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2(b) Normt1l rainwater bas a pH of nround 5.6. Acid rain was first noted in the 17"' century. At that time, rainwater with pH readings below 2.5 were recorded in industrial areas. 
(i) In 1986, an cxp«imcni wns cornlucted to study the effect of acidity of rninwater on the photosynthetic mh:: ofu lichen species, The lichens were divided into three groups: Group A served as the control, khich was sprayed with rainwater sample of pH 5.6 every day, Groups Band C were sprayed with rainwater samples of pH 3.5 and 2.5 respectively on Day l and then sprayed with rainwater sample of pH 5.6 on Day2 until Day 5. 

sprayl:d with I rainw:.rter �am pies of different nH sprayed with rainwater sample: of pH 5.6 
2 o-.----� "'----,. "'----+-"' ----;-"----a" 
15 
LO 
0.5 

Day t 
--:--
Day3 Day5 

Key: -- GroupA Group B ---··Groupe 

( l) Compare the effects of spraying rainwater =pies of different pH on the photosynthetic rnte of the lichen. (4 marks) 
(2) The clJan below shows the weather in city Y in a month during the rainy se.½on. Based on the results of the experiment. CAepliiin why the lichen is rurely found in the indumial ar.-a (lf cityY. 0 mark>) 

Sund11 Mondav i Tuesda 

(ii) State tw<J major air pollutants :md describe how they cause the formation of acid rain 
(iii) State tw<1 effects ofacid rain on soil min,era\s. 

r2 mark�) 

Biotechnology 
Technology in Modem biotechnology 
2012sp(4) 

4.(a} In some people, a gene mutation results 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 e,ctemal source of the clotting protein into these people"s blood. The clotting protein can be produced by rt!combinant DNA technology. The flow chart below outlines the major sto,,'!)s of producing the recombinant DNA: 

(i) 

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

11) 

(2} 

the target gene is insened into the plasmid forming a recombinant DNA 

What i, a bacterial plasmid? (l mark) 
Give t1vo reasons \vhy plasmids are commonly used c1s vectors in recombinant DNA tcclmology. (2 marks) 

(ii) ln moot ca�cs. the re�triction enzyme used to cul the target gene from the human DNA sh(1uld be the same as thaL used for cuttmg the plasmid. Explain the imp(Jrtance of this in the fonnation of the recombinant DNA. (2 marks) 
(iii) Outline how the clotting protein is produced on a large scale after obtaining the r1.-eombimmt DNA {4 marks) 
(iv) Traditionally, the cl()tting protein is obtained by extraction from dolllllcd blood. Give two advantages of using the clotting prntcins produced by ro,,-combinant DNA technology over that obtained from the traditional source. {2 marks) 
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20!2pp(4b) 

Polymcms:i:: chain reaction (PCR) IS a tcchniqm: in modcrn biotcchnotQ£;y. 
lhn:-c principal steps. which operate al 95"C. 55''C :md 72"'C in s�ucncc. 

A �-ydc of PCR consi.sts of 

(1J Outline what happens in the three principal steps in J. cycle of PCR_ 

(ii} 

(iii) 

One appliC311on of PCR i.s Polymerase Chain Rc:u::tion--Shon hnd�m Rcpca1 An:1.!y:,."ls 
(PCR-SfR -analysi.,o which can be u.� m fon.-nsics. Jn a crime scene. a piece of hair suspected 
10 be the criminnl'!. is found. A Slb-p<Xt is arrested one we.:k lat.t:r. 

l l) \Vith rdcrcncc to the .iliovc case, state the signific:incc of PCR m PCR-STR analysis. 
(l mark) 

{2J Dc=nbc how the pnxlucL,; of PCR arc us,:d m PCR-STR ru1;:;!y:--is to produce cv1d<:ncc 
for verifying whcthcr the !.tL<,pt< .. '111:lS rnmmittcd the crime (] rnarksJ 

Another applirntJon uf PCR is for ickntil�·mg GM OfB.lnL,,;ms. The foUowing .shows th.: analysis 
of the DNAof:i: G.\1 im1� -0.nd a non-G�,J maize 
[�ol<: The rrurnbcr above c:,ichpctk in !he figure indka!L-s tli.: numb-:r ,,fba.,;.c pa!l> (bpl.j 

{ II 

{3) 

I------"-'-'-''---''--''-�-------- D?-.:A b.ddcr 
l 31 

5 

J5 l 

15 35 
T1me1s) 

.'\ nurkcr f;i polynuckotidc chamJ wnll 1 OJ bp is intn:.JuccJ Iv Uw ttt;,Jlc rn pruducing 
the G)..l nuU:c.. \\'ilh rd<."Tcr!Cc to the al;>o-..c 3I!t!ly:s.is. suggest the purpl>S<: of 
mtroducmg a marker to !he maize in th,: pro,;c:s.'> of pro.:h.1cm_g r..b.c GM maize. 

Jllw.traic v.1th an c.xamplc hov. G>"t plants .:w hdp promote people·$ hca!th. !2 nurksl 

\\'h..it are r.hc possible 1mpa<:ts on the eeosys:tcm of growmg G!-1 pbnL� that produce a 
toxm to ki!J inS1.."CL�? Dcscri� two po.ssibk impact�. 1'2 marb) 

20!2(4a) 

4.(a) Chemical X inhibits enzyme Yin photosynthesis and Jalls all plants. A scientist identified a mutant fonn 
of enzyme Y that works pt()perly in photosynthesis and is- not inhibited by chemical X. He cloned the 
gene encoding the mutant form of enzyme Y and put it into a plasmid so that the gene call be transferred 
into some cells of a erop species. Figure 4A below is a diagrammatic representation of the process: 

(i) 

(ii) 

Figure4A 

[r®0]-
Infect crop cells and incorporate the 

DNA fragment into the crop's genome 

Describe tltlQ Steps taken to put the DNA fragment into the plasmid. (2 marks) 

The scientist then transferred the plasmid into the cells ofa crop plant using Agrobacterium. After 
the treatment, only some crop cells have incorporated wi!h the DNA fragment. 

(lJ Explain why only some of the treated orop cells have incorporated with the DNA fragment. 

(2) How can the scientist identify !hose crop cells that canied the DNA fragment? 

(2 marks) 

(3 marl<,) 

(iii) The scientist suggests that growing this genetically modified crop together with chemioal X applied 
to the field ca.'l greatly increase the crop yield. Ex.plain the reasoning for this suggestion. 

(4 marks) 
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2013(4) 

4(a) In th" p,u;t., diabetic palit!!1t,; wcru l"-'lllcd with in,a1lin obtained from animal pancreao,:,;. With adv,m= in 
n,eombinant ONA tccfa,ology, insulin i� now derived from geneti,;a.lly modHicd (GM) bactcr;:,. Below 
show, n possible s<:hemc for developing such o.GM bacterium: 

Step l: Isolate the hwno.n 
insulin gene and amplify it 
by?CR... 

Step :l.: ln>lct"I 1hc amplified 
gene into bacterial 
pJ113mids which are then 
introduced in,;o bacteria. 

Step 3: Screen .md cu\rure 
the GM bacteria that 
prodoee human ;nsulin. 

(i) Give two raw materials which nrc nccc,snry in Step I for the nmphflc.rtmn of the humnn insulin 
gene from a DNA template. (2 mnrks) 

(ii) With reference to the immune response. c.�plnin why in$u)in from GM bacteria i� U5ed instead of 
that cxtr-.ictcd fro,n animal paa.;n;a�. (4 marks) 

(iii) Exp��in ,�by produCl1,s insuli11 frum GM h>1cwria i.s ch..-�per tlmn �xtracting it from anim:r.] 
p:r.ncrc;>.s. ('.? in;u-k:,) 

(iv) To funher cut the cost of insulln production. a GM crop which produces human insulin ha.s recently 
been developed. However, an environmen\111 group i.s woITicd thn! growing .such GM crops may 
c:r.use g,enmie pollution. E.Xp\:iin wb.y growing the GM cr-0p� mny cuuse g<ltlctie pollution. 

(2 mnrksJ 

4(b) The diag(am below sh-OW$ lhe ONA fmgerprlni:. of five member.I ofa family, which eoMise of ll couple 
and thr« dlildrcn. One oftbc children is from the mnthcr•s previous m:irriagc. 

Moilicr Fnlher Child I Cbild 2 Child 3 

AO.jtlO 

(1) Based oo the infomwion above, dcduc.c which child is frum the mother', previous marriage. 
(3nwks} 

(ii) Although the other two children are the: biological ettildrcn of !he parenb slwwn, their ONA 
fil:lgerprini:. display different pattems. Explain why this is so, (3 m.irks) 

(iii) The different pancms shown in the DNA tingCl'])1'inling arc due to the p=ence of variable number 
tandem n:peats {VNTRs) oo human <:hromosomes. VNTRs are short sequences of repeMtd DNA 
-On the P011<()ding, region of chromosonu:s ;ind the nwnber ofVNTRs varies grctltly frum per.ton to 
person. �lain why a large number of variatio� can exist in VNTRs but fewer variations. are 
found in functional ge� (4 marks) 

2014( 4 a,basic genetic, b.mo!ecular 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) With reference to the principles involved in selective breeding and animal cloning, explain why 
animal cloning is a better method of preserving the desirable traits of an animal than selective 
breeding. (5 marks) 

(ii) Both selective breeding aru1 transgenic technology affect the gene pool of a species. Transgenic 
technology is more controversial than selective breeding. 

(I) 

(2) 

How would selective breeding affect the gene pool ofaspecies? (2 marks) 

Production oftranSgenic organisms is more controversial due to its effect on the gene pool of 
a species. Exptam why. (3 marks) 

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

-lAkb 
ONA fragment with part 
of the nonnal allele: CCTTAGG ••••• • ·• ....... ··•· • ......... CCTGAGGAG • ..... CCITAGG 

DNA fragment with part 
of the mutated allele: CCTTAGG ............................. CCTGTGGAG•····• CCITAGG t 

Mutation 

(i) How many restriction sites are found in the DNA fragment with the normal allele and that with the 
mutated allele res.pect:ively? (l mark) 

(ii) Based on the principle of gel electrophoresis, explain bow the cutting of the two DNA fragments 
shown above would produce different DNA fingerprint patterns ma gel. (4 marks) 

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

(iv) Explain why the gene mutation will result in the production of defective haemoglobin. (3 marks) 
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2015(4iii,b) 

4\a) Rend th<: fo.!1..iwing r,-=se und answl!l" the qucstwns m.at ,m,.,w «, 

'Bll:bbll: k;d' sucr�s pul5 :i:ene fhen1py !>.>ck on tr.i.:k 

\lfh� Nim, \v:ts. a 5-week..oM bub)� she had a condition called :it<'cre combined immuMdeficiency (SCIDi whid1 
is e;<.u:,--e,d by a faulty ADA �ie. This ;t:ne ori2,imitly <fficodes the en:Q'Jl\e adcrws.i� dc:tminase. The alr.:CJKe 
of dili ¢11zyi11,: will]� ro tile ae<:umu!:,;tion of1,:n:fos in wl1itc b!OOO edls :.md 6n:i.Uy kHI th,: cells. Aff=cd kid� 
hr.tvc tc iivc ma sio:rik environment :md they ure oftell ca!kd ·bubble kids'. 

Today, Nina is :i h:ippy girl wi<h a functioning immune �.:111.. She lus _gene therapy � :uid its 1at<:st 
fn:µm•1et11enf!; - to rtmnk for :;his. In the thcrapy, cells were �ed from Nina's l;om::: I\UlfrOW and gh'en a 
,vorl;ln.i; version of the ADA .gene, bcf()l'e being injcaed back into her bone mnm)W, After 5 month.-;, ha white 

; blO<Y.! cdl coum h.id nearly d-OUb-ied. anJ tod;)y her immune sysiem I', fully fonerional. 

(i) Witl> refcrenc.: to the rol,:::s of white blood cens, c:xphi11 why children suffqing from SCID haw lo 

(iv/ 

t1(b) (fl 

(ii) 

live in !I sterile e:1i.viromnen1. t2 111:irks) 

Why :ire cells from the bone m.m'OW instead ofWh-ite blood cells us.cd in Uie gene W:rnpy for SCH) 
ps11ieots1 (4 mt1rks) 

With reference to Nini's ca.� briefly describe 1,ow rccombimint DNA t.:chnol•)g)• is applied in g,:i,e 
rMt'll('y. G marts) 

$!)gge�1 the potential !'mz:trds of gene th<.T,1:py. {2 nmrk!l.} 

Bric-fly d�,;ribe �three major stl\o,� in,;olved in a FCR cycle, {J 1narksJ 

To 1cst heat resis;r;mce of DNA pol)'lllCITlSCS A and B, the polym� 1w:re im:ub-a!ed :1t differdn 
tempcr:llurcs !'cw JO minutes. Their rehti11e enzyme :\Clivitic..� as com.pr.red to the ma;;;.imum 
o.aivit}' of1h<: enZ,}llle 'W= mea,,ur�, Tl� l'CSlllt!; ::re shown in dt<: gpph bdow: 

� 

50 60 70 so 9-0 100 
lnculY.,;i,:m te;Jllp,._.T.lrur·e (�C) 

\ 1} Of th<:c three stngc::. me11ti<)J>o:f !n {i), which �r:::,ge require:; rl«: :iction c,f D:-lA pol)in,;r=·.' 
f!r11.\r".:J 

2016( 4b { ii. basic gcn1;tlc in ..::ompulsory) 

Bt crops were 0:11: ofth:: enr!)' t�sg�k plants produced to fight against p�� Thcv contain D Bt "ene th:tt ptodu,,:,_-s J ,.,hemica! (Bi <oxm) which is toxic to the !11rvae (caterplllars} ofilie pest_- "' 
(i) ln the protll.1ction l)f Br crops, soil bncteri:t are used to infect and ttansli Ille · · 1 Outline the steps that SOOuJd b taken -"'fy ,L • _ . 

onn orig:ma crops. 

Gi) 

c to m.,.,1 rne sod ba�rium in preparation for the infection. 
(4 marks) 

Many s,;ientists. are cona:mcd that the ova-use of & cro ·t• dute tt>xin Bl rcsismnce JS a result f . . ps wr ' pro Pests res1.stant to the & 
the �:'i!d type aUele (B) \/ a

fi 
���tHm m the pest$. The mulated aUde (bl is recessive to 

. • • � c-r ee mg on Bt crops, only the homozygous recessive {bb) 
�rerpitlars: em survivt:, To minimise rhe emergence of & ruistance. tticntists d'vided fnnnland into small areas. some growing Bt cro and th . 1 
bel,:,w; 

ps O m grown;g nonnal a-ops, as shown in the diagram 

(I) 

r==J Non- Bl a:rCll.'{ growing llOrmai crops 

It was foond tru!l. the mutated allele is very rare in the pest population. 

(I) Compare the population size of the adult pests found in the Bt !U"Cl!S :md non-Bl arc-as. 
(1 mark) 

(m Slilli: the gcnotype(s} oftbc adult� found in the & areas, (l mark) 
(HI) State Ihe genotype(s) of 1be adult pcst5 that make ,,,, the J,,m.- • · .i.. 

non-& areas, ..,.. -.,"""" propo:rti;)n m u..:: 
(l mark) 

{2) (I) fa-plain how this stnnegy (growing, crops in the above pi!ttcm) works· · • · · the cmergen-ce: of Br resistance in the offspring ofaduft pem. 
m m;1::: 

(11} wrui, is- the asswuption behind this �1rategy? 

'° 

Provided by dse.lifeProvided by dse.life



2017(4) 

4(a) A genetically modified (GM) salmon was approved for consumption in the: United Sto.1es in 2015. The
flowdmt below shows some simplified steps involved in the production of the GM salmon:

Step I Preparation of re(:OOJbinant DNA with a growth hormone gene from salmon species A

Step 2 Mkroinjettion of retombinant DNA into fertilised eggs of salmon species B

Step 3 Selection ofbomozygotl$ transgenic salmon for breeding ovrrse'o-erai generatiol'lS 

Step 4 Collection of diploid fertilised eggs from the selected �genie salmon

Step 5 Production of triploid fertilised eggs by «rtain treatments 

[ Step 6 Culturing of sterile GM salmon developed from triploid fertilised eggs in isolated lllllks 

(i) V.'hat is th¢ advantage of culturmg this type of GM salmon over non-GM salmon? E."iplain your 
answer. (2 marks) 

(ii) Microinjcction method is used in step 2. 

(I) Give one advantage of using tfie microinjection method 
producing the GM salmon. 

instead of viral vectors for
(l mark} 

(2) Give ont disadvantage of using the microinjection method. 

(iii} With reference to step 3, suggest two reasons why the selection was made over m-eral generations
rather than one generation. (2 marks,) 

liv) In step 5, the triploid ferttlised eggs produced co;itain three sets of chromosomes. 

(1) With referen« to the process of gamete formation, explain why the GM salmon developed 
from triploid eggs are sterilt. (2 marks)

{2) Explain why this can act as a safety precaution for protection of wild tifes. (2 marks)

.1(b) The dl:tgr:un below shows a plasmid with two :mt.ibiOti<.'.'. resisuum.:: gene� anJ three cm sites i0£ re.wi,;1ion 
enzymes P. Q .md R: 

Restrkt.ion enzyme: Q CUtS ac 
GAATTC
CTTAAG

Restriction ero:yme Rems at: 

g,mc for ampicillm re�isrance 
GIGATCC
CC TA c:G 

Re.stricti.on en;cyme P cuts at: groe for tetrocydine n::sisrance 
A'.A G CT T
TTCGA\A 

A student wanted to insert the following DNA fragment imo thb plamtid which w;is tlu:n U$ed ro tr.1:1Sform 
b3cterio.. Only prut of the nucleotide sequence -0nhe two ends of the DNA fragment is shewn: 

geni: of interest 

G GA A C TC TAGG ATC C' 
C C T T G A G A T C C T A G G 

\AGGATCCTTGAATTG( jT C C T A G G A A C T T A A � 

(i) Bas<d on the infonnation above, choose one restrietion enzyme to cut both tbe pfasmid :ind � 
DNA fragment sc thm the�·= b< suc=th\ly recombined togdber: Explain your answer, 

(4 m.arks) 

After transfomution. tbc: bactc::ri:1 were transferred to an (Ip! plate conmining_ amp.iet11in for 
u-kction, Explain the import= of Ibis :.rep, (3- ro:irks) 

(iii) For the bach:rial colMji:s formed on the: agar plate containing ompidllin. $00!C of them ba\>e
lttm<:ydinc n:sistano: while some do not. El.11lain tbis ph<::nomcnon, (3 marks1

Provided by dse.lifeProvided by dse.life



2018(4b) 

(ii) 

:,;;;r '){•f--

SG r ' 
l--

,0 f 

:,;:�./;/ J 
�< 

a�--------------'-

Mm-:,- ;il�nnd :,} :im:pJif:, ;; fr:.ig,<nzm uf DN!, ?CR.. Thc-
;,:nnc:;i.lfn:; of p.rimc-n: ,;luring fCR, The :;.:quen<:t:: 
UJrrespcndint, �equ.cuces. <>fngl<½ls: :md tl l).,"e- i>izl!ligh:d; 

n,g-ion l 

primer f - n.;.:icn n ™ 
;h0,:o tk 

below �i:d :hi 

TGGCGCT(,GG CGCA,,:rGCGC GCC,\TT!,CCG AGTCCQGGCT GCGCGTTGG·: 50 
GCGGATA.TCT ; CGGTAGTGGG ATACGACG!,T ; ACCGAAGACA OCTCATGTT.-'. 

(T1\GCGTG-G,\ CCGCTTGCfC CliACTCfCT-C ✓\GGGCCAGCC GG-TGAAGOG-C 

!',·1::_:-- :.,;ce,:d tb: fr:dlowmg phr .. ,i1id a;, -i vector 10 c:::my th.: PCR p:'.:duct t<) L�n:,form b;,;.::::cri;,, T/lc 
?i:'151"'.)d �c,71u.in,;;:::: 

..:II ampicdEn n,-:,;isr,1nce �: 
:i Z gens: an '!:'1zyr::1t:: rhu: e,:wn::r4� s:�b;ta.'lcc X. :� b'.'Jt comp0unr'.t; 

whbn the Z, gene. 

After :.'w tr.:u;�fom'caliun of tl1t- b:i.:::.tO'ia, M.zry 1.;rew !hz- tlaclcri;i tln agar pli1tc,: containing b0th 
amp\Cii!in ;,.:1J -;;u.t,s;:;::,t1:. X.. Bit1t :;m! whit'-" h;i,;:k-ri;,I .xi Ionics wcr,:: funned. 

(2) whkh :ype,: t<f SA�lwy (blu� 0� 1'.hitc:) ,;;orwiins n-:,n-rt«imbina:-n pla.:mritb, i.e. 
D\.'A ins,.:n:. (,:; m:trk.Ol
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2019(4) 
4(a) Samples of body fluids or cells collected from crime scenes can bt: ex:im!ncd with V}tTR-b:i.sed ONA 

fingerprinting. The diagram bt:tow shows the DNA fingerprints of body fluid snmplcs co!Jcctt:d from a 
crime se<::ne, :ind those of the victim and three suspea$: 

(i) 

(ii) 

(iii) 

Victim Body fluid Suspecl I Su,\pect2 S\JsJ)e:Cl 3 = = = = = - - -- -- -- -- - - - -- - - -- -- - - -- = -- -- - - -- -- - -
Bused on the above w..ults, deduce who is most likely the criminal among the three suspects. 

{1 mark) 

Explain why the ONA fingerprints of these suspccl5 showed di�ent patterns. (3 marks} 

Semen and blood stiins are body fluid =ples which C1lfl be collected from crime scenes. Kelly 
arid Ryan disagree about the suitability of using these body fluid samples for DNA fingerprinting. 
Below is their conversation: 

<l) Impossible! Red blood 
cells have no nucleus, How 
can blood stains be used in 
DNA fingerprinting? 

Kelly 

� No problem, blood stains can 
be used in DNA fingerprinting! 

o; However, I !hi:nk S<;:mcn is not 
suitable for DNA fingerprinting becaus<::: 
sp.:rm cells :ire haploid cdls. Their 
D:-.rA fingerprints v.ill be different from 
those produced from diploid uUs. � 

Ryan 

(1) ls Kelly or Ryan right about whether blood staira can be used for DNA fingcrpri:.tlng7 
Explain yourunswE!f, (2 m:irks) 

(2) Do you agree with Ry.m's comment ab-Out the suitat>ility o-f 1.1.�ing semen for ONA 
fingerprinting? Explain yo-ur answer. (4 marks) 

4(b) A scientist discovered a bacterial species capable of secreting a protein. This protein is toxic to insects 
that damage the roots of a certain crop. The protein is encoded by gene K. Toe scientist used 
polymerase chain reaction (PCR) to amplify gene K Toe diagram below shows some PCR processes: 

g,neK 
Double-stranded 
DNA 

Process 1: 

Process Il; 

Process lll: 

(i) 

(ii) 

(iii) 

(iv) 

prinm -
primer """""" 

\\lb.at is Process U? 

n 
Draw a simple labelled diagram to show the expected PCR product. 

pruner 

pnmcr 

(I mark) 

(2 marks) 

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

The scientist wanted to transfer gene K into the crop by using Agrobacrerium (a soil bacterium). 
Explain why Agrobacterium is suitable for transferring Ulc target gene into the crop. (2 marks) 

(v) The cultivation of this transgenic crop was found to produce higher yields than its non-trans�nic 
counterpart. Suggest an explanation for thls. (3 marks) 
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2020(4) 
4(a) 

Key: 

Studv the diugrams belo܀, Diagram X shows a DNA segment with a targct gene. Diagram Y shows n 
pl�d wilh a size of 4 300 base patrs (bp). The rouiction sites for restriction ai?.JTilCS F:coRJ, Pstl and 
Hindlli are shown in both diagrams. 

y 

,, 
y 

(i) 

Diagram½ 

700 bo ,, 
UGMJU 

iOObp 

r,.,striction site for Ecoru 
restriction site for Pstl 
restriction site for 1-!ind!U 

A antibiotic P 
rcsist:mce scne 

l)iagram Y 

4 .;oo hp 

A sn.tdem plans to inS<:.'1: the target gen,; into the plasmid and scr.ecn th<e transformed M.ct<:ri:i wi1h 
antibiotic P. 

(1) Which restriction enzyme should b,: w.cd for 1bc inscnion� Explain }'Ol!r Jn;;wcr. (:; marks,! 

(2) State another type of enzyme which is requir.:d to complete the insertion. (J mtrk) 

After transfonnation. screening and culture, the plasmids from dlffcrcnl colonic� w�,-.:, han-ested 
and ,;ut using ct1Z}TI1C Hi1idIIt Gel electr0phoresis was then condu1:ted lo check the size of the cul 
plasmid$. The diagmrn below shOW5 Lwo types of DNr\ band ob rained: 

DNA markers colony P colon)' Q colo11y R colony S = = = = 
6 000 bp -
5 000 bp 

4 000 bp 

3 000 bp 

:! 000 bp 

J 000 bp 

(1) 

bandB b�d8 - - -
band A bandA ----

\Vhich band (A or B) repreSents the plasmids wirh rhe urgct gene?" Explain your answ�r. 
(31narh} 

Explain why two types of DNA band were dct,;cted in 1hc cut pl.i.�mids after �d 
electrophoresis (3 mark�J 

-l(b} Traditional diagnosi;; of Down Syndrome requires the collecti<m ,:,f foetal tissue, The recent discovery of 
cell-free foctal DNA in maternal blood has opened up new possibilities for diagnosis. Cell�free DNA are 
fragments of DNA released into the plasma from the d,:gradation of normal celk The diagram below 
shows a fo.:tus and its associated structures inside the mother's body: 

(i) 

(ii) 

Key: 
:)C".1::, <-ell·frx 

,_ matcrn:il DNA 
cell-free 
foetal DNA 

C 

\\'ith refcr,mce 10 the abo.:e diagram, \\-hich labelled structure docs the cell-free foct:il DNA come 
from? Explain your nnsw.:r. (:! marks) 

In the mau:rn«J plasma, cell-free foetal DNA is only a minor proportion of the total cdl-free DNA. 
Sugge�1 a techniqUe for enhancing the detection of vo:ry small amounts of ce!!-free !octal DNA in 
matemal p!:isma, Explain your answer, {2 marks) 

(iii) Nowadays, the identity of the genes in the cttl·fr�-e DNA can be found through DNA sequencing 
and mapping against human genome databases. 

(I} Sck:nli$ts propo,,<!{i that Down Syndrome could be diagnosed by comparing 1hc frequency of 
occurrence of t:h"' genes found on chromosome 21 and another autosomc in the cell-free 
foetal DNA. Based on your Ullderstanding about Down Syndrome, explain the biological 
prindple inۿolved in this method. What would be the expected results? C. m..1rksJ 

(2) Suggest twa other possible applications of the rt.-sults obtained from DNA sequencing. 
Explain the pr:incipk ofc-ich application, (4 marks) 
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20 l 9(2bjv, v) 

4(bJ A scientist discovered a baclcri:al species capable of secreting a protein. This protein is toxic to insectS 
that damage the roots of a certain crop. The protein is encoded by gene K. The scientist used 
polymerase chain reaction (PCR) to amplify gene K. The diagram bdoЀ shoϿ.'.S some PCR processes: 

Doubk-stranded 
DNA 

Process II: primer 

Process III: primer 

(i) \.\'hat is Process m 

geneK 

ll 

(Ji) Draw a simple labelled diagram to show the expected PCR product. 

pnrner 

(I mark) 

(2 marks) 

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

(iv) The scientist wanted to transfer gene K into the crop by using Agrobacterium (a soU bacterium). 
Explain why Agrobacterium is suitable for transferring the target gene in1o the crop. {2 marks) 

(v) The cultivation of this trarugenic crop was found to produce higher yields than its non-transgenic 
counterpart. Suggest an explanation for this. (3 marks) 

bios::thics 
2012 (4b)(ii) 

A 25-ye.ir-o!d athlete, Keith, had nerve damage and became pmalyzed. In view of the difficulties 
associated whh tissue transplants, he proposed cloning himself. using the method used for Dolly the sheep, 
so as to get a nerve for transplantation. He discussed his idea with a scientist. 

(i) Give Ma problems associated with conventional tissue transplants. (2 marks) 

(ii) Keith's idea could not be put into practice. State <me ethical reason to explain why not. {I m:itk) 

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

(1) State one place in Keith's body where stem cells c:m be obtained. 

(2) Describe how stem cells may be used to core Keith. 

(3) Describe IWO limitations. of using stem cell therapy in this case. 

(l mark) 

(3m&ks) 

(2mad.:s) 
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Technology in Modern biotechnology 
SPP24 
4.(a) {i) (t) a plasmid is a >ma.II cil'cufar piece of c;,:trachromosomil! DNA in bacterial cells 

(l) 

(21 p!a.�mids c.in be taken up b} hactcrli\l cells becau�,.. of their sm.:ill size ( I) (2) 
plaomids C0l1fain sde,;:tive markers e.g. antibiotic resistince genc(s) whicb allow 
scre,..riing for the transformed bacterial cello (I) 

(ii) the samt restriction enzyme wotlld produce the same sticky ei\ds in the target humru1 (2) 
gene �nd in the plasmid (1) 
so th:u the cleaved plasmid and the target gene can be ligated togerher by 
complcmenory base pairing betwetn the unpaired bases in thdr sticky ends {I) 

(iii) introduct the rC>:ombinanl plasmids into �rnne bacteria! cells/£. coli ( I) (max. 4} 
select tile trnnsforme<l bacteria b) culturing the bacteria on m1trienr :i.gar coni:,ining a 
specific antibiotic ( !)
mass culiurc the tr:msformed lx!ctcriol ce!!s (1) in .t nutrient medium contuining th10 
antibiotic 
induce th,.. '=Xpression of the gene that enCtJdes t11e clotting protein (I) 
,;xtrncl :md purify the c!oIDng proteins produced (1) 

(iv) Anv twc, of the following: 
larger quantities of(he dottlng proteins can be produced (I) 
lower rl.,k of infection by blood borne diseases ( l) 

(1) 

1.::.s side effects due to higher purity oftbc clotting proteins ( J) 
I ToL1.l: 11 marks 

�.(b) (i} extract DNA san1ple from the individual (I) 
use rc;trktfon enzyme to cut t11c sample into fragments (1) 
sepa:r..ue the fi-agmcrns ofd1fferent s\zes using electrophoresis (1) 
mo.tch the DNA fingerprint p.:i.ttems berween lndh·idu,ils under >1udy (1) 

(accept other correct a!tem:iti\·t.��) 

(ii) (I) 

(2) 

? is the f;itJier / parent of R (l) 
the band� of R o.re either ,;ommon to those of P or those ofQ (J ), indicating !hut 
P and Qare R's parents 

S{!) 
lhere are bands in hL� DNA fingerprint thllt are found neither in the DNA 
fingcrprlnt ofP nor that ofQ (I) 

(iii) Anv one -0fthe folh\win,,.: (accept otller correct alternatives) 
as a :'o�.sk tool for identifying suspects.' victims i humnn remains/ missing persons 
(1) 
oppEC;!tion� in pal�c,:,ntology (I) 
up�\ico.•ie)M in arcb�eology (I) (e.g. matching fragments of the 0-m! Sc:i Scrolls) 
appii,;c.r:o:H Ir: ;ncdic�I dfil�ilostics (!) (�c;reening p:itients and foetuseo for inheriwd 

m'<.1:,..,\-,'.n;o��""l UJ�or$ 
L.-<� :isl.ii::; i:..� p.v,<. .. -.--, wr:iposition of foods 

91l 

(4) 

{2) 

(I) 
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PP P2 4b 
4.(b) (i) Ai 95"C, the eompkmentary stands Āf DNA are separated into two single DNA sunnd�. 

At ss�c. primers are anneal<!d to the s.ingle strandOO DNA templates by ct1mpkmcntary ba-.e­
pairing. 
At 72"C, DNA polymerase adds nudeotilles to {the 3· t>nd of) the primers to syntht-sisc the new 
DNA. 

(ii) (!) PCR amplifies the small :1mount of DNA present in the hair follicle for further analysis. 

(2) The products of PCR 1m: si.:pamted by gel electrophoresis into band<, .a.;cording to their 
molecular masses/ sizes. 
The banding pattern produced after gt! electrĀphoresis is tbe "DNA rmgcrprint' of the 
owner of the piece ofhair. 
The DNA 1inge!J}rint is then compared to that of the SUSJ)CCt to see if they match. 

Positive matching can be used as cvid(!llce a�"t the �l)cet as the DNA of an 
individual is unique. 

(iii) (I) As shown in the analysis. the marker in the GM maize will alwoys show up in a DNA 
analysis. 
This allows maize ce!ls which have been �uceessfu!ly itll:orporated the desired foreign gene 
ttransfonncd maize cells) to be screened for use. 

(2) faample: GM rice that contains a preeur:sorofvitamin A ijkarotcne) \.,. 
lbe incidence of night blindness among people living in poor countri� c:1n be reduced if 
they are consuming this GM rice. 
(Accept other correct alternatives.) 

(3) The GM plants may dispen;c away from the farmland. They may out-compete other 
native plants and upset the ecological balance. 
The toxin may accumulate along the !bod chain and cause poisoning in consumers in the 
higher trophic levels 
(Accept other correct alternatives.) 

2012P24a 
4. (a) (i) cut the DNA containing the gene encoding enzyme Y and plasmid with 

the same restriction enzyme to produce compatible sticky ends (I) 
join the enzyme gene and plasmid togethe-r using DNA ligase (I) 

(H) (I) Any two of the following.; 
in constructing the plasmid, some cut plasmids joined by itself to 
restore the original fonn without picking up the DNA fragment (!J 
in tr.msferring the plasmid to plant cells, some bacteria did not pick 
up any plasmid at all (1) 
the bacteria did not infect some of the crop cdls (J) 

(2) grow all the plant cells on an agar plate with the aÿtibiotic(!) 

OR 

only those plant cells that has picked up the functional p!asmid can 
survive (I) 
as they contain the plasmid with the antibiotic resistance gene (I) 

eut the DNA obtained from the plant cells with restriction enzymes 
(l) 
amplify the DNA fragment using PCR (I) 
run a DNA electrophoresis to check for the presence of the DNA 
fragment which has been inserted iÿto the plasmids (1) 

(iii) • when applying chemical X. pl3nts that are nor genetically modified / do 
not carry the gene encoding. the mutant fonn of enzyme Y cannot survive 
(l) 
on the other hand, the GM crops can survive (1) 
because these GM crops produce 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 groMh (1) 
thus the crop yield can be increased 

(l) 
(l) 

(max. 2) 

(l) 

(l) 
(l) 

(l) 
(l) 

(I) 

(l) 
(l) 

(l) 

(l) 
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1013 P14 2014 P2 4 (a➔basic genetic, b➔mo\ecular genetics in compulsory part) 
4. (o) (i) primer;; ( I) 4. (•) (i) selective breeding involves sexual reproduction / fusion of gametes (l) 

deoxyribonucleoside triphosphates (d!\'TPs) (l) (2) which produces offspring with genetic variations (I) 
as a result, the desirable traits may be diluted {l) / desirable traits may 

(ii} insulin produced from GM bacteria has the sam,: amino acid s.equ1."0ces as not appear I undesirable traits may appear (5) the insulin produced by our body (l) • however, the organisms produced from doning are developed from
• so that the patient's immune system docs oot nonnally produce antihodics mitosis of the cells from desired donor(]) 

against the insulin after injection ! rejection on 1he insulin OCCill$ (I) the organisms prodi.«:ed are genetically identical to the donors (l ), so
whereas the amino acid scqm.·ncc of animal insulin is slightly different (4) a!! the desirable traits will be preserved 
from that ofhu!U:)n insulin fl) (ii) (I) as only individuals with desirable traits were selected for breeding 1hu$ som,: patientS' immune sys.tans produce antlbodfos against it co while others were not perpetuated (1), degrade; inactivatt: J lower 1he .:ffe(.1 of insulin ( I) the genes for the undesirable traits will be eliminated from the (2) 

gene pool evi:mually (1) / the gene frequency of Lfie desirable 
(iii) due to the high growth rate of bactt:ria, the product yit:ld from GM traits will increase I undesirable l!aits will decrease 

bacteria is much higher than th:n from animal pancreas b.:-causc. it takes (2) the desirable genes may be taken from a different species (1) / long time 10 rear animals (1) may not naturally occur in the organisms to be transfonned insulin .:an. be produced continuously from the bacterittl culturr: whereas (ITIJX. 2_) as a result. new genes will be added 10 the gene pool of a species 
each animal C3ll provide only a limited amown of animn.l pancn:a.<. ( ! J (I) (l) 
the cost of purification of insulin from bacteria! eulturc is lower than this may produce superior species and pose threats to other species 
that from the animal pancreas ( l) as it is. !cSS complicatt.-d I the long term effect is not yet known I this may create new 

species artificially (I)
(iv) GM plant$ :.re often grown out in the open areas (I)

thus. polk-n grains from GM plants moy pollin:ne other non�GM crops and (2) (b) (i) No. of restriction sites in the DNA fragment with normal allele: 3 
(I) are spread ro other plants (I) No. of restriction sites in the DNA fragment with mutated allele: 2 

(b) (i} • child 2 (l) (ii) oft� cutting with the restriction enzymes. two short DNA fragments 
becaµsc some of the bands resembles the pattern of the mother ( l) (3) will be produced from the DNA fragment with normal allele (l)
while ihc other bands cannot be found in the pattern of the father(t) and one long DNA fragments will be produced from the DNA fragment 

with the mutated allele (I)
(4) 

(ii) • they are resulted from fusion of different gametes J random fertilization as the DNA fragments will migrate to the (positive) pole in gel 
electrophoresis (l) ()) • DNA fragments with shoner lengths will migrate faster than those withdue to independent assortment / crossing over of chromosomes ( ! ) (>) longer length (I), forming separate bands oo the gd each·!,ramete bc.lrs: different copies of chromosomes from the p.i.rents 

(I) (iiJ) • three ONA bands (1)• as the person !ms both the nonnal allele and the mutated allele (1) / is a (2) 
(iii) as VNTR.s arc located in the non-coding region of chromosomes, any heterozygote 

mutations do 001 affect the survival oft.he organisms (l)
and the mutations can pass on to the next generation (1) 

(4) 
(iv) change in a nucleotid� in the base sequence may lead to a change in the 

mutations in functional genes, however, may lead to expression of triplet code (l) 
non-functional proteins I failure of expression of these genes (I) th\JS may change the amino acid sequence of the protein produced (I) (3) • which may affect the survival of1he organisms (I) as a result, the protein produced may fold to a different shape (1) and 

therefore, variations ofVNTRs pass on from generation to gcricration lea.ding lose its function 
to huge variations 
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2015 P2 4a iii 
(iii) a vector is used to carry the working ADA gene (1) 

2015P24b 
(b) (i) 

it delivers and inserts a working ADA gene / normal gene into Nina's 
genomc/cell(l} 
this inserted gene is expressed to produce a functional protein / enzyme 
(1), which should overcome the defect 

DNA molecules are denatured / separated / unwounded to fonn single 
strands at the DNA dcnaturation stage (1) 
primer with complementary bases anneals to the single-stranded DNA 
molecule at primer annealing stage (l) 
complementary free nucleotides (dNTPs in PCR} join to the primer 
accordingly to extend the DNA molecule at the extensfon stage (l) 

(ii) (l) extension stage (J) 

(2) as all enzymes and substrate are added at the very beginning, 
enz:wes used it1 PCR cycle should be able to \\ithstand high 
temperamre (-90"C) during the breaking of DN1\ molecules to 
single strand (1) 
the results show that DNA polym�-rasc B still has a high relative 
activity even after incubation at high t..wperaturc (l) 
while DNA polymerase A loses most ofits activity {I) 
thaefore DNA polymerase B is more suitable (I) 

(iii) • amplify the DNA for genetic testing such as parentage ! forensic 
application I detection of specific gene sequence (e.g. genes of genetic 
diseases, genetic markers of GM food} (I) 

(3) 

(3) 

(l) 

(I) 
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2017 P2 4 (a iv➔Cell cycle) 

4. (a) (i) 

(ii) 

(iii) 

(1) 

The GM salmon have an additional copy of gene for producing growth 
homione(I) 
therefore they shouJd have a faster growth rate / can grow to a larger 
size in a short time (1) 

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

(2) • the insertion of the recombinant DNA into the genome of 
fertilized egg has high failure rate / can cause damage of the 
fCJ'tilized egg / time consuming as only one fertilized egg can be 
targeted at one time (I) 

Any two of the following: 
to ensw-c that the transgcne is inheritable over generations (l) 
and the gene can still be expressed I exert its effect after generations of 
inheritance (I) 
to produce salmons which are pure bred/ homozygous for the trans gene 
(I) 

(iv) (l) the three sets of homologous chromosomes fail to pair up (1) 
during meiotic cell division for gamete formation 

(2) 

so low number of viable gametes/ no gametes can be formed (1) 

to ensure that the GM salmon cannot breed with wild salmon (1) 
to avoid passage of the trans gem: to others even if they escape to 
the wild (1) 

(2) 

(1) 

(I) 

(2) 

(2) 

(2) 

(b) (i) use restriction enzyme R to cut both the plasmid and DNA fragment (I} 
slllce restriction/ cut site of R can be found at both ends of the DNA 
fragment (1) 
as a result, two sticky ends / single-stranded DNA ends will be 
produced at the plasmid and on the DNA fragment (1) 
which are oornpJementary (I) for insenion ofthe DNA fragments into 
the plasmid 

(ii) it can be used to select bacteria that contain the plasmid I has � 
transformed (l) 

(iii) 

2018P24b 
(bl (i) 

(ii) (ll 

OR 

because bacteria that have successfully picked up the plasm.ids will 
possess gene for ampicillin resistance (1) 
thus they can survive on the culwre plate containing ampicillin (I) 

it can be used to elixninate bacteria that do not contain the plasmid I 
have not been transformed(!) 
because baereria that have not picked up the plasmids will not p0S$CSS 
gene for ampicillin resistance (I) 
thus they are killed on the culture plate contai:aing ampicillin (1) 

after insertion of the DNA fragment, the tetracycline resistance gene has 
been interrupted/ is no longer functional/ cannot be expressed {I) 
therefore, bacteria that have picked up the plasmids with successful 
insertion do not have tetracycline resistance {1) 
while bacteria that have picked up self�lig.i.ted plasmid / plasmid which 
has not been cut / plasmid without insertion still possess tetracycline 
resistance{l) 

St�gel(l) 
the 1em?<rntir� is: h,J;h enough(\) 
to l>re-�k the hydrogen bunds b�twe�n th� two svands <;1f double helix 
DNr\flJ 

Primer!: C(,,GD\GTGGG A1ACGACGAT (l) 
J>rln,er !!: TGITATCCGC TC,\CAATTCC ( I) 

3SO��p�ir,;{lJ 

OJ 

0) 

(1) 

(iii) (I) tv scr<><cn Lactcrfa whicll huv� picked up plasmids during 
tran�format;on (I) 

OS 

(2) 

as the�ei bacteri� h.:iveth� pl:ismid with :unpicillin r�sist:10: gene, 
they Clltl surviw <;1n agar plaies will:! ampidllln {I) 

tc eliminate bncterfa th:i! do not h�ve the plasmid / arc not 
tl':msformeJ [I) 
as thq do nol h3ve ilie plusmid wiT.h am;,idllin te.scistant gene. 
thcy :m, killed �y theampicillin in !he ago:rplate{l) 

blue cGlonies (t) 
for bactcri:i which h;ive pitl:.00 up the pla.smld without DNA 
i11.1ert, ilie Z gene r.main, intact(!) 
as a ro.ult, these bacteria / plasmids produce the enzyme (l) 
which conv�n sul:ismnce X to blue compound�(]), resulting iTI 
blue colonies 

(4) 

(4) 

(3) 

� 

(3) 
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2019 P2 4 (a iii➔Mo!ecular genetics, b v➔Plant) 
4. (n) (i) 

(li) 
suspect 2 whose DNA fingerprint shares the same pattern as the body fluid's(!) 
as the numbt-r of times the sequence repeats is highly variable f polymorphic/ diffort-nt ttmong individuals ( l) and different number of rcpa1ts rcsu\L-<; in different lengths of DNA fr:igmcnts a!kt cutting with �-ultablc cnzymi..-s { l} since different lengths of DNA fragments migrate with diffcn.-nt speeds in gel electrophoresis (1) tht."rd0re. diffcn.'llt bands of DNA fingerprinting which is unique to indiV1duals can be shown 

liii) tl) Ry:in's id1UI is right{ l) 

(b) (i) 

(iii) 

(iv) 

M 

(2) 
bccau� blood smins contain white blood cdls which have nucku$ / has 01hcr nuckat.:d cells ( 1) 
Ryon's idc11 is wn,mg ( ! ) 11lthougli one sperm cell only cont.iins one ;;,::t of chromowmcs { I J thcrt arc m.iny sperm cells in semen. and e..id1 recciv�"$ chromosomes randomly through meiosis from their diploid mother cells (1) thus. the sperm cell lysate formed n col!cction of chromosomes containing both sets of chromosomes from tth: diploid mother cells (I) 

primer annealing ( I J 
diagram showing double stranded DNA ( 1) ;md the position of primer:; (I) primer 

,:)_,;1_·, :_s_+:_v_w_.,1 
_________ �lfo"11j"t)h'¾l:lt¾i'·�s1� ���e-�trnndcd t primer 

shorter primers have kss combinations of base sequences (1) there is a high chance of annealing to wrong positions of the DNA strarid (I) thi.."reforc. DNA strands of illffercnt sizes are amplified 
the Agrobacrertum coniains plasmids for target genes W be inserted (I) the Agrobacterium can infect crop cells (l) and tmns.fcr the genes of the plasmid 10 the genome of the crop cells 
with the presence of gene Kand hcm:;c its toxic proteins, the root system oftransgenk crops is less likely to be attacked/ damaged by insecis (I) therefore their root system ron: absorb more nutrients f water from soil }- ll11Y one {l) provide bcuer anchorage/ �-uppon than their non•trunsgenic counterpart therefore the crops can grow to a bigger size/ grow better/ suppon more fruit formation f store more food (I) 

ii I 
(2) 

(2) 

(3) 

2020 P2 4 
(I) 

(3) 

(4) 
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Applications in biotechnology 
PP P2 4a 

4, /a) (I) Bone marrow stem 1.1:lls arc capable of differentiating in10 lymph.x::1cs so 1h�t the patients .:.in bi.: 
protet."tcd again�t infections, 

{ii} Som:l:ric gt:ne th<.>rapy works by inserting a normal gcrn: into i.he patient's cello. to CtllT"1::t the 
gt!neric disorder by compensating for the ma!functioriing i,;ene tLe. production of !}mphocyte,; = be rcsumOO in this case). 
Advantage: no n.:-ed 10 wait for a matching donor for the bone marrow cells; no prob km of 
n:ji.-ction 

(iii) All the cdls in the oflSpring will contain thi.: nomml gene if g¢rm-Linc t!H..-rapy is employW. 
However. only the body cells having the iMCrwd gene :ind their daughter cells '>till havc the 
normal gene in ;.omaric gene therapy. 
\\�lh genn-linc gen\! thcn1py, the normal gene ean be inheritc.l by the ,rnbs<."qui.-nr gem:rations. 
However, the normal gene obtained by somatie gene thcrapy is not inh1.-rit:1bk. 

(iv) The de:;imf gene c:mii.-d by the vector virus is mndomly inserted into the pati�-nr'� y.cnome. 
This dc:sircd gene IThlJ be inscrte<I into the DNA sequence of another gene and affee! the 
expression of that gene. 

2012 P2 4b i, iii 
(b) (i) the immune system may treat the transplanted organ as 'foreign', 

resulting in rejection (I) 
have to wait for long time for a suitable donation/ no enough donors (1) 

(ii) illegal to produce a human clone / wastage of many embryo during 
cloning / killing one person to help another person is morally not 
accepted ( l) 

(iii) (I) bone marrow (1) / dennis of skin / umbilical cord blood or 
embryonic cells which were obtained long time ago 
other acceptable answers 

(2) the stem cells proliferate to increase in cell number(!) 
then they are differentiated imo nerve stem cells ( l) 
which is introduced to Keith's body to repair the damaged tissue (1) 

4. (b) {iii) (3) Any rwo of the following: 
not all adult s:iem cells a.re identified (I) 
the conditions for culturing stem cells have not been figured out (I) 
some stem ccll continue to prolifer.u:e after transplant and become 
cam:ercells (J) 
the conditions needed to initiate the differentiation of stem cells into 
specialised cell types have not been figured out {I) 

(I) 
(I) 

(1) 

(I) 

(I) 
(I) 
(1) 

(max.2) 

2013P24aiii 
{iii) d�e to tht: high growth rate of bacteria, the product yield from GM 

biictcda i.s much higher than thut from animal pancrem: because it takes 
long timt! to rear animals ( I J 
insuli11 c;m be pr◊duced continuously from the bacterial culture whereas 
�ch animal can provide only a limited amouru of animal pancr.:as ( 1) 
the cost of puritic-atlon of insulin from bat.1erial culru.re is lower than 
thm from the ;mimal pancreas ( l) il!i it is less complic:ue-d 

(max..2) 

2015 P2 4a (i➔lmmune system in compulsory part) 
4. (a) (i) Any two of the fo!lo\\-ing: 

white blood cells are responsible for recognizing pathogens (1) / fureign 
cells 
and production ofaodbodies to fight against pathogens (l) 
and kill the pathogens (I) 
without these roles, the kid is more susteptible to infoctions (l) 

(ii) cells from !:>one marrow are stem cells forprodudng white blood cells (I) 
onre the working gene is insencd into these stem cells. the cells can 
divide and produce white blood cells that carry the working gene (I) 
hence, this provides a long�term cure to the disease {I#) 
on the other hand, if the working gene is inserted into mature white blood 
cclls, the working gene is lost after their death (I), therapy has to be 
re�ted from time- to time 
thus its effect is short�Iiv1.-<l ( t#) 

(# mark to be awarded once-} 

(lH) a vector is used to carry the working ADA gene (I) 
it <ldivers and inserts a working ADA gene / normal gene into Nina's 
i;enome I cell (1) 
this inserted gene is expressed to produce a functional protein / enzyme 
(I), which should overcome the defoct 

(iv) Any rwo of the following: 
_genes may be inserted at random locations in the genome which may 
caus!.\ harmful mutations to th!.\ DNA (I)/ fuilure of the expression of 
essential genes 
the mrget genes may insen regulatory sequences that trigger the 
expression of nearby gen1.'S leading to cancer {like leukaemia) ( I) 
some patients may show an immune reaction to the vector {I) and reject 
the gene product 
viral v¢etor may regain the ability to cause diseases (1) 

(2) 

(4) 

(3) 

(2) 
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2018 P2 4a (i➔circulatory & immune system) 
4. (a) (i} Any two of the following:. 

(ii) (I) 

(2) 

it has to he performed regularly {J) 
risk of contracting infectious diseases via blood transfusion (1) 
iron accumulation/ dep-0sition ii::. the liver may OttUr (I) 

stem cells have the ability ro divide and reproduce new cells (I) 
differentiate into liver cells with normal functions / so cells with 
ability to produce the blood clotting protein will be produced in 
lohn for his lifetime (1) 
as the transformation / transfer of the i.rene by viral vector was 
Cfil'riedoutoutside John's body(!) -
the risk of having the viral vector triggering immune response in 
John is removed (I) 
eel! cult\JJ"C allows the selection of tnmsfect.ed cells which can 
successfully produce the protein for transplantation f which are 
free from otherabnonnalitfos (I) 
this elimir.ares the risk ofhaving the gene inserted into the wrong 
position and fails to express / causing cancers I disrupting other 
functfoning of the cells (I) 

(2) 

(2) 

(4) 

2019P2biv.v 
(h) (iJ 

(ii) 

(iii) 

(iv) 

primer annealing (I) 
diag.mm sl1owing double stranded ON.'\ tl) and the position of primers 
(] i 

pnmcr 

--------------�---'7 dooblM"""dcd 
r jSDNA 

primer 
shorter primers have k'Ss combinations of base S(..'qttcnccs (I) 
there i� a high chance of annealing to \Hong p<Jsilions of the DNA strand 
(l) 
therefore. D)JA strands of different sizes arc amplified 
the Awobacrerium contains p!a�mlds for 1arget genes to be inserted (I) 
the Agrobactcrium can infect crop cells (I) and transfer the genes of the 
plasmid to the genome of the crop cells 

(v) wi1h 1he presence of gene Kand hence its to:.:ic proteins, the root system 
of transgenic crops is less !ikdy 10 be attacked/ damaged by ln.�ccts (I) 
therefore their root system can: 

Bioethics 
2012 P2 4b ii 

(ii) 

absorb more nutrients. i water from soil 
provide beth..-r anchorage; support 
than their non-transgenic counterpart 

}- anyone(!) 

thcrdorc the crops can grow to a bigger size/ grow better I support more 
fruit fonnation I store more food (I) 

illegal to produce a human done / wastage of many embryo during 
cloning / killing -one person to help another person is morally not 
accepted (I) 

(I) 

(2) 

(2) 

(2) 

(3) 

(I) 
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