of genes. 
The operator within the trp operon 
A is a regulatory gene. 

B attaches RNA polymerase. 
C codes for the production of an enzyme. 

D is the binding site for the repressor protein and tryptophan. 

Use the folloJl'i11g i11forwatio// to a11.r1JJer Qlfestio11s 83 a11d 84. 

Structural genes can be switched off and turned on by transcriptional factors 
expressed by regularory genes. Tn prokaryotes, a group of genes associated with the 
breakdown of tryptophan is grouped together in a single operon called the trp 
opero□. The diagram belov.' shows the position of the genes on the prokaryotic 
chromosome. 

regulatory 
....--------- trpoperon -------

~......;;g_en_e-J!.__...1...~P•~om~o~te~r-L..~op~•~•a~lo~r..J....~1~..:....:.E--1._:tr~p~O_JLtrp::.:...:B.......1.___::trp:!'...:.A_~ 



83 (Adapted VCAA 2019 A QJJ 
Transcription of the strucn.1ral genes within the trp opcron will o · ·ur \\ hrn 

A a repressor molecule is attached to the operatar. 

B RNA polymerase is attached tO the promoter. 

C tryptophan is in high concentration in the prokaryotic cell. 

D transcription of the regulatory gene is optimal. 

84 [Adapted VCAA 2019 SA Q4] 
Transcription of the structmal genes within the trp operon results in the production 
of molecules of 

A a transcription factor. 

B a repressor protein. 

C tryptaphan. 

D mRNA. 

85 [VCAA 2019 SA Qll] 

Two different cells taken from the same human were viewed using a microscope. 

The diagrams below show the scrncture of the rwo cells, not d.rawn to the same scale. 

a neu trophil a neuron 

Due 10 copyright restric1ions. these images have been replaced ll"ith an equivale111 likeness. To vieh' the 
original exam material. please visit the VC.4A website. 

\Xlhich one of the following is a correct conclusion to reach when comparing the two 
cells? 

A At any given time, the genes expressed in each cell mar be different. 

B All proteins in each cell will have similar tertiary strncrures. 

C The two cells have the same proteome. 

D The two cells have different genomes. 

86 [VCAA 2020 SA Q8] 
The primary structUie of a protein is important because it 

A is the active, functional form of the protein. 

B has a verr specific th.ree-dimensional shape. 

C influences the way that the polypeptide folds. 

D directly controls the way proteins are transported into a eel.I. 

87 [VCAA 2019 SA Q5] 
\'('hicb one of the fo llowing statements about proteins is correct? 

A The activity of a protein may be affected by the temperature and pH of its 
env1 rorrmcn t. 

B The primary structure of a protein refers to its tlu:ee-dimensional protein shape. 

C Proteins arc not involved in the human immune response. 

pro! •lfl with n lllillli-11111 ~,1111 IUI\' will be ,111 cn1ymL. 

88 (V AA 2018 A Q ] 

OH 

I 
NH2 0 H C=O 

I II I I 
R-C-C OH H N-C-H 

I I 
H R 

H20 

The diagram above represents adjacent amino acids being joined t0getl1er. 

The joining of adjacent amino acids 

A results in the fom1ation of a nucleic acid. 

B is an energy-releasing reac1jon. 

C is catalysed by D NA Ligase. 

D is a condensation reaction. 

89 [VCAA 2017 SA Q1] 
Consider the strncture and functional importance of proteins. 
W~ch one of the following statements about proteins is correct? 

A A change in the tertiary strnctUie of a protein may result in the protein becoming 
biologically inactive. 

B Proteins with a quaternary scrucrure will be more active than proteins without a 
quaternary sr.ructUie. 

C Two different proteins with the same number of amino acids will have identical 
fu nctions. 

D D enaturation will alter the primary structure of a protein. 

90 [VCAA 2018 SA Q2] 
The proteome is 
A the total DNA content that is present within one cell of an organism. 

B a complete set of chromosomes found inside a cell of an organism. 

C the entire set of proteins expressed by an organism at a given time. 

D the four hierarchical levels of protein suucturc. 

91 [VCAA 2015 SA Q8] 
In an investigation into the uptake of a protein by cel ls, scientists immersed two cell 
types in solutions of this protein. The investigation was carried out at two different 
rcmpernrures and the percentage of the protein taken up by 1.hc t\vo cell rypes was 
recorded over IO 1ninutes. 



37•c 25•c 

Cell type 1 

Cell type 2 

The data was presented in the table, as shown below. 

Cell type 1 Cell type 2 
Percentage of protein taken Percentage of protein taken 

up by cell up by cell 

Time (mins) At25 °C At 37 °C At 25 °C At37 °C 

0 0 0 0 0 
2 2 5 5 10 
4 4 10 10 20 
6 6 12 12 24 
8 8 16 16 32 

10 8 16 16 36 

Which one of the following conclusions is supported by the data? 
A The rate of uptake of th.is protein at 25 °C is not affected by cell type. 

B The percentage of this protein taken up by Cell type l is not affected by 
temperature. 

C The rate of uptake of this protein by Cell type 2 is faster at 37 °C than at 25 °C. 
D If the experiment conrjnued for another 10 minutes, the percentage of this 

protein taken up by Cell type I would increase. 

92 [VCAA 2016 SA Q7] 
In animal cells, tight junctions are multi-protein complexes that meruate cell-to-cell 
adhesion and regulate transport through the extracellular matrix. Proteins that form 
these complexes are made ,,'ithin the cell. 

One pathway for the production of protein for these junctions is 

A nucleus - ribosome - Golgi apparatus - vesicle - endoplasmic reticulum. 

B nucleus - ribosome - endoplasmic reticulum - vesicle - Golgi apparatus. 

C nucleus - vesicle - en<loplasmic reticulum - Golgi apparatus - ribosome. 

D nucleus - vesicle - Golgi apparatus - ribosome - endoplasmic reticulum. 

93 [VCAA 2019 SA Qt] 
Consider the movement of macromolecules across the plasma membrane, as shown 
in the cliagran-1 on the following page. 

• • • 
• • • • 

• • • 
• 

OUTSIDE 
THE CELL 

Due to copyrightrestriccions, tlus 101age has been replaced ""th an equivalent likeness. To view the orii,,.nal 
image, please visit the VCAA website. 

\\ liHL type of transport is shown? 

facilitated ruffusion. 

ll simple ru ffusion. 

, t:ndocytosis. 

1) exocytosis. 

Use the jollo/lling i1ifor111atio11 to ansll'er Questions 94 and 9.J. 

I ,onsider the following cell diagram. 

orrecbon or I ,, •,•:.·._Process R 
ITIOllemenl i' ,· ; • 
Of roolecules 

94 [VCAA 2014 SA Q3] 
l~rocess R is an example of 

A exocycosis. 

B phagocytosis. 

C pinocycosis. 

D endocyrosis. 

95 [VCAA 2014 SA Q4] 
Ot!,>anelle X 
A 

B 

C 

is Lhe site of cellular respiration. 

packages protein molecules for o,-port from the cell. 

absorbs sunlight and produces carbohydrates. 
D produces ribosomal RNA. 



96 [VCAA 2019 SA Q2] 

Which one of the following organelles has the role of S)'tllhc:~Jsing pn,1c:ins from 
their monomers? 

A Golgi apparatus 

B ribosomes 

C vesicles 

D nucleus 

Use ihe fol/0111ing 1iifom1alion to af/S111er Q11estio11s 97 and 98. 

Protein M, made by a particular cell type, is released for use by other cells. 

97 [VCAA 2013 SA Q6] 

The site of synthesis of protein 1\1 is the 
A vesicles. 
B ribosomes. 
C plasma membrane. 
D smooth endoplasmic reticulum. 

98 [VCAA 2013 SA Q7] 

The export of protein M by these cells would involve 
A centtioles. · 
B lysosomes. 
C the Golgi apparatus. 
D chromosomes. 

99 [VCAA 2012 El SA Q7] 

Exarnine the fo llowi11g diagram of a pancreatic cell. 

The ~rd~r in which the parts of the cell play a role in the producrion and secrerion of 
proteins 1s 

A M, E, J , T. 

B T,J, J\ l, E. 

C J,T, E, M. 

D E, J\[, T,J. 

toor 2019 s Q 111 
I >N 1\ h1-1ast· 

101ns two D A frngirn.:tlts L<lAC lhe, by forming phosphouiesu;r bonds between 
the two fragments. 

n ,1c1 as molt:cular ~cissors, cutLing DNA molecules at specific nucleotide 
seyuc.:nces. 

C, separates two DN1\ strands dltring transcription so thaL a copy ca□ be made. 

1) is an enzyme involved in protein synthesis. 

101 [VCAA 2015 SA Q28] 
\ ribosome contains two distinct sub-units: a large sub-unit and a small sub-unit. 
ll1bosomes from prokaryotic and eukaryotic cells were isolated and subjecred to gel 
electrophoresis. The results are shown in the diagram below. 

sources of nbosomes _____ ,. 

loading ----1---+ 

wells 

ryollc eUl!aryobc prokaryotic 
cytosol rrntochondna ty1Dsol - - -

direction 
or travel 

Which one of the following can be correctly concluded from the gel electrophoresis 
results? 

A E ukaryote cytosolic and mitochondrial ribosomes translate the same types of 
protein. 

B Eukaryote mitochondria con tain the ribosomal sub-units of the smallest size. 

C Prokaryore ribosomal sub-units have opposing charges to each ocher. 

D Eukaqote cytosolic ribosomal sub-units travel at the greatest speeds. 

Use the jol/0111i11g i,,jorfllation lo answer Qlfestio11s 102 and JOJ. 

Genetic engineers use restriction enzymes to cut D A into smaller lengths. The 
recognition seguences of several restriction enzymes are shown in tl1c table below. 
The symbol * denotes the restriction site (position of the cut) . 

Restlirtion Recognition sequence 
enzyme (read in 5' to J' direction) 

EcoRI o•i A A T T C ·---------------------, C T T A A ;•o 
HtndIII A* i A G C T T ·---------------------, T T C G A ; •A 

Alul A G* 1 C T I 
I 

T c• I G A I 

Haem G a• I C C I 
I 

C c• I G G I 



102 [VCAA 2013 Q29) 
Consider a length of double-stranded DNA willi the set1ucncc 

5' T T A A G G A A T T C A A 3' 
3' A A T T C C T T A A G T T 5' 

Adding EcoRI to a solution containi11g one copy of this double-s tranded D A 
produces 
A two fragments of double-stranded D A, each with a sticky end. 
B four fragments of single-stranded D A, each with a sticky end. 

C two fragments of double-stranded DNA, each with blunt end . 

D four fragments of single-stranded DNA, each with blunt ends. 

103 [VCAA 2013 SA Q30] 
ow consider a different length of double-stranded D A with the sequence 

~ CTTAAGCTTCCAAATTACCGA Y 
Y GAATTCGAAGGTTTAATGGCT ~ 

\; hich enzyme(s) will cut this piece of DNA? 
A EcoRI only. 

B HindIII only. 

C r\lul and HindIII only. 

D Alul, HindIJI and Haelll only. 

104 [VCAA 2019 SA Q39] 
The diagram below is a map of a bacterial plasmid showing ORI, the origin of D A 
replication, and selected restriction endonuclease sites. 

EcoRl 

HincII 

Pstl ORI 

One plasmid was mixed with the restriction enzymes EcoRI, Baml-JI and Hindl. 

Which of the following shows the number of restriction sites that ha,·e been cut and 
the resulting number of D A fragments produced? 

A 

B 

C 

D 

Number of restriction sites cut 

3 

3 

4 

4 

105 [VCAA 2020 SA Q29) 

Number of DNA fragments 
produced 

3 

4 

4 

5 

A small sample of D A was obtained from a fossil. Polymerase chain reaction 
(PCR) was used to an1plify the amount of DNA obtained from the san1ple. 

Whtl h 011~ of I lw foll11\\ 1ug 1s ,l ron · ·t ~lat mt•nt rq;unlin~ du: l'( .R prw.:e~s? 

DNA p ,l>·m ·rnsc rnta lysl'S the p:uring of primers with complementary 
nu ·lcoddcs. 

U RNA polymerase catalyses the additions of nucleotide to a DNA strand. 

, Annealing and extension of the D A occur at different temperatures. 

0 The number of copies of the D A is quadrupled in each cycle. 

106 [VCAA 2018 SA Q28] 
f'hc diagr~m below represents a method of D A manipulation. 

double-stranded 
DNA 

denaturing 
stage 

94-95 ·c 

primer -
annealing 

stage 
50-56 ·c 

extending 
stage 
72 ·c 

Source: Gen0111e fuseon·h Limited, i11 } '011r Geno111t, JJ11J?V:)OllfJ!,fll0111e.01J?, 

The method represented is 

A gel electrophoresis. 

B DNA transformation. 

C bacterial transfoanation. 

D polymerase chain reaction. 

Use the fallo11i11g i11frm11alio11 to at1.r11•er QHestio11s 107 a11rl 108. 

Four samples of D A were loaded into four different wells in lanes \Vl, X, Y and Z. 
A standard ladder was loaded into d1e well in lane S. The results of gel 
electrophoresis arc shown below. 

length of DNA S W X Y Z 
base pairs c:::::J c:::::J c:::::J c:::::J c:::::i - - loading wells 

(bp) 

500 

350 

200 

50 



- - ----- . --···- - .... " 

107 [VCAA 2018 A Q30] 
Which lane repre ems a sample that was loaued with D 
different lengths: 100 bp, 150 bp. 200 bp and 300 bp? 

fragments of four 

A X B X 
C y D Z 

108 [VCAA 2018 SA Q31) 
Which lane contains the band that is closest to the negative electrode? 

A W B X 
C Y D Z 

109 [VCAA 2014 SA Q25] 
Plasmids of bacteria are used to transfer selected genes from one species to another. 
The process can be represented as follows. 

I Bacterial plasmid cut -+ foreign gene and plasmid mixed -+ plasmid with inserted foreign gene 

Enzymes are used to facilitate several of these steps. 
\X'hich one of the following shows the enzymes required for the ftrst and last seeps of 
the process? 

A 

B 
C 

D 

Cuts plasmid 

restriction enzyme 

restriction enzyme 

DNA ligase 

DNA polymerase 

Inserts genes 

DNA ligase 

D A polymerase 

DNA polymerase 

DNA ligase 

Use the follo11i11g i1,far111t1lio11 to t111S111erQ11estio11s 110-112. 
A bacterial plasmid was modified by inserting a gene for an enzyme that provides 
resistance to the antibiotic ampicillin. A nutrient solution containing cells of the 
bacterium Esthe,ichia coli was obtained. E. roli is narurally sensitive to the antibiotic 
ampicillin. The solution was divided into two equal volumes. The bacteria in one half 
of rhe solution were left untreated. Plasmids were added to the other half of the 
solution and the bacteria were treated to increase their chance of taking up the 
plasmids. 

The next day, the bacterial cells were spread on agar plates as follows: 

• Plate I - Untreated bacterial cells on nutrient agar 

• Plate 2 - Untreated bacterial cells on nutrient agar with ampicillin 
• Plate 3 - Treated bacterial cells on nutrient agar with ampicillin 

• Plate 4 - Treated bacterial cells on nutrient agar 
The plates were incubated overnight. 

110 [VCAA 2020 SA Q30] 
In order to collect only bacterial cells that had rnken up the plasmid successfully, a 
sample should be taken from 
A Plate I. B Plate 2. 

C Plate 3. D Plate 4. 

vvn n d nd pro In 

Ill[ 2020 Q JJ 
I he pro ·css in which th<.: bnucri:1I ·ell takes up ,he plasmid is called 

tran~lauon. 

A transcription. 
1 ranslocation. 

D transformation. 

112 [VCAA 2020 SA Q32) 
Target D A is to be inserted into a plasmid. 
I ·or a recombinant plasmid to be produced. 

A the plasm.id sections and the target D A must have blunt ends. 

13 the target D A must come from the same species as the bacteria. 

C 1.he plasm.id and the target DNA must be cut by a polymerase. 

2 

D D A ligase is used to re-join the sugar-phosphate sections of the plasmid and 
the target D A. 

Use the fo/!01lli11g i1,fa1711atio11 to af/SIJ'er Quesh·om 113-1 lJ 

Tn clone a gene of interest, the following four steps arc performed: 

I plasmid is cur with a specific restriction enzyme. 

2 The gene of interest is ligated into the plasmid. 

3 Plasmids are transferred to bacteria. 
4 Bacteria are grown on four nutrient agar plates 0abelled \Y./, X, Y and Z) that are 

coated with or without ampicillin and arabinose. 

An example of a plasmid used in cloning is shown below. 

restriction site 

This plasmid contains a restriction site and the fol.lowing three genes: 
ampR - confers resistance to the antibacterial agent ampicillin 
gfp - encodes the green fluorescem protein (GFP), which fluoresces under V 
light 
ru:aC - encodes a protein required to promote the expression of gfp when 
arabinose is present. 



The results Crom :1 ba tcrml transConn:11ion cxpcri111 111 nr how11 111 1lu tahk Ii •low. -~ -Plate w y z 
untransformed untransformed lr:msfonncd 1 runsronned 
bacteria onlv bacteria on.Iv bacteria bacteri11 

Diagram of 

~ 0 @ (!}) plate 

0 
0 

Added to nutrient agar nutrient agar nutrient agar, nutrient agar 
plate only and ampicilli.n ampicilli.n and and ampicilli.n 

arabinose 
Description L'lwn of no growth bacteria.I bacteria.I 
of result bacteria colonies colonies 

present present 

113 [VCAA 2015 SA Q25) 
Bacteria are used in gene cloning because they 

A contain restriction enzymes that randomly cut chromosomes into fragments of 
VaI);.ng size. 

B can replicate non-bacteria.I seguences of D A in a short time. 

C replicate expooentia.lly by undergoing mitotic divisions. 

D a.llow the entry of foreign D A into their nuclei. 

114 [VCAA 2015 SA Q26] 
Which plate would contain bacteria that fluoresce under UV light? 

A plate\Yl 

B plateX 

C plate Y 

D plate Z 

115 [VCAA 2015 SA Q27) 
\Vhich one of the following statements is an accurate description for the purpose of 
plate W or X? 

A Plate W shows that the plasmid was cut with a restriction enzyme. 

B Plate W shows that the percentage of transformed bacteria was high. 

C Plate X shows that the nutrient agar promoted the growth of ,'iable bacteria. 

D Plate X shows that ampici.llin was effective in killing the untransformed bacteria. 

I Jr~ thrjol/011'i1111, 11,j11111Mli1111 /r1 ,1111»rrQ11ntw1.r I 16 1 /8. 

U 11 tctin ·1111 b rrnnsformc<l ~ it h un nrtificinl 111sulm gene and cultured ro make 
1llM11lrn in commcr tal LJunn uuc~. The steps taken to produce genetica.lly engineered 
111~uli11 arc summarised below. The order oC the steps has been mixed up. 

116 [VCAA 2013 SA Q34] 
The correct seguence of steps when producing the insulin is 

A V,P,T,S,U, R,Q. 
B V, T, P, U, S, Q, R. 
C R,Q, V, T, P, U,S. 
D R, V, Q, T, P,S, U. 

117 [VCAA 2013 SA Q35] 

in 
111gene 

The tool used for joining the artificial gene to plasmid D A at step T is 

A a primer. 

B D NA ligase. 

C D A polymerase. 

D gel electrophoresis. 

118 [VCAA 2013 SA Q36) 
The artificial insulin gene mair have a different nucleotide sequence from the human 
insulin gene. 111.i.s is because the D A code is 

A redundant. 

B wliversal. 

C mutated by heat shock. 

D contaminated by bacterial D A. 

119 [VCAA 2013 SA Q28) 
During a fight between a number of people, one was seriously injured. Blood 
samples were taken from the victim, the crime scene and four suspects. D A was 
extracted from white blood ceUs in each of the blood san1ples and electrophoresis of 

the samples was carried out. 

The results are shown in the diagram on the following page. 



YIC1lm 

tllfl 

11111 - - - - -

The person most likely to have been at the crime scene is suspect 
A 1. 

B 2. 
C 3. 
D 4. 

120 [VCAA 2019 SA Q36] 
Certain yeast (Saccharonarces rerevisiae) can be modified and made to express a human 
gene, resulting in the production of insulin. 

S. ce}'{Jvisiae can most accurately be described as a 

A transgenic organism. 

B yeast-human hybrid. 

C genetically mutated organism. 

D laboratory-produced organism. 

121 
What is the best explanation for the successful development of transgenic species? 

A Artificial pollination works across the plant kingdom. 

B N uclear transplantation from cell to cell is easily achieved. 

C DNA in the biosphere is composed of the same chemical components. 

D Genes from different animals within the one species are easily combined. 

Use the fol/01ii1,g i11fim11atio11 to a11s1J'er Q11estio11s 122 and 121. 

Rice (001za saliva) is a staple food for billions of people worldwide, particularly in 
Asia. Although rice supplies energy, it is low in micronutrients, such as iron and zinc. 
Australian scientists created a strain of biofortificd rice that has been trialled in the 
Philippines and has been recently introduced to Bangladesh. 
The table below compares the iron and zinc content of normal white rice to tl1at of 
biofortified rice in parts per million (ppm). 

Iron (ppm) Zinc (ppm) 
I Normal white rice 2-5 16 

I Biofortified rice 15 46 

The biofortified rice was created when two particular genes ,vere inserted into 
normal rice. The biofortified rice plants responded as if they were iron deficient by 
permanently 'switching on' another gene ro take up iron and zinc from the soil. 

I h-111II 111 1hl 1w11 Ill r1wd ~ 111 llll' iv ·n ill liw l11bl1• bdnw 
Prut ·1 11 fun ·tlo11 ·ourcc of gene 

111 t 111c011,111:m1111c .1~sis1s iron uptake by nee plan1s 

nihasc tDsN ~S~2:2_) ___ ~n:_:>C:_:l:_:IS:_:<~Jf~ri~ce~· .!_'.P::_:la'..'..n'..'..t:s ___ +-~--:=-;-::=-::::------1 
N1tyhtcan fcrriun binds and stores large soybean planes 

(Sf ·r 111 ) nmounts of iron 

122 [VCAA 2020 SA Q36] . 
II 1s most likely Lhat tl1e main aim of this research and technology is to 

I d I f. human disease. A use knowledge from tl1e researc 1 to eve op treatments or ·. 
13 enhance the flavour of rice to encourage greater rice consurnpoon. 

C increase the yield of rice crops to provide more food supplies. 

D improve the nutrition of malnourished people. 

123 [VCAA 2020 SA Q3.7] . . . c _L: . of biofortified rice? 
\Xfhicb one of the followmg 1s the best descnpnon w r uus stralD 

A genetically screened 

B genetically modified and transgenic 

C genetically transformed by gene silencing 

D genetically engineered by adding iron and zinc 

Short-answer questions 

124 [VCAA 2020 SB Q2] 
d f . . d I a·des Each nucleotide RNA molecules consist of long scran s o 1010e nuc eo · 

consists of three sub-units. 
a Label the three sub-units on the diagram of the RNA nucleotide below. 

[1 mark] 

b b d .b. th 1 • ell of the two types of 
Complete the table below y escn mg e roe m a c ks] 
RNA Ii d l2 mar. Ste 

Type of Role in a cell 
RNA 

tRNA 

mRNA 
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C Outline two events that occur during RNA processing and the importance of 
each event in gene expression. (4 marks] 

[f otal 7 marks] 

125 [VCAA 2019 SB Ql] 
Diagrams of two molecules that are required for the producrion of proteins within a 
cell are shown below. 

Molecule I i\lolttule 2 

• • • • •. . . .. 
~ 

l=~ 
t~ 
~ ,.!_ 
•• •• • • • • •. .. .. 
~ 
~ ~ 
\. .; 
~ 
,.!_ 

•• •• • • 
Due to copyright restrictions, this image has been replaced \\ith an equivalent likeness. To view the original 

image, please vis.ir the , 'CAA u·ebs.ite. 

a Complete the table below to describe two differences between the monomers 
of the two molecules. [2 marks] 

Molecule 1 Molecule 2 

Difference 1 

Difference 2 

b Ten amino acids d1at form part of a protein are shown below. 

-phe-val-asn-gln-his-leu-cys-gly-ser-his-

The section of an RNA molecule found in the nucleus of the cell associated 
with the translation of these 10 amino acids was found to contain over 300 
monomers. 

Explain how there can be over 300 monomers in this section of the RNA 
molecule bur onlr 10 amino acids translated. [2 marks] 

[Total 4 marks] 

126 [VCAA 2012 El SB Q3] 
Human insulin is a macromolecule composed of two amino acid chains. The chains 
are connected by disulfide bonds. 

a To what group of macromolecules does insulin belong? fl mark] 

wn t I tn ro1 IP 

l11sulin found in mh •r ammals vrtncs from human insuLi.n. The following table 
compares nil the differences seen in the primary strucrure of human, cow, pig and 
~hci::r insulin. 

Amino acid position number within 

Alpha chain Beta cha.in 

-8 - 9 - 10- -30-

human -ilire - ser - ile- thr 

cow -ala - ser - val- ala 

pig -thre - ser - ile- ala 

sheep -ala - gly - val- ala 

b What is meant by the term 'primary structure' of the insulin macromolecule? 

(I mark] 

1 lumans wiili diabetes take insulin injections to maintain their health. 

c If supplies of human insuLin were not available, which one of me oilier three 
animals listed in me table would be the best source of insulin? Explain your 
reason for choosing this particular animal. [2 marks] 

·n1e table below contains the genetic code for protein production. 

d 

seaioo1etter 

( A X G T X C J_ 

~] pile AGA] 
ATA J lyf ACA J cys A 

A AGG ser ATG ACG G 

AAT J leU AGT ATT J Slop ACT Slop T 
AAC AGC ATC Slop ACC lrp C 

~]~ ffi] GTAJ ~]~ 
A 

G GTG hlS G 
GAT 

pm 
GTTJ T 

GAC GTC 
gin 

C 
Fr.;tletter lhln:I leUer 

™] TGA] 
TTA J TCA J ser A 

TAG Ile TGG TTG 
asn 

TCG G T 
TAT TGT 1hr 

~] TCT J T 
TAC me! TGC 

lys 
TCC 

.vg 
C 

Start 
;,-<; 

~]~ ~] ~ CTAJ asp 
~] gfy 

A 

C 
CTG G 

CAT ~] glu CCT T 
CAC CGC CCC C 

- -
Use me information iJ1 d1e table to explain 

the different sequence of nucleotides in humans and cows wid1 respect to the 
D A coding for the amino acid at position 30. 11 mark] 

ii whether d1e sequence of nucleotides in D J\ coding for the amino acid at 
position 30 will be identical in cows, rigs and sheep. II mark! 

lTocal 6 marks] 

127 [VCAA 2015 SB Q7] 
Glucocorticoid (GQ is a hormone in rats mat binds to a receptor, as shown in the 
diagram below. The glucocorti.coid-receptor complex (GC R-complex) moves into 
the nucleus and attaches to the D A, causing transcription to begin. 



GCR-oorr4)1ex 

G signal tran duction in rat pituha g land ell 

GChormone 

• 

The location where the GCR-complex attaches to the D A is called the 
glucocorticoid response element (GRE) . The GRE is located approximately 250 
base-pairs upstream of the growth hormone (GH) gene. Following the attachment of 
the GCR-complex to the GRE, an enzyme catalyses the transcription of the gene. 

a Name the enzyme that catalyses transcription. [l mark] 

b ame the transcription product, molecule S, and describe the processing that 
molecule S undergoes before it exits the nucleus. [3 marks] 

c Io the rat pituitary gland, GC stimulates the production of the growth 
hormone protein. However, in the rat liver, GC stimulates the production of 
the enzyme tryptophan o:s.·ygenase. 

Given that the generic sequence is identical in all somatic rat cells, explain how 
the production of distinct proteins in different cell types could occur. 

[2 marks] 
d If a human gene is inserted into the D of rat pituitary gland cells, these 

genetically engineered cells can be used to produce human growth hormone. 

\1(1hat characteristic of the genetic code enables a human protein, such as 
hwnan growth hormone, to be made by rat cells? [1 mark] 

[Total 7 marks] 

128 [VCAA 2010 El SB Q6] 
a Lst the three components of a D ,\ nucleotide. [ l mark] 
In Tay Sachs disease (fSD), the enzyme that breaks down glycolipid is faulty due to a 
genetic mutation. Examine the following two tables. 

Table 1 - Portion ef the genetic code 

Second Jetter 
First 

A G T C 
Third 

letter letter 
A phe ser tyr cys A 
G leu pro his are: A 
C val ala glu gly T 

I 11/ilr 1- /lm1in11 11/ /)i I 1rq11r1111 r 

Normal 
Individual 

TSD 
Individual 

nu I oticle 
quence 

TIGC AAA--

--CIT GTA AAA--

Amino acid 
equence 

glu - arg - phe 

I Ill ,unino acid sequence shown in Table 1 for a normal individual, forms part of 

tliv cnz>mc hexosam.inidase A (Hex A). 
h \X hat is the amino acid sequence for the TSD individual in Table 2? Us~ the 

information in Table 1 to explain how changing one ammo acid 111 a 
polypeptide may adversely affect the function of a protein of which the amino 

<l
. · t (l + 2 = 3 marks] 

ac1 1s par. 
[Total 4 marks] 

129 [VCAA 2016 SB Q6) _ 
rtw hormone insulin is a relatively small protein. Researchers srudymg the 
production of insulin in the cells of the pancreas noted that ?ne of the early steps 10 

1his process was the fom1arion of a polypepade called prepromsulin. 

Researchers noted that the formation of th.is polypeptide required repeated use of 
differenr types of Molecule X, shown in rhe diagram that follows . 

a i 

11 

b 

Molecule X 

ant,codon 

\X'hat is the name of Molecule X? 11 mark] 
How does Molecule X play a role in the production of preproinsulin" [3 marks] 
TI

1
e coding information in the D A molecule for preproinsulin is initially 

transferred to another molecule (Molecule \X') . However, l\Jolecule \Y/ has a 
different nucleotide sequence from the coding section of the D A molecule. 

Describe how Molecule \VJ is synthesised. (3 marks] 
!Total 7 marks] 

130 [VCAA 2012 E2 SB Ql) _ _ ,_ 
r n Australia, Alzheimer's disease is the most common form of demenaa. _Alzheuner s 
disease is associated with the development of a toicic protein in _ the bram known a 
amyloi<l beta-protein. The amyloid beta-protein builds up to torm _Plaques Ill the 
brain. This causes symptoms such as memory loss. The synthesis ot amylo1d beta-

protein occurs in two srages. 
a ame the two stages of protein synthesis. 

(l mark] 



b Descrih the 1rn11n st •ps of tht· fir·s t Mage of syn th •NI of u111l111tl 11 11 prot ·w. 
J3 nmrks] 

C Consider the diagrams of the following six structures. 
M J R 

0 

® ~ 
L K s 

' + ,.p,GA 

~~ 
Choose three of the structures shown above that are involved in the second stage 
of protein synthesis. 
Explain the role of each in producing amyloid beta-protein. 

Letter representing Role of structure in second stage of 
structure chosen amyloid beta-protein synthesis 

[3 marks] 
[Total 7 marks] 

131 [VCAA 2014 SB Q7] 
Scientists studying the nucleus of the fruit fly Drosophila 111elanogasler observed distinct 
types of nucleic acid chains. 

These scientists noticed that one type of nucleic acid chain was able co pass through 
the nucleax membrane and move co a ribosome. After the nucleic acid chain attaches 
to the ribosome, a polymer is produced. 

a Describe the steps occurring at the ribosome that resulted in the production of 
the polymer. [3 marks] 

b One particular length of nucleic acid chain passed thmugh the nucleax 
membrane and coded for the production of a polymer thar was 90 monomers 
long. 

How many nucleotide bases on the nucleic acid chain were involved Ln the 
coding for this polymer? Explain your response. [2 marks] 

[Total 5 maxks] 

IJ2 [V 201 u 6J 
Th diagrnm below outlln ·s vax101.1s evcms th:u o cur in dis when DNA IS 

., tivatcc.l. 

'! 7 Stage 1 
p events Inside 

thenucteus 

i LQ 

_->:==~/k-
Jr i E-[ Stage2 -~ the nucleus 

a i Outline events that occur during action X. [2 marks] 
ii ote that structure P consists of two different kinds of components. What axe 

these two components call.ed and what happens to each component? 

[2 maxks] 
b D escribe the events occurring in stage 2, including the role of each of the 

structures S, F, E and G. [4 marks] 
[Total 8 marks] 

133 [VCAA 2011 E2 SB Q1] 
Consider the following diagram of a cell The parts of the diagram are not drawn to 
scale. 

a 
b 
C 

d 

In which structure would RNA polymerase be found? [1 mark] 
Describe the function ofRt"lA polymerase. f2 marks] 
Strand H is shorter than strand G. D escribe the process that results in this 
shortening, using appropriate names for both strands. l2 marks·! 
Name strand H and structures P and M. Explain how each contributes to 
protein synthesis. (3 marks] 

[Total 8 marks] 
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134 [VCAA 2010 E2 SB Q2] 

The follm.ving diagram outlines processes that occur in living cells. 

X 

~ 

/. \ ·y l----
~ 

start 

/1 
nuclear 

membrane 

a i l ame the process represented at X 

0 

0 

y 

ii Describe the sequence of events that occur during the process at X. [3 marks] 

b i Name the process represented at Y . fl mark) 

[1 mark) 

ii Describe the sequence of events that occur during the process at Y. 

[3 marks] 

lTotal 8 marks] 
135 (Adapted VCAA 2018 SB Q6] 

a Describe the functional difference bet1.veen a strucniral gene and a regulatory 
gene. [2 marks) 

The Hox genes are master regulatory genes that influence cells in a particular location 
of an animal embryo in order to develop structures for that part of the body. In the 
brine shrimp, Artelllia, the expression of the Hox genes Ubx and Ser results in the 
growth of either a swimming appendage or a feeding appendage, depending on 
whether the genes are expressed i.n cells that are in the mid-region of the body or that 
are near the mouth. These specialised appendages are labelled in the diagram below. 

b 

feeding 
appendages 

position of ____ _. 
mouth 

Adult brine shrimp (Artemfa) 

swimming -=======----~ 
appendages 

Describe one way that genes are regulated so that the same genes can produce 
different appendages when the genes are expressed in different locations i.n the 
/-11te111ia embryo. [I mark] 

136 [VCAA 2016 SB QI] 
[Total 3 marks] 

lmmunoglobuli.ns, or antibody molecules, have an importam role in the immune 
system. They are made up of two heavy chains and two light chains. 

a l ame the molecula.t monomer of these chains. 
11 markl 

h 

C 

Wh t th nu I c Id nd prot In ? 37 

Pnrt of a 111 iusc l111111u1111glnhul1n molecule bound to an antigen is shown in th\ 
that follows. Two nrrows potnL to two tliffercnt types of secondary s tructures o 
the immunogl bulin molecule. 

,ive Lhe name of each structure in the boxes provided. [2 marks] 

Key 

■ part of one heavy chain 

part of one light chain 

Source: Thomas Splettstoeesser (www.scistyle.com) 

I buli molecules also display a tertiary strncture and a quaternary lmmunog o n [2 marksl 
srructure. 

[Total 5 marks] 

137 [VCAA 2018 SB Ql] 

Tryptase is an enzyme 1at is re ease , a n , ti · l d lo g •1.1ith histamine and other chemicals, 
from human mast cells. 

a 

b 

ucleic acids encode instructions for tl1e syntl1csis of l:r)l)tase in a mast eel.!. 

h th · frn t se (3 marks] Outline tl1e steps of translation i.n t e syn es1s o ~ 1V a • . . 

After being syntl1esised, trypcase is released from mast cells via exocyros1s. 

Complete tI,e table below by naming three different organelles directly 
associated with the transport of tl1e synthesised tryptase w1thrn or from m~st 
cells and state tl1e role of each organelle in this process. [3 marks] 

Organelle Role 

[Total 6 marks] 



138 [Adapt d CAA 2011 liJ 13 1J 
The following f.tgure represents a globular pro1c:in. 

' hydrophilic R group 

* hydrophobic R group 

This molecule is likely to be highly soluble in water. 
a Outline why such a conclusion can be made about this molecule. (2 marks] 

The following figure represents a portion of a plant cell. 

b Examine the figure above and complete the following table. 

Type of nucleic acid found in Specific function of the 
structure nucleic acid 

Structure 

N 

Structure 

Q 
(4 marks] 

['fo raJ 6 marks] 

139 [VCAA 2015 SB Ql] 

The diagrams on the following page represent examples of three levels of structure 
~ith respect to the folding and assembly of a protein. 'I11e diagrams are not to scale. 

A 

C 

D 

alpha-helix 

-Ob -0 ' ••• 
a polypeJXJde sequence 

Due to copyright restrictions, these images have been replaced cquivalem likenesses. To ,,iew the 
original images, please visi t the VCAA website. 

a i Complete the table below to indicate the diagram that represents the structural 
level of the protein given. [1 mark] 

Structure level of protein Diagram (A, B or C) 

primary 

secondary 

tertiary 

ii Name the molecular sub-unit of a protein. [1 mark] 

l11e particular shape achieved by the folding of a protein is of great significance. 
Proteins sometimes fold incorrectly to form groups of joined, identical polypeptide 
sequences called aggregates. Sufferers of Alzheimer's disease have aggregates of 
various sizes in their brain tissue. Aggregates of amyloid beta protein are present in 
their brain tissue. These patients experience memory loss and have large areas of 
dead neurons in their brains. 

Several hypotheses have been suggested as possible explanations for neuron death. 
One hypothesis is summarised below. 

Hypoiliesis: Aggregates of amyloid beta protein could cause deatl1 of neurons. 

Explanation: These aggregates have star-like shapes that pierce tile plasma 
membrane. 

b 

C 

Suggest, by referring to cellular function, how aggregates of amyloid beta 
proteins could result in death of neurons. [2 marks] 

ln healtl1y brain tissue, oilier proteins, called molecular chaperones, bind 
temporarily to a protein during its folding process to allm,1 the correct folding 
and assembly of the protein. Researchers are trying rational drug design to 

mimic tile action of molecular chaperones as a treatment for Alzheimer's 
disease. 

Describe one structural characteristic of the molecular chaperone proteins tl1at 
would need to be considered in order for tlus approach to provide a 
successful treatment. [1 ma.rk) 

d Enzymes are protein caraJysts. Use labelled diagrams to illustrate both enzyme 
denaturation and enzyme inhibition. Include both the enzyme and 
substrate in your diagrams. [3 marks) 

[Total 8 marks) 



140 [V 201 B 2] 
l\licroruhules ar hollow structures composed of a protein, tubulin, which has rwo 
forms: alpha-tubulin and beta-n1bulin. A tubulin dimer is formed when one alpha­
tubulin molecule and one bera-tubulin molecule join. Tubulin dimers polymerise into 
long chains to form protofilaments. A micron1bule ca.n be formed when 13 
protofilamems align side by side, as represented in the diagram below. 

a 

b 

C 

alpha-tubulin 

beta-tul>uhn 

With respect to the structure of a protofilament, explain what is meant by the 
term 'polymerise'. [1 mark] 

Consider an alph11-tubulin molecule. Explain the difference between its 
primary structure and secondll!)' structure. [2 marks] 

Describe what is meant by tertifl!)' and qu11tern3!)' protein strUctures. [2 marks) 

!Total 5 marks) 

141 [VCAA 2020 SB Q11] 
A student wanted to investigate the effect of two different endonucleases (restriction 
enzymes) on a linear D A fragment. 

The student used three rubes containing a buffered solution of linear D A 
fragments, each fragment being 9500 base pairs in length. Two different 
endonucleases were available: Barn HI and HindIII. 

The student followed the steps below. 

Step I - 2 µL of BamHI was added ro the sample in Tube 1. 

Seep 2- 2 µL of 1-lindlTT was added to the sample in Tube 2. 

Seep 3 - 2 µL of Hindll I and 2 µL of BamHl were added to the sample in Tube 3. 

Seep 4- All three rubes were incubated for one hour at a consram temperature of 37 °C. 

tep 5 - A I °'o agarose gel \Vas placed into an electrophoresis chamber and the gel was 
covered with buffer solution. 

Srep 6 - 40 µL of a D A ladder \\'ith fragments of kno\\'n sizes wru; added ro the fast well of 
the I 0 ·o agarose gel. The known sizes of the fragments were 10 000 bp, 8000 bp, 6000 bp, 
5000 bp, -WOO bp, 3000 bp, 2000 bp, 1500 bp, I 000 bp, 500 bp and 250 bp. 

Step 7 - 40 pL of the contents of each of the tubes was loaded into three separate wells of 
the IO o ag.irose gel. 

Step 8 - An electric current of 100 \I ,Yas run through the gel for 45 minutes. 

\f1u ,p; ml11u1 'N 1h 111d ·111 oh1.11nnl the ,,suit, shown below. 

a 

Tube I Tube 2 l\1be 
D BamHI Hindlll 

Source. resulli based on I kb DNA ladder from 
TEqwpment, <www teqwpment.net> 

d!rection of 1110,·ement 
of D A fragments 

Analyse the results of the experiment performed by the student. [5 marks] 

The student repeated the experiment the next day and obtained the following 
results. 

DA 
ladder 

Tube l Tube 2 Tube 3 
BamJil Hindlll Barn.HI 

Hind.III 

direction of moYement 
of DNA fragments 



b 

C 

Identify one difference between the new results and t hr pn vl1111R r •sults, and 
suggest a possible reason for this difference. [2 marks[ 

State two factors that will have an impact oo the rate of m vement of the 
D A fragments through the agarose gel. [2 marks] 

d Outline two safety guidelines that should have been followed by the student. 

[2 marks] 
[Total 11 marks] 

142 [VCAA 2019 SB QS] 
The Genomics Health Futures Mission will run a $32 million trial, starting in 2019, to 

screen over LO 000 couples who are in early pregnancy or who are planning to have a 
baby. Using a blood test, individuals will be screened for 500 severe or deadly 
recessive gene mutations. 
Couples will be told they have a genetic mutation if both individuals in the couple 
carry the same mutation. The trial may lead to a population-wide carrier screening 
program. The researchers will evaluate cost effectiveness, psychological impact, 
ethics and barriers to screening. It is anticipated that future tes ts will be free of 
charge. 
a Give an example of a disorder or disease that can be detected by genetic 

screerung. [1 mark] 
b 111e blood sample from an individual will provide researchers with only a 

small amount of DNA. Polymerase chain reaction (PCR) will be used to 
amplify the DNA. 

C 

d 

Describe what happens in each of the three stages of PCR. The stages must be 
given in the order in which they occur. [3 marks] 

Stage What is happening at this s tage 
1 

2 

3 

Once the DNA has been amplified, it can be loaded into a well of an agarose 
gel. Discuss three factors that affect the migration of D A fragments through 
the agarose gel during gel electrophoresis. [3 marks] 
The test may find that a couple who were planning to have a baby or who 
were already pregnant both carry the same severe or deadly mutation. 
Describe one ethical and one social issue/implication that could arise from 
this finding. [2 marks] 

[Total 9 marks] 

143 [VCAA 2004 SB Q7] 
Sickle cell anaemia is a serious inherited blood condition. It leads to tiredness and 
kidner or heart failure and without treatment children usually die before the age of 
10. Sickl.e cell anaemia is due to a change in the gene which codes for beta 
haemoglobin. There are two alleles for the beta haemoglobin gene; HbA coding for 
normal beta haemoglobin and HbS coding for the changed haemoglobin. An 
individual with two copies of the HbS allele will. develop symptoms of sickle cell 
anaerrua. 

11 I now po Rthl 10 gui ri ·,tlly I \I p ·opl 111 s,· ll thl'} rnrrr th• I iliS 11!1 •I •. This 
,,. 1 mcN P 'R, th · r ·s tric.11011 cn1.y111 • Al.rill 1111 I g ·I cl · irnphorcsis. 
\1111/ ts ;1 restriction enzyme 1ha1 1 • ogniscs the 7 ba~e sequence in DNA, 

C C T G A G G 

G G A C T C C 
nnd uts it between the C and the T to produce 

C 

~~ ~ ; G 

G C 

\Xi'hat term is used to describe the ends of the fragments produced by Mstill 
(1 mark] 

Molecular studies have shown that the sickle cell allele differs by 0111)' one base pair 
from the normal allele. This base change occurs in a 7-base sequence that is 
recognised by the restriction enzyme Mstll. This is the only Mstll site found within 
the region of the gene that is used in the genetic test. 

/ MstII recognition sequence 

llbA C C T G A G 

(nom1al allele) G G A C T C 

SO-base pair region 174-base pair region 

I HbS mutation 

HbA C C T G G 

(normal allele) G G A C C 

230-base pair region 
The PCR products 
electrophoresis. 

are digested using Mstll. The resulting fragments undergo gel 

b How is the action of the i\,JstIT enzyme affected by the HbS mutation? 

C 

[1 mark] 
Mark on the picture of the gel on the following page, the banding patterns you 
could expect co see for someone who has each of the following genotypes. 
HbA/HbS [1 markJ 

ii HbS/HbS [1 mark] 
I (HbA/HbS) ii (HbS/HbS) 

c=J c=J ._ - loading wells 

+ 
[Total 4 marks] 

• 



144 

Jn 2020, Emmanuelle Charpentier an I Jennifer I oudna wcr • a\vnrdcd the oh •I 
Prize in Chemiso:y for their work on developing the Rl PR Cas 9 gt•uome editing 
technique. 

a CRJSPR-Cas 9 is found naturally in bacteria. \Vhat is its role io bacteria?[! markJ 
b \Xlhat is the role of the following key components of CRJ PR-Cas 9 RNA guide? 

(i) RNA guide 

(ii) Cas 9 endonuclease /2 marks] 
c D esci:ibe two ways CRlSPR-Cas 9 can be used to edit genes. (2 marks] 
cl \xrhat are the ad,-ancages of CRJSPR-Cas 9 over other gene editing techniques. 

[2 marks] 

145 [VCAA 2007 SB Q2] 
[Total 7 marks] 

Victoria Police forensic scientists conduct DNA profiling using samples taken from 
crime scenes. Traces of D A of less than 1 nanogram can be amplified and then 
profiled. 
a ame the process which is used to amplify the D A. 

Below is a diagram showing part of this process. 
(1 mark] 

stage 1 

stage 2 ~ 

b What must be done between stages I and 2 to separate 
DNA molecule? 

the strands of the 
[I mark] 

C Complete and label the diagram at stage 2. 
[2 marks] 

Small pieces of D of differing length can be compared to determine whelher or 
not a sample could have come from a particular person. In a case, san1ples of DNA 
from the ,,ictim and the crime scene were compared with samples from two suspects. 

The Di A samples were treared with resn·iction enzymes, amplified and run through 
gel electrophoresis. The results for one gene locus are shown the diagram below. 

v1d1m suspect 1 sample 
from scene 

suspect 2 standards 
of one gene locus 

D 

A 

E 

C 

F 

B 

+ 

I r,tw ,1n llll'O\\ rill lltl 11ph1 h,111d idt· of tlw dta~r,1m 10 ndica1 · the dtrl't:11011 
ol movcm •nt of th I NA f"i.1~111 111 • 11 mnrkj 
\X h,tt di th • standardR 011~1s1 of, and what is their purpose? 12 marks! 
I mm 1hcsc results, give a concluston which could be drawn about the sample 
1.1kcn from Lhe crime scene. [1 mark] 
\X,'h;u funher act.ion would you recommend to Lhe forensic scientists 
investigating th.is case? [I mark] 

[Total 9 marks] 

1111 IV AA 2012 E2 SB Q3] . 
11 lll"tlc information in humans can be obtained by D A profiling. ln D A 

prultltng, t.he polymerase chain reaction is used by a scientisL to amplify a particular 
i.1ul.'nce ofD 

1 Briefly describe the steps of this technique. [4 marks] 

1 tl·nti~ts investigating the performance of athletes found that one gene contributing 
lo the performance of sprinters is the CTN3 gene. 'D1ere are two alleles of the 
j,\l'IH.:, the 577R allele and the 577X allele. The 577X allele codes for a very short 
pt, 11c111 fragment in muscle fibres due to a stop codon mucaoon. 

I hl table that follows summarises the athletic potential. for the three possible 
)ll'll<Hypes for the ACTN3 gene. 

ACTN3 Athletic potential 
genotype 
577R/577R outstanding sprinter 
577R/577X good sprinter or long-

distance runner 
577X/577X very good long-distance 

runner 

,\ scientist tested sprinters to see if they possessed the 577R allele. Samples were 
obtained from athletes' muscle fibres. A standard containing proteins of the same 
lengths as the proteins coded for by both alleles 577X and 577R was used . as a 
compai:ison. The standard and the samples were expo_sed to gel electrophoresis. ln 
gel electrophoresis, protein molecules separate according to s12e and charge 111 the 
same way as D A molecules. 

The result for the standard is shown below. 

b 

-
-

good 
spmlef 

- well 

On the diagram of the gel abO\·e, draw the b:rnds expected for an outstanding 
sprinter and for a good sprinter. Explain why you have placed the bands in 
these posit.ions. 13 marks] 

[Total 7 marks] 



147 [VCAA 2010 E2 B QS] 

DNA includes sections that are called short tandem repeats (S' I ll) .. Mut~Lions in 

STRs occur, on average, every 500 generations. Different numbers of these repeats 
have no obvious effect on the individual. 
a What is the likely reason for this? (1 mark] 
A young man, Ben, wants to find out more about his genetic ancestry. He sends a 
sample of cells, obtained from a swab of his mouth, to a laboratory. On receipt of 
the sample, the laboratory treats the cells to release the D A to enable identification 
of STR markers. 

b ame the process used to produce many copies of the STR markers. [1 mark] 

Each of the STR markers produced is labelled with a dye and subjected to gel 
electrophoresis. Five of Bea's STR markers were compared with three family groups 
who have the same surname as him. The following gels resulted. 

Ben famllyX famllyY family Z 

c Explain which family is Ben's most recent common ancestor. f2 marks] 

[Total 4 marks] 

148 [VCAA 2008 SB Q6] 

RFLP (Restriction Fragment Length Polymorphism) analysis is commonly used to 

determine genetic variation between individuals. This procedure is summarised 
below. 

ONA extradod from 

tndlYldual, lnd1Yklua12 

&~ 
\ cu1w1th / 
restrlcbon enzyme 

gel 
electrophores,s 

gel soaked ,n alkaline solution 
and DNA transferred from g~ 

to special membrane 

l 
L - ONA fragments 

stage X 

special 
membrane au1orad10graphy 

fragments 
~-~ made single 

stranded and 
hybridised 

With 

slageY 

a radioactive 
labelled 

RNA probe 

---+ 

stage Z 

] n this procedure, scientists select a particular restriction enzyme from an avaiJable 
range. 
a Explain the reason for their choice. (1 mark] 

llln lrnphort•Ris ust~ •kt lilt .1 1 c 1111 111 to Nori DN,\ lt.lH!lll:tll~. 

I, I ~·s1 nbe one hurnttut 111 of 1111 Kort1ng pro ess. 11 mark] 
ll fo.xpl11i11 why du: I N,\ o c.:ach mdivtduul pr<>uuces a different pattern of 

frngmcnts after ge l clcc1mphorcsis, even when 1hc sa me restriction enzyme is 
used . (1 mark] 

I· .1111111 • stages Y and Z. 
Describe, at the molecular level, what is meam by the term 'hybridised'. Why is 
11 necessary to carry out hybridisation? [2 marks] 

[Total 5 marks] 

149 jVCAA 2017 SB Q9] 
Srn:ntists use recombinant bacterial plasmids as vectors to transform bacteria for a 
r,111gt· of purposes in research and biotechnology. 

11 What is meant by che term 'vector' in the context given? (1 mark] 

1\ part.icuJar bacterial plasmid contains recognition sites for the restriction enzymes 
I :.,oRJ, HindIII and BamHI, along with two antibiotic-resisram genes, arnpic.illin 
1cs1stance (amp) and tetracycline resistance (tel), and an origin of replication (ORI) . 

l'he diagram below shows the positions of these recognition sites and antibiotic­
tl•s istant genes as well as the position of the origin of replication within this plasmid. 

E:coRJ 
Hmdlll 

F j DamHl 

~ 

( )ne purpose of using recombinant bacterial plasmids is to produce bacteria capable 
of synthesising human protein. 

b The restriction enzyme BamHI was used to help insert a gene coding for a 
human protein into chis plasmid. 

Describe how restriction enzymes such as BamHI are used to help insert a 
gene coding for a human protein into this plasmid. [2 marks] 

ii Draw and label a diagram in the space below to show the position of the 
human gene in this plasmid when BamHI is used. Include the position of the 
recognition sites for the restriction enzvmes EcoRI, HindIII and Bam.HI on 
the plasm.id. · fl mark) 

c After the scientists had carried out the steps required to make plasmids with 
the inserted human gene, these plasmids were mixed ·with a culture of bacteria. 
This mixture was treated so that these plasmids would move into rhc bacterial 
ceUs. Not all bacteria took up these plasmids. 

Explain how scientists use antibiotics to identify which of the bacterial ceUs 
have been successfully transformed with plasmids carrying the human gene. 

[3 marks] 
[Total 7 marks] 



150 [VCAA 2006 SB Q4] 
a Describe the appearance of a bacterial plasm.id. [I mark] 

A bacterial p lasmid was modified in the laboracory so that it contained a gene for an 
enzyn1e which provided resistance to the antibiotic tetracycline. 

Bacterial cells, which in dieir natural environment were sensitive to the antibiotic 
tetracycline, were mixed with die modified plasm.id . The bacterial cells were treated 
so drnt 1.hey could take up the plasmids. 

b What is die name of d1e process in which a bacterial cell takes up a plasmid 
and expresses die genes of d1e plasmid? [ 1 mark] 

The outcome of an experiment is shown below. 

A B C 
Bacterial cells only, spread Bacterial cells only, spread 
on agar on agar widi tetracycline 

Bacterial cells e)rposed to 
die plasm.id, spread on 
agar with tetracycline 

0 0 0 
With respect to the gro\\'1:h of bacteria, the results of p lates A and C are shown. On 
plate A diere is a continuous growili of bacteria over die surface of die agar. On 
plate C the colonies are distinguishable from each ocher. 

c i \Xlhat result would you expect on plate B with respect to the growth of ilie 
bacteria? [I mark] 

ii Explain your answer co c.i. [ 1 mark] 
d Explain why there is a difference in the way the bacteria have grown on plates 

A and C. (2 marks] 
[Total 6 marks] 

151 [VCAA 2018 SB QlO] 
Should we grow GM crops? 

by Mary Nguyen 
More man 25 )'ears after genetically modified (GM) food ftrst appeared, growing GM 
crops remains a hotly debated topic. Some people argue that G 1 crops are the only 
way to feed die growing world population and to minimise environmental haan. 
Otl1er people express different views. 

Be cotton is a type of cotton that contains two genes from a soil bacterium, Bacillus 
thmi11giensis, enabling it to produce insect-resistant proteins. Austral.ian farmers of Be 
cotton use only 15% of the quantity of die insecticide diat was once needed to 
protect their cotron cropsT. However, Bt cotton is not as resistant to me ma.in insect 
pest of cotton crops, Helicore,p,1, as it has been in the past". 

ln r\u.~tral.ia, Br cotton is picked by machine, but in 1ndia, it is picked by band. 
Workers in India have de,·eloped skin allergies, which have been attributed to Bt 
cotton proteins. 

Traditionally, farmers have sa,·ed money by keeping seed from one year's crop to 

plant the following year. However, it is illegal for farmers LO keep Br cotton seed 
because these seeds have been declared the legal property of tl1e company Monsanto. 
Every year, cotton farmers must buy more seeds from i\lonsanro. 

Unlike Monsanto, the company mac produces tl1c GM food crop Golden Rice allows 
farmers to replant die rice they har,-ested tl1e previous year. By inserting a gene from 
the bacteria f:.roinia 111rdo1·ora and a.namer from a daffodil, Narcissus pseudonmriss11s, 

iolO wh ile rice, SC: ll' lltiKI~ p1nd111 ·d ,olden R1t ,l rire va ril! ty cc,n1.a1ning higher 
ll vcls of \:Ltamin i\ . l'l•opl who l',11 ( ,olden Rice avOJ<l ,· iram111 A defi icncy. Trials 
111ndu eccl in severa l Wlllllm·s have shuwn that Golden Rice is safe to eat. 

h 

C 

Bt ouon and Golden Rice are genetically modified organisms but are tbey also 
transgenic organisms? Support your response with evidence from the article 
abm·e. (3 marks] 

I low can planting a Br cotton crop lead to an increase in crop }<ield? (1 mark] 

sing in formation from tl1e article, complete ilie table below by describing one 
social and one biological implication relevant co d1e use of Bt cotton and 
Golden Rice. The same inlplication should not be used twice. [4 marks] 

Social implications Biological implications 

Br cotton 

Golden Rice 

[Total 8 marks) 

152 

l lse an example of a named transgenic species co discuss me social and 
environmental impact of mis technology. [Total 5 marks] 
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