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Biotechnology

Answer ALL parts of the question.

4(a) Sickle cell anemia is an autosomal genetic disorder caused by a recessive mutation in the gene coding for a
polypeptide chain of haemoglobin. With this mutation, the seventh amino acid of the polypeptide is changed
to another amino acid. Part of the DNA sequence of the mutated allele is shown below:

(@

AGTCAGGGCA
TTCACTAGCA
AAGTCTGCCG
TGGTGAGGCC
AGACCAATAG
GATAGGCACT
TGCTGGTGGT
CTGTCCACTC
CAAGRAAGTG

primer 1

GAGCCATCTA
ACCTCAAACA
TTACTGCCCT
CTGGGCAGGT
AAACTGGGCA
GACTCTCTCT
CTACCCTTGG
CTGATGCTGT
CTCGGTGCCT

TTGCTTACAT
GACACCATGG
GTGGGGCAAG
TGGTATCAAG
TGTGGAGACA
GCCTATTGGT
ACCCAGAGGT
TATGGGCAAC
TTAGTGATGG

TTGCTTCTGA
TGCATCTGAC
GTGAACGTGG
GTTACAAGAC
GAGAAGACTC
CTATTTTCCC
TCTTTGAGTC
CCTAAGGTGA
CCTGGCTC

-

primer 2

down the genetic code in which the mutation has occurred.

(iD)

CACAACTGTG
TCCTGTGGAG
ATGAAGTTGG
AGGTTTAAGG
TTGGGTTTCT
ACCCTTAGGC
CTTTGGGGAT
AGGCTCATGG

number of bases
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The start of the polypeptide is encoded by genetic code ATG underlined in the above diagram. Write

(1 mark)

With reference to the above diagram, what is the expected size of the PCR product when primers 1

and 2 are used to amplify the mutated allele? Give the unit for the size of the PCR product.

(iii)

(2 marks)

It is known that the recognition site of restriction enzyme X is present in the normal allele but has

been destroyed in the mutated allele. A DNA sample was obtained from an individual who is a carrier
of sickle cell anemia for the following analysis:

DNA sample

b

y

PCR with primers 1 and 2

PCR products

gel electrophorcsisl

@

restriction enzyme X

l digest with

lgel electrophoresis

@

@ undigested
PCR produc

@ digested

ts

PCR products

L J L

band A
band B

band C

(iv)

(1)  Explain why three DNA bands were detected in the gel electrophoresis of digested PCR
products. (3 marks)
(2)  Which band(s) correspond(s) to the mutated allele? Explain your answer. (3 marks)

Based on a DNA sequencing project, the table below shows the frequencies of this mutation in two
human populations:

Population Number of people Number of mutations Hiwoce of poaple wino
are homozygotes

African 12 482 1121 4

East Asian 9961 0 0

From which population was the DNA sample in (iii) most likely taken from? (1 mark)

4(b) Bt comn is a transgenic crop which contains a Bf gene obtained from a certain bacterium. This Bt gene can
produce a protein which is toxic to certain insect pests.

®

(i)

Agrobacterium transformation is commonly used in the production of transgenic plants. State two
limitations of this method. 2 (2 marks)

The graphs below show the adoption rate of Bf corn and the use of pesticides in the farms of the
United States:
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(@)) Explain the relationship between the adoption rate of Br corn and the use of pesticides.
(3 marks)
2) State one advantage for farmers on adopting Bf corn! (1 mark)



(iii) A rapid decline in the population of a butterfly species M was noted after Bf corn was introduced to
the field. Br corn was blamed for the decline.

(1)  Inalaboratory study, caterpillars of M were divided into three groups, each fed with a different
type of leaves. The survival rates of the three groups of caterpillars are shown below:

Key:
- leaves without any pollen
D leaves covered with pollen from untransformed corn

2994 .
leaves covered with pollen from Bf corn

100
75
50

25

Survival rate of caterpillars (%)

2

Time (day)

Based on the results of this study, suggest a possible explanation for the decline of the
population of M. (2 marks)

(2) Later, large-scale field studies were conducted by placing caterpillars of M at different
distances away from the edge of Br corn fields and untransformed corn fields. It was discovered
that there was no significant difference in the survival rates of these caterpillars.

Scientists cast doubt on the validity of the laboratory findings in (1). Suggest fwo conditions
in the fields which may affect the validity of the laboratory findings. (2 marks)



Biotechnology
Technology in Modern biotechnology
2012sp(4)

4(a) In some people, a gene mutation resuits in a failure to produce a blood clotting protein and this leads
to the disease haemophilia. One way to treat this disease is by introducing an external source of the
clotting protein into these people’s bload. The clotting protein can be produced by recombinant DNA
technology. The flow chart below outlines the major steps of producing the recombinant DNA:

bacterial plasmid containing an the target gene that codes for the clotting
antibiotic-resistance gene is cut protein is cut from a human DNA by
by restriction enzyme E restriction enzyme E

plasmid forming a recombinant DNA

the target gene is inserted into the J

(1) [} What is a bacterial plasmid? (1 mark)

() Give nwo reasons why plasmids are commonly used as vectors in recombinant DNA
technology. (2 marks)

(i) In most cases, the restriction enzyme used (0 cut the target gene from the haman DNA should
be the same as that used for cutting the plasmid. Explain the importance of this in the
formation of the recombinant DNA. (2 marks)

(iii)  Outline how the clotting protein is produced on a large scale after obtaining the recombinant
DNA. (4 marks)

(iv)  Traditionaily, thc clotting protein is obtained by extraction from donated blood. Give two

advantages of using (he clotting proteins produced by recombinant DNA technology over that
obtained from the traditional source. (2 marks)
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2012pp(4b) 2012(4a)

4.(b) Polymerase chain reaction {PCR) 15 & technique in medern biotechnology, A cycle of FCR consists of

L . it gl . 4(za) Chemical X inhibits enzyme Y in photosynthesis and kills all plants. A scientist identified a muzant form
threc principal steps, which operate at 95°C, 55°C and 72°C in sequence. y

of enzyme Y that works properly in photosynihesis and is not inhibited by chemical X. He cloned the
gene encoding the mutent form of enzyme Y and put it into a plasmid so that the gene can be transterred

(1 Outline what happeas in the three principal steps @ acyele of PCR. (3 nuarks} into some cells of a crop specics.  Figure 4A below Is a diagrammatic representation of the process:
{1} ®uc applicauon »f PCR s Polvinerase Chain Reaction-Shont Tundem Repeat Analysis Figure 44

(PCR~STR analysis) which can be used i foremsics.  In 2t crime scene, a prece of hair suspected
10 be the criminal’s is found. A suspect is arrested one week latec

DNA fragment Plasmid
i } Gene encoding the mutant
(1 With refereace to the above case. state the significance of PCR m PCR-STR analysis. form of enzyme Y
(1 mark)
2 Describe how the products of PCR ate used n PCR-STR anuhywis o produce evidence Antbictic resistance gene
for verifving whether the suspect has commnitzed the crime (3 rnarks)
i) Anoiher applicanon of PCR s for wenutying (M organsms.  The thliowang shows the analvsis

of the DNA of 3 GA muaize and 4 non-GM matze:
[Note. The mumber above each peak in the fgure indicates the nutber of base paus (hp).]
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T . (i)  Describe swo steps taken to put the DNA fragment into the plasmid. (2 marks)
1me (s}
(ii)  The scicnaist then ransferred the plasmid into the cells of a crop plant using Agrobacierium. After
h A marker (3 polynucieotide chaini wuh 101 bp is intreduced w the maize n producing : the treatment, only some crop cells have incorporated with the DNA fragment.
the GM mwuuze,  With refercnee 10 the above analysis. suggest the purpose of
wtroducing 3 marker to the maize in the process of producing the GM matze. (1}  Explain why only some of the weated crop cells have incorporated with the DNA fragment.
{2 marks) (2 marks)
12) Hustrate with an cxampis how GM plants can help promote people’s health. 12 marks) (2)  How can the scientist identify those crop cells that camriad the DNA fragment? (3 marks)y
{3} What are the possible impacts on the ccosystem of growing GM plunts that produce g (ii{y  The scientist suggests that growing this genetically modified crop together with chemical X applied
wxm to kil iascets?  Deseribe two possible impacts. 12 marks) to the field can greatly increase the cropyield.  Explain the reasoning for this suggestion.
(4 macks)
a3 a6
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2013(4)

4(4)

In the pust, dinbetic pativnts were treatéd with insulin obtained from animal pancreases.  With sdvances in
recombinant DNA technology, insalin is now derived from genetically modificd (GM) bacieria,  Below
shows o possible scheme for developing such a GM b i

Step 2: Insers the aniplified Step 3: Screen and culture

Step 1: Isolate the hwnan gene into bacerial the GM Dacteria that
insulin gene and saplify it plasmids which arc then d i )
uee buman insulin,
by PCR. introduced into bacteria, Lk an fnsul
» J

Q) Give fwo raw materials which are necessery in Ntep 1 for the amplification of the bumen insulin
gene from a DNA template. (2 marks)

(i)  with rcference ta the immune response, explain why insulin from GM bacteria ic used instead of
that extracted from animal punereas, (4 marks)

(1ii)  Explain why producing insulin from GM bucweriz i< cheuper thsn extracting it from animal
pancreas, 2 narks)

(iv) Yo further cut the cost of insulin production, a GM crop which produces buman insulin has recently

been developed. } an envir ! group is worvicd that growing &uch GM crops may
cause genctic poliution, Explain why growing the GM crops may cause genctic pollution.
(2 marks)

4(bY The diagram below shows the DNA fingerprints of {ive members of a family, which consists of 8 couple
and three children.  One of the children is from the mother's previous marriage.

Mother Fother Child1 Child2 Child3

AGAAS

(i)  Based oa the information above, deduce which child is from the mother's previous marriage.
{3 marks)

{ii) Although the other wwo children are the biologicai children of the paremts shown, their DNA
fingerpring display different paterns.  Explain why this is so. (3 masks)

(i)  The different patterns shown in the DNA fingerprinting arc due to the presence of variable number
tandem sepeats (VINTRs) on human chromosomes.  VNTRS are short sequences of repcased DNA
on the non-coding region of chromosomes and the nurober of VINTRs varies grettly from person to
person.  Explain why o large namber of vanaWons can exist in VNTRs but fewer variations are
found in functional genes. (4 marks)

2014(4 a,basic genetic, b.molecular genetics in compulsory part)

4(a) In the past, animals with certain desirable traits were selected to breed for several generations and the
offspring produced would be domesticated.  This technique is known as selective breeding. Nowadays,
animals with desirable traits can be produced by animal cloning or transgenic technology.

(i}

(i1

With reference to the principles involved in selective breeding and animal cloning, explain why
animal cloning is a better method of presesving the desirable trais of an animel thsn selective
breeding. (5 marks)

Both selective breeding and transgenic technology affect the gene poo) of a species.  Transgenic
technology is more controversial than selective breeding.

(1) How would sclective breeding affect the gene pool of a species? (2 marks)

{2)  Production of ransgenic organisms is more controversial due to it cffect on the gene pool of
a species.  Explain why. (3 marks)

4(b) DNA fingerprinting is used in the screening of a genetic discase known as sickle-cell anaemia. The
disease is a result of a gene mutation which leads 10 the production of defective haemoglobin. To prepare
the DNA fingerprint, copies of DNA fragments containing the gene associased with sickle cell anaemia are
first produced by a polymerase chain reaction (PCR). The fragments are then treated by a resiriction
enzyme which cuts DNA at the middle of CCTNAGG, where N can be any nucleotide. The diagram below
shows some nucleotide sequences of the DNA (ragment containing the normal allele and the mutated allele
for sickle-cell anacemia:

" ~14kb .
DNA fragment with part K
of the normal allele: CCTTAGG s+sve-stssscassnrensseanacecs CCTGAGGAG **+=-+ CCTTAGG

DNA fragment with part
of the mutated allele: ~ CCTTAGG »=+sessvessasscesasansasassss CCIGIGGAG ++-+~+ CCTTAGG

@

@

(i

Giv)

Mutation

How many restriction sites are found in the DNA fragment with the normal allele and that with the
mutased allele respectively? {1 mark)

Based oa the principle of gel electrophoresis, explain how the cutting of the two DNA fragments
shown zbave would produce different DNA fingerprint patterns in a gel. (4 marks)

How many DNA bands would be observed in the DNA fngerprim of a carrier of sickle-cell
anaemia? Explain your answer. (2 marks)

Explain why the gene mutation will result in the production of defective haemoglobin. (3 marks)

<8



2015(4iii,b)

Ha) Read the following passage and answer e questions Lt 10uw .,

‘Bubble kid® success pats gene therapy back en omek

) When Nina was a 5-weck-old buby, she had s condition catled severe combined immunedeficiency (SCID) which
i coused by a faulty AD4 gene.  This genc originally encodes the eaxyme adenasine deami The at

of this enzyime will lesd 10 the accumutstion of twxins in white blood cells und Sanfly kill the cells.  Arfecied Kids

i fave 10 five in a sterile environment and they are often calted “bubble Lids'.

{ Today, Ninz is 3 bappy gicl with a functoning immune system. She las gene therapy — and its latest
i igrovemnents ~ o thank for this. I the therapy, sells were harvested from Nina's boue marrew and given a

[ working version of the DA gene, before being injected back into her bone martow,  Atter $ months, ber white
+ blowd cell count had nearly doubied, and today her immuse sysiem 15 fally fanctional.

(i  With reference 10 the roles of white bload cells, explin why children suffering Gom SC!}.)7 havs .to
tive tn a sterile enviranment. {2 marks)

Gy Why are cells from the bone marrow ipstead of white blood celts used in the gene therapy for SCID
patients? (4 marks)

(i) With referenes to Ninz's sase, briefly desceibe how recombinant DNA techuology is applied b gene

gherapy- (3 roarks)
(iv)  Suggest the potential hazrds of gene therapy. €2 nyarks)
att) (i) Bricfly dwscribe the theee migjor stges involved in 2 PCR cycle. (3 marks)
iy Totest heat resi of DNA poly A and B, the polymemses were jreubated at differan

temperatures for 38 minutes.  Their relative enzyuie activities as compared 10 ihe waximusm:
activity of e enmyme were measured.  Tlie resui arc shown m the graph bejow:

100

Relative activiry {35)
3

S P S

S0 68 70 8 90 100
Incubaiion empouture (°C)

(1) Of the three stages inentioned in (i), which smge requires (e action of DMNA polymerase?
i §1nark)

{2)  Which DNA polymerase is siore spitsble for nse in PCR? Explain vour answer. {4 marksy

o
(i Suate ouc application of PCR. (1 mark)

2016(4b (iL. basic genctic in compulsory)

4(b} Bt crops were onc of the eatly xrznsgwic plants produced to fight against pests.  They contain o B¢ gene
that produces a chemical (8¢ toxin) which is toxic 10 the larvae {caterpillars) of the pest.

M I l}‘:t production of &7 crops, soil bacteris are used to infect und transform the otiginal crops.
Outline the swps that should be @ken to modify the soil bactérium in prepamition for the infection.

(4 marks)

(i)  Many scientists arc concerned that the overuse of 8; crops will produce pests resistant to the 8¢

foxin, Bt resistance is a result of a mutation in the posts. The murated aliele (b) is recessive to

the wild wpe allele (B). Afier fouding on Br crops, only the homozygous recessive (bb)

carerpillars can survive.  To minimise the emergence of 8¢ resa ientisks divided farmland

;r:;) small areas, some growing Br crops and others growing normal trops, as shewn in the diagram
ow;

Key: NEMME B3¢ sreas growing B crops
) Non- 5 areas growing normal creps

{1} Ixwas found that the mutated aliele is very rare in the pest population.

()  Compare the population star of the aduk pests found in the Bf reas and non-Br areas,

(1 smark)

(I} Stare the genotyp(s) of the adult pests found in the Bz areas, (1 mxk)

(It} State the genorypa(s) of the adult pests that make up the largest proporion in the
non-& areas, (1 mark}

2) () Explain how this strategy (growing crops in the above pattern) works in minimising
the emergence of B2 resistance in #he offspring of adult pasts. (3 marks)

{11)  What is the ssswaption behind this strstegy? (1 mark)



2017(4)
4b)  The dizgram below shows a plasmid with two antibiotic resistinee genes and three cut sites lor restriction
. e S .. . eazymes P.Q and R
4(a) A genetically modified (GM) salmon was approved for consumption in the United States in 2015, The

fiowchart below shows some simplified steps involved in the production of the GM salmon:

I Restriction enzvime Q cuts at:

Step [ | Preparation of recombinant DNA with a growth hormone gene from salmon species A

.

|
Step2 | Microinjection of recombinant DNA into fertilised eggs of salmon species B

!

Step 3 | Selection of homozygous wansgenic salmon for breeding over several generations

v

-~
5
-
g
>
[}

’\ Restriction enryme R culs at:

GG ATCEC

£ icillo yesi S
gene for amnpicillo resistance CCTAGWO

Swp 4 | Coliection of diploid fewsilised eggs from the sefected ransgenic salmon Restriction snzyme P cuts at gene for tetracycline resistance
v AIAGCT T
Step S | Production of triploid fertilised eggs by certain weatments TTCG azA
. . . - . A student warted 10 insert the following DNA framment into this plesmid which was then used o tansform
Step 6 | Culturing of sterile GM salmon developed from triploid fertilised eggs in isolated tanks hacterin.  Only part of the nucicende sequence oF the two ends of the DNA fragment is shown:

gene of interest
{iy  What is the advantage of cultaring this rype of GM salmon over nos-GM salmon? Explain your EPo —

answer. (2 macks) GGAACTCTAGGATCC| AGGATCCTTGAATTG
. o . . CCTTGAGATCCTAGG [TCCTAGGAACTTAAC]
(i) Microinjection method is used m step 2.
(1} Giv one advantage of using the micromjection method instead of viral vectors for () Based on the information above, choose one restriction enzyme to cat both the plasmid and the
. rir]l recc i A 1h. 1
producing te G salmon. (1 mark) DNA fragment so tha they can be g Explain your answer.
(4 raarks}
2} Give one disadvantage of using the microinjection method. (1 mark) (i} ARer wmsformarion, the bacteria were Gensferted to an agar plate containing ampiciltin for
sclection.  Explain the onponznce of this step. (3 morks)
iy With referesce to step 3, suggest two reasons why the selection was made over several generations
(ity sathet than one P iu'nugg - (2 marks) (510 For the bacterial colonics formed on the agar plate ¢onwining ampicillin. some of tham bave
generation. = tetracyeline revistance while some do net.  Explain this phenomencen. (3 marks)

(iv) Instep S. the wiploid fertilised eggs produced contain three sets of chromosomes.

(1) With reference to the process of panaete formation, explain why the GM salmon developed
from wiploid eges are sterile. ’ (2 marks)

{2)  Explain why this can actas a safety precaution for protection of wild lifes. (2 masks)

s
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2 fotlowing primers for the POR:

2018(4b)

xpy .. DNAcxension
X CHGOG  AUACGACGAY ——mtrel>
RIS O

ddt Thes

D

A extentsion

COTTALCALT CGCCTATTGY

t ne type of mistake I each primer. Witte the carrec? primers 1o be {2 ks
23 @ predicled slze (inw of puprber of bade pairs) of the PCH ¢ {1 maek}

DHY Ay waed the foilowwny plavenid an o veoter fo carry the PCR product w0 memlong bastena, The
phuemd ontined:

Femperaias (*U)

{) ciiin resistance gene:
il 2 Z gene nceding na enzyme e tonvers sebstance X io blur compounds:

i3 some resriction sites within the 2 genc.

Time (min)
G Wiich stage comvesponds 1 DINA phin your answer, 5 merbs)

c piaenad to amplify o Jagmem of DRA wsing PCR The fhijowing dlegram shows e . ‘o
anneling of primers during FCR. The scauence of DN srmmd X is Shown below and shy arnpivifil resisunce gens
enrrespending sequences of regions Tand & are bightighied:

resuiction sies

region § regian I
DNA mraad X i
é o LT T ‘ Z 3
e DNAesension  oyigery e Z gome
PUMS ) pDNA extension
n—————-———-—}

DR s Y e R . N S D RS AT LAYV 95

Seqeencz of DNA steand X . 0F

> TGGCGCTHGG  COCAATGUGE  GCCATTACCG  AGTCCGOUCT GCGCGTTOGT 5
rezion

CGGTAGTOGE  ATACGACGAT | ACCGAAGATA GCTTATGTTA {00 Afer she traxssion

GCGGATATCT

5 pation of de bucteds, Mary e the bacleria on agar plates condining beth
ampiciilin aad subsunee X Biue and white hacterial colontes were formed.

TATCCRGCLG  TTALCCAUCA TCAAACAGUA TETTCHUCTG CTGGLGCAAS iR

COAGCOTEE CAACTCTETC  AGGSCCAGH CAAGOGE B (1} ‘What is the purpnse of ndding arapicilln to the ager plazes? Exploin vour answer. (2 muarks)

CAGCG e AACTCTOTT AGOECTAGD LBAAGOLT AL

AATCAGCTGT AUTGGTGAAR 40 () wofain which typr of Soloay (blue o while} comains non-recombinant phtsmids, i.c
VA e, {4 muarks)

CAATACGC AN

Spr s g
GUCAGYGAG

TEGCATC

GCTTTLCOGA

TARTOTE2AGT

TTCEGCTCS

34
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2019(4)

4(a) Samples of body fluids or cells collected from crime scenes can be examined with VNTR-based DNA. 4(b) A scientist discovered a bacterial species capable of secreting a protein.  This protein is toxic to insects
fingerprinting.  The diagram below shows the DNA fingeeprints of body fivid samples collected from a that damage the roots of a certain crop. The peotein is encoded by gene K. The scientist used
crime scene, and those of the victim and theee suspects: polvmerase chain reaction (PCR) 1o amplify gene K. The diagram below shows some PCR processes:

Victim Body floid  Suspect | Suspect2  Suspectd
gene K
(- m— = | — (-
Double-stranded
NA
- - D
-
L]
- ) — i
[ d -— -—
o -
[ ] ——— ———
— - Process I
- -
- - - L
— = = -
- L] ——
-
-—_—_—
— -— - —
SN
(@)  Bused on the above results, deduce who is most likely the criminal among the three suspects. Process I1: primer primer
(1 mark) SSSSSS
=
(iiy  Explain why the DNA fingerprints of these suspects showed different patterns. (3 marks)
(ifi} Semen and blood stains are body fluid samples which can be coliected from crime scenes.  Kelly
and Ryan disagrce about the suitability of using these body fluid samples for DNA fingerprinting.
Belaw is their conversation: —
) P ——SSS
Process 11 primer prmer
X @ No probicm, blood stains can e D
@ Impossible!  Red blood be used in DNA fingerprinting! —
ceils hove no nueleus.  How
can blcod stuins be used in
DNA fingcrprinting? (©  Whatis Process II? (1 mark)
o (i)  Draw a simple labclled diagram to show the expected PCR product. (2 marks)
@ However, ¥ think semen is not

suitable for DNA fingerpeinting because
sperm cells are haploid cells.  Their
DXNA fingerprints will be different from
those produced from diploid celis.

(iif)  Primers often contain about 18-22 bases. {f primers with fewer bases are used, PCR products of
different sizes are obtained.  Explain this phenomenon. (2 marks)

(iv)  The scientist wanted 10 tansfer gene K into the crop by using Agrobacrerium (a soil bacterium).

Ryan Explain why Agrobacterium is suitable for trunsferring the target gene into the crop. (2 marks)

1 Is Kelly or Ryan right about whether blood stains can be used for DNA fingerprinting? . . - . :
i Explainyvour af,swf‘ s ?;, n::u‘kgs) (v}  The cultivation of this mansgenic crop was found to produce higher yields than its non-transgenic
- counterpart.  Suggest an explanation for this. : (3 coarks)

(2) Do you agrec with Ryan's commem about the suimability of using scmen for DNA
fingerprinting?  Explain your answet. (4 marks)



2020(4)

4(a)

Study the disgraras below. Diagram X shows a DNA scgment with a furget gene. Diugram Y shows a
plastaid with & size of 4 300 base pairs {(bp). The restriction sites for restriction enzymes EcoRl, Pstl and
RiadUI are shown in both disgrams.

Diagram ¥

Diagram X

y< 700 bo Sy

]

Key:

A —
700 bp a aniibiotic P

resistance gene

4300 hp

Y restiction site for EcoRI W\
restriction site for Pstl
restriction site for HindI{l

a<

(i) A student plans to insert the target gene Into the plasmid and screen the transformed bacteria with
antibiotic P.

(1) Which restriction enzyrac should be used for ihe imscrtion? Explain your answer. (3 muarks}
(2)  Swuxc another type of enzyme which is required 1o complete the insertion. {1 mark)
(iiy  After wansformation. scrcening and culturc, the plasmids from different colonivs were harvesied

and cut using enzyme HindIIl, Gel electrophoresis was then conducted (o check the size of the cut
plasmids. The diagram below shows bwo types of DNA band obtained:

DNA markers colony P colony Q colony R colony S
o [ e = = D
6 000 bp -
5000 bp band B bund 8
band A band A
4000 bp — — e
3600 bp —
2000 bp -—
1000 bp —

(1) Which band (A or B) represents the plasmids with the target gene? Explain your asswer.
(3 narks)

(2)  Explain why two types of DNA band were detected in the cut plasmids after gel
clectrophoresis (3 miurks)

57

4(b)

Traditionat diagnosis of Down Syndrome requires the callection of fuetal tissuc. The recent discavery of
cell-free foctal DNA 3n maternal blood has opencd up new possibilitics fer diagnosis. Cell-free DNA are
fragments of DNA released into the plasma from the degradation of normal cells. The diagram below

shows a foetus and its associared steuctures inside the mether’s body:

a
-
maternal biood !: ek
A
o »
Key: -
-, - cell-free
SO e oA A

(0 With reference 1o the above diagram, which labelled structure does the ccll-free foetl DNA come
from? Explain your answer. (2 marks)

@) in the mawroul plasma, cell-free foetal DNA is only a minor proportion of the totai cell-free DNA.
Sugurest a teclinique for cnhancing the detection of very smail amounts of cell-free foctal DNA in
maternul plasma. Explain your answer. (2 marks)

(i} Nowadays, the identity of the genes in the cell-free DNA can be found through DNA seguencing

and mapping against human genome dutabsses.

(1)  Scicntists proposed that Down Syndrome could be diagnosed by comparing the frequency of
occurrence of the genes found on chromesome 21 and another autosome in the cell-free
foctal DNA. Based on your undersanding about Down Syadromue, explain the biological

principle involved in this method. What would be the expected resuin? (2 marks)
(3)  Suggest fwa other possible applications of the resuls obtained from DNA sequencing,
Explain the principle of each application. (4 marks)
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2012 (4b)(ii)

4.(b} A 25-year-old athicte. Keith, had nerve damage and became paralyzed. In view of the difficulties
associated with tissuc transplants, he proposed cloning himself. using the method vsed for Dotly the sheep,
0 as to get a nerve for transplantation.  He discusscd his idea with a scientist.
(i)  Give me problems associated with conventional tissue transplants, (2 marks)

(iiy  Keith's idca could notbe put into praciice.  State onze crhical reason o explain why not. (1 mark)

(il)  The scientist suggested that stem cell therapy may be 2 way of obtaining some nerve cells.

(1) State one place in Keith’s body where stem cells can be obtained. (1 mark)
(2)  Describe how stem cells may be used to cuze Keith. (3 marks)
(3)  Describe my limitatons of using stem cell therapy in this case. (2 marks)
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Technology in Modern biotechnology

SPP24
43 (O

(i

(i)

{iv)

4.(b) ()

(i©)

(ii)

[49)

@

-

= aplasmid is 2 smali circular piece of gxtrachromosomal DNA in bacterial cells
&3]

»  plusmics cur be 1aken up by bacterial cells because of their small size (1)
« plasmids contain selective markers ¢.g, antibiotic resistance gene(s) which allow
screening for the transformed bacserial cells (1)

the same resticticn enzyme would produce the same sticky ends in the target human
gene and in the plasmid (1)

so thar the cleaved plasimid and the target gene can be ligated together by
complemencary base pairing between the unpaired bases in their sticky ends (1)

intreduce the recombinant plasmids inwo some becterial cells 7 £, coli (1)

select the transformed bacteria by cultunng the baucteria on nutrien: agac contsining 2
specific antibiotic (1)

mass cuaiture the transformed bacterial cells (1) in a nutrient mediuvm comaining the
antibiclic

induce the expression of the gene thar encodes the cloiting protein (1)

exiract and purity the clotting preteins produced (1)

Anv twe of the fotlpwing:

.

larger quantities of the <lotting proteins caa be produced (1)
lower dsk of infection by blood borne diseases (1)
less side effects due to higher purity of the ¢lotting proteins (1)

@

(max. 4)

Toial: 11 macks

extract DNA sample from the individual (1)

use restriction enzyme to cut the sample into fragrerts (1)

separuie the fragments of different sizes using elcctrophoresis (1)

matwh the DNA fingerprint patterns between individuals ander study (1)

.
(aecept ather correct altematives)

(1

@)

*  Pisthe fatber ! parentof R (1)
« the bands of R are either comimon to those of P or those of Q (1), wdicating that
P ané Q are R’s parents

. 8{D
* there ae bands in his DNA fingerprint that are fourd neither in the DNA
{ingerprint of P nor that of Q (1)

Anv oneof the following: {accept other carrect alicmatives)

as a forensic ton) for identifying suspects / victims / human remains ¢ missing peisons
(1)

applicetions in palacontology (1)

< in archacology (1) (c.s. macching fragmeats of the Dead Sea Scrolls)

ans in medical diagnostics (1) (sorewning patients and foetuses for inherited

orzan dOrors

¢/ coraposition of foods
ton (1)
S0

_Total: 9 marks |

)

)

0]
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PP P2 4b
44b) (i

(i)

(iiiy

A195°C, the complementary stands of DNA are separated into two single DNA strands.

At $5°C, primers are annealed to the single stranded DNA femplates by complementary base
pairing.

At 72°C, DNA polymerase adds nucleotides to {the 3° end of) the primers 10 synthesise the new

DNA.

&)

2y

(&)

2)

3)

PCR amplifics the small amount of DNA present in the hair follicte for further analysis.

The products of PCR are separated by gel cloctrophoresis into bands according fo their
molecular masses / sizes.
The banding pattern prod
owner of the piece ot hair.
The DNA lingemprint is then compared to that of the suspect to see if they match.
Positive matching can be vsed as cvidence against the suspect as the DNA of
individual is unique.

d after get electrophoresis is the "DNA fingerprint’ of the

As shown in the analysis, the marker in the GM maize will always show up in a DNA
analysis.

This allows maize cells which have been successfully incorporated the desired foreign gane
(rransformed. maize cells) to be screened for use.

Example: GM rice that contains a precursor of vitamin A {f-carotcne)

The incidence of night blindness among people living in poor countries can be reduced if
they are consuming this GM rice.

{Accept other correct aliematives.)

The GM plants may dispemse away from the farmiand. They may out-compete other
native plants and upset the ecological halance.

The toxin may accumulate along the food chain and cause poisoning i consumers in the
higher trophic levels

(Accept other correct aftematives.)

2012 P2 4a
1 4. @ @O
1
1
(iD
i
1
1
!
i
1
i
: (i)

m

@

OR

cut the DNA containing the gene encoding enzyme Y and plasmid with
the same restriction enzyme to produce compatible sticky ends (1)
join the enzyme gene and plasmid together using DNA ligase (1)

Any twe of the following:

in constructing the plasmid, some cut plasmids joined by itself to
restore the original form without picking up the DNA fragment (1)
in transferring the plasmid to plam cells, some bacteria did not pick
up any plasmid at all (I)

the bacteria did not infect some of the crop cells (1)

grow all the plant cells on an agar plate with the antibiotic (i)

only those plant cells that has picked up the functional piasmid can
survive (1)

as they corntain the plasmid with the antibiotic resistance gene (1)

cut the DNA obtained from the plant cells with restriction enzymes
(¢

amplify the DNA fragment using PCR (1)

run a DNA electrophoresis to check for the presence of the DNA
fragment which has been inserted into the plasmids (1)

when applying chemical X, plants that are not genetically modified / do
not carry the gene encoding the mutant form of enzyme Y cannot survive

&)

on the other hand, the GM crops can survive (1)

because these GM crops producc another enZyme that will not be
inhibited by chemical X. as a result. they can carry out photosynthesis
and survive (1)

without competition. the GM crops have more resources for growth (1}
thus the crop yield can be increased

M
n

(max. 2)

m

1O
O]

)
M

(1)

(4]
m

M
)



2013 P24

4,

ta) (0

(i}

(i)

(iv)

®) &

(€3]

(i)

*

primers (1)
deoxyriborucleoside triphosphates (dNTPs) (1)

insutin produced from GM bacteria has the szme amino acid sequences as
the insulin produced by our body (1)

so that the patient's immune svstem does not normally produce antibodies
against the insulin after injeciion ¢ rejection on the insulin oceurs (1)
whereas the amino acid sequence of animal insulin is slightly different
frem thac of humon insulin {1}

thus seme patients” immune systems produce antibodivs against it to
degrade / inactivate / lower the offect of insulin {13

duc te the high growth rate of bucteria, the product yield from GM
bacteria is much higher than thar from animal pancreas because it takes
long time 1o rear animals (1)

insulin can be produced continuously from the bacterial culture whereas
each animal can provide only 2 limited amownx of animal pancreas (1)

the cost of purification of insulin frem bacterial cuiture is lower than
that from the animal pancreas {1) as it is fess complicated

GM plants sre often grown out in the open areas (1)
thus pollen grains kom GM plants may pollinate other non-GM crops and
are spread 10 other plants (1)

child 2 (1)
because some of the bands resembles the pattern of the mother (1)
while the other bands cannot be found in the pattern of the father (1)

they are reshited from fusion of different gametes / random fertilization
[8);

due to independent assorument / crossing over of chromosomes (1)

cach gamete bears differemt copies of chromosomes from the parents
(H

as VNTRs arc located in the non-coding region of chromosomes, any
mutations do not affect the survival of the organisms (1)

and the murations can pass on to the aext generation (1)

motations in functional genes, hawever, may lead to expression of
nen-functional proteins / faiture of expression of these genes (1)

which may affect the survival of the organisms (1)

therefore, variations of VNTRs pass on ffom generation to gencration leading
to huge varizdons

31

2

)

{max. 2)

2}

(&)

)

(4)

2014 P2 4 (a->basic genetic, b->molecular genetics in compulsory part)

4. @ () - selective breeding involves sexual reproduction / fusion of gametes (1)

. which produces offspring with genetic variatioas (1)

. as a result, the desirable wraits may be diluted (1} / desirabic traits may

not appear / undesirable trai% may appear

. however, the organisms produced from cloning are developed from

raitosis of the cells from desired donor (1)

- the organisms produced are genewcally idenwical to the donors (1), so

all the desirable traits will be precerved

(i) (1) = asonly individuals with desirable trails were selected for braeding

while others were not perpetusted (1),

* the genes for the undesirable traits will be eliminated from the
gene pool evezawally (1) / the gene frequency of the desirable
traits will increase / undesirable zaits will decrease

(2) = the desirable genes may be mken from a different species (1) /
may not natusally occur in the organisms to be wansformed
*  as aresult, new genes will be added to the gene pool of a species

&)

+  this may produce superior species and pose Mircals to other species
7 the long term effect is not yet known / this may create new

species artificially (1)
) ()

.

Gy after cutting with the cesmriction enzymes, two short DNA fragments
will be produced from the DNA fragment with normal allele (1)
. and one long DNA fragmens will be produced from the DNA fragment

with the mutsted aliele (1}

. as the DNA fragments will migrate to the (positive} pole in gel

¢electrophoresis (1)

. DNA fragments with shorter lengths will migrase faster than those with

fonger length (1), forming separate bands o the gel

(3ii) three DNA bands {1)

. as the person bas both the nonnal allefe and the mgated allele (1) /is a

heterozygote

{iv) » change in a nucleotide in the base sequence may lead to 2 change in the

triplet code (1)

. thus may change the amino acid sequence of the protein produced (I)
. as 3 sesult, the protein produced may fold to a differemt shape (1) and

lose its function

No. of restriction sites in the DNA fragment with normal allele: 3
No. of restrichon sites in the DNA fragment with mutated alleie: 2

&)

@

©

M)

©)

@)

@)
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(i)

2015P24b

® O

an

(iii)

i
-

.

8]
@)

a vector is used to carry e working ADA gene (1)

it delivers and insens a waorking ADA gene / normal gene into Nina's
genome / cell (1)}

this inserted gene is expressed to produce a functional protein / enzyme
(1), which should overcome the defect

DNA molecules are denatured ¢ separated / unwounded to form single
strands at the DNA denaturation stage (1)

primer with complementary bases anneals to the single-stranded DNA
molecule at primer ling s»ge (1)

plementary free nucleotides (GNTPs in PCR} join to the primer
accordingly to extend the DNA molecule at the extension stage (1)

*  cxtension stage (1)

¢ as all enzymes and substrate are added at the very beginning,
enzymes used in PCR cycle should be able 1o withstand high
temperatore (~90°C) during the breaking of DNA molecules to
single stand (1)

«  the resuits show that DNA polvinerasc B stil has a high relative
activity even afler incubation et high temperature (1)

»  while DNA polymerase A loses most of its activity (1)

«  thercfore DNA polymerase B is more suitable (1)

amplify the DNA for genctic testing such as parentage / forensic
application / detection of specific gene sequence (e.g. gencs of genetic
diseases, genetic markers of GM food) (1)

()

&

O]

)

(D
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2017 P2 4 (a iv->Cell cycle)

4.

@ O

G

i)

Gv)

. The GM salmon have an additionat copy of gene for producing growth

hormone (1)

. therefore they should have a faster growth rate / can grow 10 a larger

size in 2 short time (1)

n - the recombinant DNA does not contain any viral materials which
may cause undesirable effects / immune response on humaans /
which may regain the ability to cause disease (1)

@ - the insertion of the recombinast DMA into the genome of
fartilized egg has high failure ratc / can cause damage of the
fertilized egg / time consuming as only one fertilized egg can be
targeted at one time (1)

Any two of the following:

1o ensure that the transgene % inheritable over generations (1)

. and the gene can stil] be expressed / exert jw effect after generations of

inheritance (1)

. to produce salmons which are pure bred / homozygous for the transgene

m

ay - the three sets of homologous chromosomes fail to pair up (1)
during meiotic cell division for gamete formation
. so low nuraber of viable garnetes / no gametes can be formed (1)

@) - 0 enswre that the GM saimen capnot breed with wild salmon (1)
. 1o avoid passage of the transgenc to others even if they escape to
the wild (1)

@

6

m

@

@

@

® O

{iit)

@

2018 P2 4b

® M

(i)

(iit)

It

@

@

. use restriction enzyme R to cut both the plasmid and DNA fragment (1)
. since restriction / cut site of R can be found at both ends of the DNA

fragment (1)

. as a result, two shcky ends / siugle-stranded DNA ends will be

produced at the plasmid and on the DNA fragment (1)

. which are complementary (1) for insermon of the DNA fragmeok into

the plasmid

. it can be used to select bacteria that confain the plasmid / has been

transformed (1)

i because bacteria that have successfully picked up the plasmids will

possess gene for ampicillin resissance (1)
. thus they can survive on the culnrre plate containing awpicillin (1}

. it can be used to eliminate bacteria that do not conwain the plasmid /

bave not been transformed (1}

. because bacteria that have not picked up the plasmids will not possess

gene for ampicillin resistance (1)
. thus they are killed on the culture plate contsining ampicillin (1)

after insertion of the DNA fragment, the tetracycline resistance gene has
been interrupted / is no longer functional / cannot be expressed (1)
therefore, bacteria that have picked up the plasmids with successful
insertion do not have tewracycline resistance (1)

while bacteria that have picked up self-ligated plasmid / plasmid which
has not been cur / plasmid without insertion still possess tetracycline
resistance { 1)

Stage k(1)

the tlempusature i hiph enough (1) @
to breuk the hydrogen bunds between the two strands of double helix

DNAGY)

. Primer I: CGGTAGTGGG ATACGACGAT (1)

. Primer I1: TOTTATCCGL TCACAATTCC (1) @
. 380 base prirs (£) 1)
. w0 screen bacweria which have picked up plasmids during
mansformation (1}
. 35 theses bacteria have the plasmid with ampicitlin resistant gene,
they can survive o sgar plates with ampiciltin (1)
OR (64}
. to eliminate bacteria that do not have e plasmid / are not
trumsformed (1)
. us they do not have the plasmid with ampicillin tesistent geae.
they are killed by the ampicillin in the sgar plae {1)
. blue calonies (t)
. for bacteria which have picked up tic plasmid withour DNA
insert, the Z gene remains jntact (1) @
. &5 a result, these bacteris / plasmids produce the enzyme (1)
. which convent sub: X to blue pounds (1), Jting in

blue colonivs

G

@

w15

(€]



2019 P2 4 (a iii->Molecular genetics, b v=>Plant)

a.

®)

()

®
(i)

(i

(iv)

v

0]

(i)

(i)

-

-

suspect 2 whose DNA fingerprint shares the same pattern as the body
fluid"s (1}

2020P24

M

as the number of times the sequence repeats is highly variable 7

polymorphic / different smong individuals (1)

and different number of repeats results in different lengths of DNA
fragments after cutting with suitable cazymes (1}

since different lengths of DNA fragrents migrate with different speeds
in gel electrophoresis (1)

therefore. different bands of DNA Angerprinting which is unigue to
individuals can be shown

(1) - Ryan’s idea is right (1)

. because blooad stains contain white blood cells which have nucleus
/has othier nucicated cells (1)

2 - Ryen's idea is wrong (1)

- although one sperm cell only contains one set of chromosomes (1)

. there are many sperm cells in semen. and cach reccives
chromosomes randomly through miciosis from their diploid mother
cells (1)

. thus, the sperm cell lysate formed a collection of chromosomes
containing both sets of chromosomes from the diploid mother cells
(0]

primer arnealing 1)

diagram showing double stranded DNA (1) and the position of primers
1)

primer

H double-stronded
[ [ DNA

4

primer

shorter primers have Iess combinations of base sequenees (1)

there is a high chance of anncaling, to wrong positions of the DNA strand
(1)

therefore, DNA strands of different siaes are amplified

the Agrobacrerium contains plasmids for target genes (6 be inserted (1)
the Agrobacierinm can infect crop cells (1) and wansfer the genes of the
plasmid 1o the genome of the crop cells

with the presence of gene K and hence its toxic proteins, the root system
of ransgenic crops is less likely to be attacked / damaged by insects (1)
therefore their root system can:
+  absorb more nutrients ¢ water from soil } any one (1)
*  provide beuer anchorage / support

than their non-Wensgenic coumerpart
therefore the crops can grow 0@ bigger size / grow better / support more
fruit formation / swre more food (1)

99

(3)

)

)

2

@

@)

G)
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Applications in biotechnology

PP P24a
4.4a) (D

(i}

Bone marrow stem celis ate capable of difTerentiating inta lymphocyies so thut the patrents cun be
protected against infections,

Sematic genc therapy works by inserting a normal gene inte the patient’s cells 10 correct the
genetic disorder by comp ing, for the malfunctioning gene (i.e. production of ymphocytes
can be resumed in this case).

Advantage: no need to wait for a matching donor for the bone marrow cetls ¢ no prodlem off
rejestion

(iity  All the cells in the offspring will contain the normal gene it germ-line therapy is emploved.

(iv)

However. only the body cells baving the insenicd gence and their daughter cells will have the
normal gene in somatic gene therapy.

Wilh germ-line gene therspy, the norml gene con be inherited by the subsequent generations.
However, the normal gene obmined by somatic gene therapy is not inherituble.

The deviced gene carried by the vector virus is randomly inserted into the patient’s genome.
This desired gene may be inscrted into the DNA sequence of another gene and affect the
expression of that gene.

2012 P2 4b i, iii

(b)) () o the immune system may treat the transplanted organ as ‘foreign’,
resulting in rejection (1} (1
. have to wait for jong time far a suitable donation / no enough donors (1) (1)
Gi) o illegat to produce a human clone / wastage of many embryo during
cloning / killing one person (o help another person is morally not W
accepred (1)
(i) (1) e Dbone marrow (1) / dermis of skin / wmbilical cord bloed or [©)]

embryonic cells which were obtained long time ago
other acceptable answers

(2) '«  the stem cells proliferate to increase in cell number (1) )
e then they are differentiated inio nerve stem celis (1) [63)
= which is introduced 1o Keith's body to repair the damaged tissue (1) m

4. (b) (i) (3) Anymo of the following:

not all adult stem cells ere identified (1)

*  the conditions for culturing stem celis have not been figured out (1)

*  some stem cell continue 1o proliferate after transplant and become
caneer cells (1)

*  the conditions needed 1o initiate the differentiation of stem ceils into
specialised cell types have not been figured out {1)

(max. 2)

2013 P2 4aiii

Gif) e

due 10 the high grewth rate of bacterfa, the product yield from GM
bacteria is much higher than that from animal pancress because it takes
long time o rear animals (1)

insulin can be produced continueusly from sthe bacterial culture whereas

each animal can provide enly a limited amoun: of animal pancreas (1)
the cost of purification of insufin from bacterial culture is lower than
that from the animal pancreas (1) as it is less complicated

20135 P2 4a (i->Immune system in compulsory part)

4,

@

()

i)

Giv)

Any fwe of the follewing:

white blood cells are responsible for recogrizing pathogens (1) / foreign
cells

and production of amibodies to fight against pathogens (1)

and kill the pathogens (1)

without these roles, the kid is more susceptible to infections (1)

cells from boue marrow are stem cells for producing white blood celis (1)
once the working gene is inserted into these stem cells. the cells can
divide and produce white bloed cells that carry the working gene (1)
hence, this provides a long-term cure o the disease (1%)

on the other hand, if the working gene is inserted into mature white blood
cells, the working gene is Jost after their death (1), therapy has 1o be
repeated from time to time

thus its effect is short-lived (1%)

(# mark to be awarded once)

a vector is used to canry the working ADA gene (1)

it delivers and inserts a working ADA gene / normal gene into Nina's
genome / celi (1)

this inserted gene is expressed to praduce a functional protein / enzyme
(1), which should evercome the defect

Any wo of the following:

genes may be inserted at random locations in the genome which may
cause harmful mutations to the DNA (1) / failure of the expression of
essential genes

the wrget genes may insert regulatory sequences that wigger the
expression of nearby genes leading 1o cancer (Jike leukaemia) (1)

some patients may show an immune reaction to the vector (1) and rejecr
the gene product

viral vector may regain the ability to cause diseases (1)

(max. 2)

)

@)

&)

@
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(h (D) . prinwr annealing (1) ()
(in - diagram showing double stranded DNA (1) and the position of primers @
(13 -
primer
=] ]
double-stranded
; DNA
primer
(i) - shorter primers have less combinations of base sequences (1)
v there is a high chance of annealing to wrong posilions of the DNA strand @
(3]
- therefore, DNA strands of different sizes are amplificd
{iv) = the 4grobacrerium comains plasmids for target genes to be inserted (1)
- the dgrobacrerium can infeet crop cells (1) and tronsfer the genes of the 2)
plasmid to the genome of the crop cells
) - with the presence of gene K and hence its toxic proteing, the root system
of transgenic crops is tess fikely 1o be attacked / damaged by inscets (1)
. therefore their root system can;
. absorb more rotrients / water from soil } any ovc (1} 3
4 @ O Any mwo of the following: . provide better anchorage / suppor
7 v ety o e s - S
. risk of contracting infectious diseases via blood transfusion {1) = Crefore (D¢ CTops can grow 10 a DIREr Size/ Lrow Support more
N B . A fruit formation / store more food (1)
. iron accumulation / deposition iz the liver may occur (1)
(i) ay - stern cells have the ability 1o divide and reproduce new cells (1} ) .
- differentiate into liver cefls with normal functions / so cells with @ . Bioethics
2ability to produce tbe blood clotting protein will be produced in 2012P24b i
John for his lifetime (1)
A (ity = iliegal to produce a human clone / wastage of many embryo during
@ - s the transformation / transfer of the gene by viral vector was cloning / killing one person to help another person is morally not )
carried out outside John's bady (1) accepted (1)
v the risk of having the viral vector triggering immune response in
Fohn is removed (1)
- cell culture allows the sefcetion of transfected cells which can @
successfully produce the protein for sransplantation / which are
free from other abnormalities (1)
. this climinates the risk afhaviag the gene inserted inte the wrong
position and fails to express / catsing cancers / disrupting other
fuactioning of the cells (1)
oy 04
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