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Dear Participants (2td o 2{2)
e In this test, you have been given the following task:
O] AlO M= Ch22el N E o2 20A MSe A YLt
Task: Gene mapping by restriction endonuclease digestion of DNA fragments
Part A. Confirmation of insertion of human DNA in a cloning plasmid. (80 points)

Part B. Determination of orientation by which the fragment is inserted. (20 points)

0bH|: DNA 2Ho| Motz 2 ZEOf| olgt 7% X = &g

THE A B2HADIE 224 YEO| s AL DNA| &9 SOl
THE B, HHO| OfH WHO 2 MALYEK Y B,

o Use the Answer Sheet, which is provided separately, to answer all the questions.
22 Mo HYUXE 0| 8diM 2= = X0 BSHA 2.

e The answers written in the Question Paper will NOT be evaluated.
ZHXoff £ &2 xHFE5HX| sl ot

e  Write your answers legibly in ink.
HOoZ 97| g SAZE HE AN,

¢ Please make sure that you have received all the materials and equipment listed for each task.
2 MM S22 MAlet de Mzet 7|77t i fI0 25 50| JA=X| =HQISHAI2,

¢ If any of these items are missing, please raise your hand immediately.
O] 2= J0M O{=5tLtEt: Qle B3R 0= FAl &2 EAR.

e Stop answering and put down your pen IMMEDIATELY when the bell rings.

T2E 2= 30| 22T FA otV HFD HE M 0 L 3242

o Atthe end of the test, place the Answer Sheet and Question paper in the envelope provided.
Our Assistants will collect the envelope from you.

Algdol 2t =0 EetXe EMX|E MET SF 20| E2A|2. =uJt S£EE +7

mot

A YLICE.

Have fun and Good Luck! ©
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Materials and equipment (X{Z % 7|7)

Materials and equipment Quantity Unit
™Mz A7) +=%) ()

restriction endonuclease RE1 (Ndel) (kept on ice) tube
oy 4l

(Mlet=2 4 REL (Ndel) (E20l E2t=0 AS

restriction endonuclease RE2 (EcoRI) (kept on ice) tube
(HI$H& 4 RE2 (EcoRl) (220 2 BE0f UL) 4u

DNA test samples in enzyme buffer (labelled T) (on ice) tube
(BA AN 2A A= DNAHHE AR TE BAIE RE) 10 pl x 4
(30f =22

miliQ water (labelled W) tube
(524 W= EAH S5 !

DNA electrophoresis gel tank and power supply Set
(DNA §7|¥S S|t HAFK) ! HE)

micropipettes and tips in boxes (p10, p100) piece

2

(OFO| A = mbo|=lut & (P10 1t P100)

Stopwatch (25 Xl) 1 piece

DNA ladder (as internal size markers, L1 for 100 bp range and

L2 for 1 kbp range) (on ice)

(DNA 27| O} L1 -2 100 bp #9011 L2 = 1kbp 2 tube

(820 22

DNA loading dye (blue in colour) tube
[DNA X|A[GAMH (2T CFO[) — FE Q| mEHA g ol !

pre-cast gel in holder (already placed in running buffer) piece
(Ol2] THS0I7 H: H7|YS EA AN US) !

large petri dish (for placing the gel for imaging purposes) 1 piece
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(2 HEZ| AL B AIZIE B7| 2l &)
card with your country code (in a clip holder): for signalling for
assistance
(27t Hiz7t M3l te - 28 200 g, Znol £30| piece
Zagmj ALE)
floating rack (labelled with your country code) piece
(E0 =g =+ U= FE RO Z7HEHS 7 HEAFO] UAS
micro-centrifuge  (OFO|3A 2 FEE& |AMEZ[7)) set
water-bath 37 °C (there is one assignhed for your usage)

(B2 4+ 37°C: A% AR 2= X|HE O] 9US) set
gel doc (there is one assigned for your usage)
(2 ARZ EK: 24 AR BRI XIYE O US) set
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Task (100 points)
A™ (100 H)
Gene mapping by restriction endonuclease digestion of DNA fragments
(DNA Z2HO| Mgtz & HETho 2|8t | XX} X| = &)

Introduction

Genetic mapping is routinely used in analysing the order and the identities of DNA fragments. This
technique is based on the unique profiles of DNA fragments generated after DNA digests with
specific combination of restriction endonucleases (RE) and revealed by DNA gel electrophoresis. It
is extremely powerful for gene cloning, studying gene function and regulation, for finding candidate
genes for diseases and their diagnosis and also as a forensic tool.

Part A. Confirmation of insertion of human DNA in a cloning plasmid. (80 points)
SEtA0E 22d HEHO A= AFE DNA 2| &) =2l (80 )

Using this technique, you are now tasked to confirm that a fragment of human DNA “X”
(approximate size: 760 base pairs) has been inserted into a cloning plasmid or vector “V” (circular
and approximate size: 2570 base pairs). You are required to design and carry out DNA digests by
incubating DNA “T” with the restriction endonucleases (RE) by following the general protocol of
incubation and electrophoresis given (details described below). After the gel electrophoresis, your
results will be revealed by DNA staining (this will be performed by lab technicians), analysed and
data interpreted.

O] 7|z= AHE3I0] 02|22 22'E SatA0[E #E “v' (2570 bp 27(2] A 'E1) Of & &i%l0f
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Protocol and Procedures
My It
1. Design your DNA digests (you may do a maximum of 4 tubes) in a total volume of 20 pl by

using the Table in the Answer Sheet.

Motz 4~E 08¢t DNA R TH A (XM 4 RE)S BAX of U

#E 0|80t TM Fm|7t

rir

20 pl 7b E| =& C|XHQl SHA| 2.

Q1.1 (20 points) Record the desired amounts of reagents in your plan. One example is
already given for Tube 2 in the table provided. All units are in pl.

O]2{=0| CIRQISt H0A 2R AlZ2 &S 7|F5tAI. o o7t EeFX|of 0T

#O| {2 20 0|0 O{MCt 2= EHel= pl O[E.

2. Prepare the mixtures by carefully pipetting the correct amount of the reagents and gently mix
them by pipetting them up and down in each tube. Label the tubes. Do not contaminate one
sample with another when preparing the mixture. Use a clean pipette tip for each operation.

Note: use p10 micropipetter (white-coded) for pipetting reagents of less than 10 pl. [NOTE:

there will be a penalty of 20 points if additional samples are requested. Please prepare the
samples carefully.

MM
=
mot
>
HU
N
i
M
>
HU
o

x
B
0'_'|'
|.|-|
I
ot
>
to
=2
rE
B
_9_|-
=
E_l
o
&l

m
njo
>
op
Ot
>
to

Fol10opl HOF M2 Yo A|lRS TO|HE o 2 2Mo 2 HAE p10 L0 S
A2 SN Q.
[Zrf =7t A28 27 & Mol 20 o #HO| AS AYLICE =d28A M=E

FH|5t7] BHELICH

3. Spin down the mixture by placing all four tubes in the micro-centrifuge (please balance the spin
by placing tubes opposite to each other). During preparation and after spinning, always keep
the tubes on ice.

4. After all the tubes have been prepared, remove them from the ice and place them into the
labelled floatation rack and incubate them for 20 minutes (stopwatch is provided) at 37 °C in the
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water bath assigned to you. Make sure that you retrieve your own samples after the 20
minutes’ incubation time.

BE FEIt =HE H30= €30 A AL =0 & JFE RO[EHAN EAIZH AZ)0

ZOF ZIXHO| A 2P E 37°C &2+X0 20 & 78 ECH(ASHX AFE). 20 2 20 o2&

5. During this 20 minute incubation duration, answer the following questions in the Answer _Sheet:
&2 =20 20 2 F= S0 T2 2HE B of ESIA L.

Q1.2 (2 points x 5 =10 points) Indicate true statement(s) with a tick (v) and false
statement(s) with a cross ().

ChE Te & &2 A2 HA03 (V)2 EAlotl S8 A2 x 2 EASHA2,

a. Each RE cuts DNA at a specific sequence.
(4 Metga+= DNAE £ 7| E0M Z Tt
b. Each RE cuts DNA only at the 3" and 5'end..
(4 Het=a= DNA S 2% 3" 2 ErF 5 TEOA2H R EFotLY)
c. RE are most effective in digesting DNA at 4 °C.
(R|BtZAL 4 0C 0N 7HE RIA O 2 DNA & M EHSHDH
d. RE can be kept at room temperature for months.
Metezas 20 2 & S 22t 5= ACh
e. Unlike exonucleases, RE only cut the DNA internally.

(DNA EH HEre 40t 2| Motaas 2% DNA LIFEH ZEotD)

Q1.3 (2 points x5 =10 points) Which of the following principles is true of separating DNA
by gel electrophoresis? Indicate true statement(s) with a tick (v') and false statement(s)
with a cross (x).

2 H7|1E30 2lg DNA 2|0 et /2| & 22 A2? &2 A2 H3A03E ()=

HAISIL 8 A2 x 2 HAISHA 2.

a. DNA fragments are overall positively charged.
DNA 2H2 2N o 2 oS ZILt.

b. The smaller DNA fragments move faster across the gel under the electric current.
2 %2 DNA ZEHYSE T 5to|M 2 £5 20t WEH 0| St

c. The smaller DNA fragments are lesser charged than the larger fragments hence
they move faster across the gel.
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BCHE2 DNA B HYSF 20 o 2 DNA ZHO| Hish TStE E (7| {20 A
0| M 20t HEA 0|5

d. The relative density of the gel matrix affects how long the separation takes.
Aol g 2=& DNAZF 22| 5= A2t Feks DI EICt.

OI-

FCF. .

r

e. The voltage applied to the electrophoresis is determined by how much DNA is
loaded in the gel.

H7|ES0f Ar8kl= T2 EOtLt B2 Y2  DNA A ZE 2 Al280 Z0{0t

oSt=XlE 28ttt

—

6. When the 20 minutes of DNA digests duration is up, retrieve your own tubes from the water
bath.

20 =2 DNA R THf| ELtEH &2 =201 ol Z AtH2f A2 & HH =5 St

7. Add 4 pul of DNA loading-dye (blue colour). Mix them well by pipetting the mixture up and down
and spin down any residual liquid using the micro-centrifuge.

F& 2| DNA 20| (XA FMH)E 4 ul =0 THO|H2 =2 (pipetting up & down) & 442

ChE RE Y0 22 AIRE FRE O Z 227] ?fof Rd=E2l7|2 TS| ATEHE AZICH

8. Using the p100 micropipetter (yellow-coded), load 15 ul of the sample mixture of DNA digests
with the loading dye into the “wells” of the agarose gel provided. Make sure that you position
the pipette tips carefully on top of the wells and gently deliver the mixture to the wells without

spilling them. Load 15 pl of each of the Markers, L1 and L2. Add your samples according to
the following scheme of lanes, starting from the left end of the gel.

LMo 2 HA|E p100 OO ZIHO| B S AFESHY, ETHEl DNA A| 22 A= F Al
(ZELHONO| 2 E AR 15 ul & FOHT OZ2 A O A2 F (well)0f E=Ct THO| 2 ES
AMZZ0| & ?IXIAI7{ DNA A|27F XX =2 A|250| & E=Ch DNA 27| Ok L1 1t
L2 415w =0 0222 AIRE Of2let 42 =A0f mef 2o 2F &

AMZFOMEEH ARSHY @=Lt

Marker L2
Marker L1 Tube 1 Tube 2 Tube 3 Tube 4
=V
DNA =7 Ot e Ed) Engj EH4 PNA 27
L1 Ot L2

9. Cover a gel with a lid and connect the power supply to run at 100 volts for 20 min. Please be
careful and do not touch any part of the electrodes and power supply.

Page 8 of 12



IBO2012

SINGAPORE

CELL & MOLECULAR BIOLOGY PRACTICAL TEST 1
71 Xl /S B0 WS HZAF 100 2E(v)0IA 20 228 H7| S Sttt =1t
HEEX O &= WX =5 Fo[otrt.

10.

11.

12.

Check regularly that the samples have entered the wells and are indeed running towards the
positive electrode. If you need help from the technicians to ensure proper runs for the samples,
please signal for assistance by clipping your signal card at the edge of right wall of your cubicle.

AE7HAIREN & S0 7h AHZ AIR7t Y302 0|SEHEXIS FIIHOE SIS,
atop AR 7} HES| 0| oHaX| Stelsty| o) Zmo| £ 80| WS oj2iE MHL| 02F

Ho A= 7t=(signal card)E 50 TS EE2 T = $hC}

While waiting for the gel run, answer the following questions in the Answer Sheet:
H71dsS ot s L= 2H 2 siES BEUX O HoA|L.

Q1.4 (20 points) Consider the following scenario: A piece of linear human DNA (1 kbp) was
digested by a particular enzyme RE3, resulting in 2 fragments of 650 bp and 350 bp.
The same piece of 1 kbp DNA was digested with another enzyme RE4, releasing 2
fragments of 800 bp and 200 bp. And when this 1 kbp DNA was digested with RE3 and
RE4 together, 3 fragments of DNA were generated, 650 bp, 200 bp and 150 bp.

CHSOf 22 A2 Mo 2XE: MHO| AFEF DNA (1 kbp)E &9 Mota A (RE3)E
HEH5H0] 650 bp 2 350 bp & SF2| BHES AQUCE S YT AR DNA (1 kbp)E CHE
etz A (RE4)E HTHSH0] 800 bp 2 200 bp & S/ BHES FRUCE 112|121 O] DNAE
RE3 @t RE4 2 SA|0f| HEHSH0] 650 bp, 200 bp & 150 bp 2| Al 7HX| EEHS &

HQ

Sketch a linear map of this piece of DNA by indicating the position of RE3 and RE4
digests in the space provided. An example of such a sketch is provided below as a
guide.

O] DNA 2 H0f RE3 2 RE4 2| /X[ S LtEtU= MH MR =S Zdotet.
Ot & MSHX| =5 2-ddt= O S LiEFH Z40[C}.

RE3 RE4 RE3
| |

| |
1.2 2.5 3 4.5 (in kbp)

When the 20 minutes of gel running time is up, turn off the power supply and remove the lid of
the gel tank. Carefully remove the gel (still on the gel tray) and place it on the petri dish
provided. Bring your gel to the gel doc that has been assigned for your usage and the
technician will photograph it for you.

Page 9 of 12



IBO2012
SINGAPORE

CELL & MOLECULAR BIOLOGY PRACTICAL TEST 1

BLIR HYNKIS 10 M B30 YHE %A, H Eolo|
A

= = =
B4 22 AU S HES|ZAO =Lt XS B

0| 0] = JEI= =4 =l
2EE 7SS MY FRZ2 IPMZIEE SN 2. A Zu7t - A He A EoFE
A YLICH

13. Bring your gel and the photograph back to your cubicle and use your signal card to get
assistance for an invigilator to staple it in the space provided on the Answer Sheet.

Ol2{Z 2| Bif AFIS CHA| 2 712 LS 7t=8 S0 Alg d=20] Betx] o ArEl=S

AHO|ZHE A 5 UEF oot

Q1.5 (10 points) Your skills in running a gel will be assessed by the quality of the gel
produced.

71835t 8Ol oz ol 2 ATl 22 F7hE ALt

14. Based on the gel results, answer the following questions in the Answer Sheet:
A Zof 7|50 T 2 M & EeHX| off EHA L.

Q1.6 (1 pointx5 =5 points) Using the DNA ladder markers (in basepairs) provided below
as the reference, estimate the sizes of the fragments/bands. You may draw a line
across the band of your query and the size marker to do the estimation. How many
fragment(s) of DNA were generated by RE1 and RE2? And what is/are the estimated
size(s)? Answer using numerals.

Otz =O{ Tl DNA 37| Ot (bp 2 FO{F)E 0|83t HHO| 3 7|E 0 55HA| 2.
O 20| ¥0X St HEE sYsl= DNA 27| OFAH0| 28 10 37| o F5IH
=Tk RET Ik RE2 Of 2f3f & 7i2| DNA 2HO| W &[=7}?
£ HEO AR 37| = O{EA Ele7? =AIE A2,
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L1: 100 bp DNA Ladder L2: 1 kb DNA Ladder
L1: 100 bp DNA 37| Oy L2: 1 kb DNA 37| Ot

Q1.7 (1 point) What is the estimated size of the test DNA sample (T)? Answer using

numerals.

2eoh DNA (M2 CHEFH Rl 37| L0te7h? A2 HIHAIL.

Q1.8 (1 point) Based on your results, is the test DNA sample (T) larger, smaller or the same
size as the empty vector? Indicate your answer with a tick (v') in the correct box.

Oj2{20| 22 Z1toj 7|X=35tH, M DNA A|Z(Me gl i (M XN 27(|) 2Lt

27t 82 A27F OtLE 22717 &= ZHof| §= O E(v)2 A L.

Q1.9 (1 point) Does the test DNA sample (T) contain any insert? Indicate yes with a tick (v')

and no with a cross ().
M DNA A 2T E &Y DNA(insert)S Zatstn Q=72 ZatstH A 303 (v)2

(o]
H
HAISID OHX| FOHx 2 HA|SHA| 2.

Q1.10 (2 points) Uncut DNA appears to move faster than any of the samples digested with
RE2. Why? Indicate your answer with a tick (v) in the correct box.

2R 2 DNA= RE2 2 ZTHEl O A|2ECHE O WEA 0| STHet. of A7 7t
X= 0 &= 7o M3 Bt3(v) 2 oA 2.
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a. The smaller fragment size of uncut DNA is due to DNA degradation.
HETHEX| 42 DNA 2| 212 HH 37| = DNA &9f| I{Z0|C}.
b. The uncut DNA is more compact and therefore moves faster through the gel
HCE|X| 22 DNA & 2L O &% (compact) =/ /0| & £2 O W2 0| STt
c. RE2 still binds to the DNA and therefore slows down their movement through gel.

RE2 7t 0§ TS| DNA Off ZgtE|0f AeB 2 & £0|AMe| 0|F0] ={ZIC},

Part B. Determination of orientation by which fragment was inserted. (20 points)

ZHO| O o= HAULA=A| L 2. (20 W)

Q1.11 (20 points) Construct possible the restriction map(s) for the DNA “T” by indicating the

relative position of RE1 and RE2 and the distance between them in the Answer Sheet. An
example of such a map is provided below as a guide.

EFOLX| O DNA "T"2| 7}s3t XM|SHX| =5 RE1 1t RE2 | {|X| & O|E AtO|Q| HE|E

HA[SHO] 2 SHA| . Of2fof| =T X =& MehX| & 2o A FsH7| #fet O OfCf.

Ndel
1.2 kbp

2.5 kbp EcoRl

EcoRI

4.5 kbp

END OF PAPER

fu i §
E
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