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Dear Participants @& 5%

¢ In this test, you have been given the following task:
TEARE By PR EL e il 51 LA
Task: Gene mapping by restriction endonuclease digestion of DNA fragments

LIPRAES ) BIDNAR B AN D7 5

Part A. Confirmation of insertion of human DNA in a cloning plasmid. (80 points)
MERAE —BEJHE RS TP A T ARY A DNAR B (80 77)

Part B. Determination of orientation by which the fragment is inserted. (20 points)
PRIEFTEAR BHIHRY DT (20 57)

e Use the Answer Sheet, which is provided separately, to answer all the questions.

FrE MBI ENEEE L -

e The answers written in the Question Paper will NOT be evaluated.
BEAESG EAVE RN ERTE -

e  Write your answers legibly in ink.
RETERE -

e Please make sure that you have received all the materials and equipment listed for each task.

If any of these items are missing, please raise your hand immediately.
BEMSEIFTANEREA IR - EARD - IRIERFRE -

e Stop answering and put down your pen IMMEDIATELY when the bell rings.
PR > SEALRI N - R IRES -

e At the end of the test, place the Answer Sheet and Question paper in the envelope provided.

Our Assistants will collect the envelope from you.
HERGERI% - KB EGHERASREREEA - EhE B R & AR -

Have fun and Good Luck! © PLUTE
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HpEEE T YR E{EE
Materials and equipment:
Materials and equipment Quantity Unit
e dupetal e . B fir
restriction endonuclease RE1 (Ndel) (kept on ice) I tube
4 .
PRI REL (Ndel) (R ) 3 &
restriction endonuclease RE2 (EcoRI) (kept on ice) tube
4l
FEL#HIs RE2 (ECoR) (B 7K 1) 3 &
DNA test samples in enzyme buffer (labelled T) (on ice) I tube
s . 10 ul x4 .
DNA 15 ISt A PRI B B R (BT T) (B E) : &
miliQ water (labelled W) . tube
miliQ #i/K (R * W) &
DNA electrophoresis gel tank and power supply set
1
DNA kg8 5 fEas 4H
micropipettes and tips in boxes (p10, p100) ) piece
& S es o F 28 B 22 (p10, p100) 1
stopwatch piece
1
BN 1l
DNA ladder (as internal size markers, L1 for 100 bp range and
L2 for 1 kbp range) (on ice) tube
2
R DNA (F Ryt bn /NS5 RE4E - L1 M it 100 bp &% &
L2 A 1 kbp Z£) (BEHK L)
DNA loading dye (blue in colour) tube
1
DNA IS RHEE ) s
pre-cast gel in holder (already placed in running buffer) . piece
TR EHF YV EKEE (ERUEEIKEEER running buffer 1) F
large petri dish (for placing the gel for imaging purposes) piece
RITE L (FEREEIKE R A K FRAHIFE ) 1 1l
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card with your country code (in a clip holder): for signalling for .
assistance 1 plece
SECA RIS CERAYR R+ FEMHRBIRHE fE
floating rack (labelled with your country code) . piece
B K LV ERE (RS A IRAVBI R EE) f
micro-centrifuge set
L . o
water-bath 37 °C (there is one assigned for your usage) 1 set
37 °C /Kt ({5 FHTE 2T — 1) 1l
gel doc (there is one assigned for your usage) set
R IEAHECE (BEFTE Ry —(H) ! 1lé
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Task (100 points)
s (100 47)

Gene mapping by restriction endonuclease digestion of DNA fragments

DAFRAHEGUIE] DNA R Btk e e B N UL 8

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.

HRE

FLRIA SR AEG UL ] 5 35 (E R 938 DNA R ERRIIEF RIS - —( DNA F ER&SRAIEGDIE] - WA
Bk HES G RURIEE DNA | BRRFAIIIAR LRI BEIAR N ~ BFTAARTHRE RIS ~ SRt

BRAN IR 2T - fORR i B AR IA -
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Part A. Confirmation of insertion of human DNA in a cloning plasmid. (80 points)

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 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.

AT HERSAE— BRI ARG & A AR AJHDNAR B (80 27)

IR FH IR BIEG DAL B4 SRS — (8 AJH DNA F B “X” (REER4/Z 760 base pairs)E & gl A
F—EEIEER V" A (V ZEIR DNA > REERLYE 2570 base pairs) © {RESeaat HEE (] DNA
YRR FIEE D) BN E B 5 Ak dn DNA T » 3 H 25— AR FR G AR K R RAR e (AL 12) B R

B - wKSEL - BKBRBEEEREEGIIAC - FEEREIRET O IE LR -

Protocol and Procedures
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.

HEFES EERISATEERIIDNAMRTIEGUIEIE S - SEU)EIE HAVESIE S 20 Wl - IR 5] A
4 EP)EIEE -
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.

(20 71 F MrEtEREEEH TS ER T E > Tube 2 7 R » FrARYERALENE

pl e
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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 micropipette (white-coded) for pipetting reagents of less than 10 ul. [NOTE:
there will be a penalty of 20 points if additional samples are requested. Please prepare the

samples carefully.]
IR BB T AR R E B OVE - /NVOREUEEE EMETHR Y » AE N EasRGREN &
[ FEGSERELVE N © BN S TR EIE H B E0 55 GO R 23R B e
e o TEE ¢ pl0 pEes (HEIE)AL 10 pl DUNHYE - [EE © RIREREI NS - &
120 73 - &/ IO FIREY SR

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.
FHEZE OB LpsiRs 4 & SR &t O 2 B OB TERED (Bl Ll a5 I EBE OB T &) - 2Efh
e i S e 00 1% BEHRF AR OB R K L -

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
water bath assigned to you. Make sure that you retrieve your own samples after the 20 minutes
incubation time.

& ATA B R SRR 1% - RO E BN IR KEE LV E R - BUEFEERY 37 °C /K

[ZJE 20 srg(LLaTiFasaty) © SCf 20 Jr#ER EHEfREY B SRkt an

5. During this 20 minute incubation duration, answer the following questions in the Answer Sheet:

HIFH 20 o dr SBR[ B B S BRI -
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Q1.2 (2 points x 5 =10 points) Indicate true statement(s) with a tick (v) and false

statement(s) with a cross (x).

(27> x5=10292) ¥ MIRIERGL - IEMERTFHEFT2(Y) - SESAHTEETT (%) -

a.

Each RE cuts DNA at a specific sequence.
F—ERHIE R ER 5 EU)E DNA

Each RE cuts DNA only at the 3’ and 5’ends.
HF—TERHINE HAE DNA /Y 3" #1 5Kt DNA.
RE are most effective in digesting DNA at 4°C.
FREG L) DNA BT FIAE 4 ClF AN

RE can be kept at room temperature for months.
[REG AT LA E =R P IR AR A 2 -

Unlike exonucleases, RE only cuts DNA internally.

REFSNIEE - FRAEE L BE(FFI{E DNA FYAERFP -
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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> x5=1027) ¥ MIERE/KTEEDNAFERRRAL - IEHERVERFT2)(V) - $EERATEETT

(%) ©

a.

DNA fragments are overall positively charged.

BACIN S > DNA F B2 R8T -

The smaller DNA fragments move faster across the gel under the electric current.
UNHY DNA | ERAEEE [ aEpE 5 oY 2R -

The smaller DNA fragments are lesser charged than the larger fragments hence

they move faster across the gel.

N DNA | BRI R EEECRHY R B8R e /b - P AR A AE 5 dghk -

The relative density of the gel matrix affects how long the separation takes.
IBRGHITHAI 2 [ 52 27 HE DNA PR HyHH] -

The voltage applied to the electrophoresis is determined by how much DNA is

loaded in the gel.

HREE AR R of DNA B S AR E B K IR FH YRR

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

bath.

20 S SR ERF IR T - (A B RAI R -

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.

FER ERR AR AIIA 4 Wl DNAJIEZSEHEE ) - DU EsSRETR » BbL 28V ETRED -
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8. Using the p100 micropipette (yellow-coded), load 15 pl 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 ul 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.

(/] p100 & s EwsGEtaTH) » 73 BIEL 15 pl By ERR AL CR & IIEZSED) K RUE DNA > (RIS 51

B > BAEZEREABRERSET - EEEEIIAKR - TEAZRERLEL -

Marker L1 Tube 1 Tube 2 Tube 3 Tube 4 Marker L2

Cover the 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.

ot

FEEDKIEE > HREER - DL 100 volts #EfTEREK 20 53§ o 5F/ VA ZEAT i R AR B R L e -
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10. 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.
W ERE T A F RTS8 o WIRIRRE R B AR e & IERERSE) - SERHRA IR RAE

HipbREr A REE

11. While waiting for the gel run, answer the following questions in the Answer Sheet:
HEITERVK - [ T YIMEREES 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.

(20 4 %A —FR4 R AJEDNA (1 kbp) » FEFEMRHIEERES UJNF » 55 HH % - —
[l 650 bpAil—{[& 350 bp - &R EMRHEEREAS U > 15— 800 bp) EA1—{# 200

bp 5 B - & [EFFHRE3 MIRE4 V)i - f3E]={E ) B - 57752 650 bp, 200 bp #1 150 bp

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.

BN THIPIEIR - EH—EARIRFIESUIALE - T RE3 F1 RE4 #y YA R VIHIHY
EERIN o

RE3 RE4 RE3
| | |

| | |
1.2 2.5 3 4.5 (in kbp)
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12. 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.

20 Jr R KEER % - BARAEIR - FTRHEEAKE L& - /NVOEUEB R (AR ERB R IR L) - BUERE

ME - FEECB R EHEER - BREEEHEIRER R -

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.

HEREVEE R AR - B2 E SRR - (AR RErEES NS RIER TEEEELE -

Q1.5 (20 points) Your skills in running a gel will be assessed by the quality of the gel

produced.

(10 43) IREVE SRRl E H IRHY B SE R AETE

Page 12 of 15



IBO2012
SINGAPORE

CELL & MOLECULAR BIOLOGY PRACTICAL TEST 1

14. Based on the gel results, answer the following questions in the Answer Sheet:

RIBIRAVEIKBGER > W& MIMEREERS 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.

(15 x5 =5 97) % 5 REEDNAZ B HIFEAE B (Dlbasepair#ir) - fhETIREVERK

SRR AN > ARATEAEIREVRE R IR A EAY R B RAEDNAR & S Bh st -

REL f1 RE2 73 IVIH (8 7 B ? (5T R BV AN AR S/ 2

- 23

L1: 100 bp DNA Ladder L2: 1 kb DNA Ladder
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Q1.7 (1 point) What is the estimated size of the test DNA sample (T)? Answer using

numerals.

(14)) fhEEFDNAEER: (T) By A/ NE S/ 2

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.
(1 7)) MRIBIREVEEREEE - DNAELS (T) BLZ2iyaEEG (vecton fHLE - ZEIR ? BV ? 82

—HER ? FEIERERVE RZERRATT 2 (V)

Q1.9 (1 point) Does the test DNA sample (T) contain any insert? Indicate yes with a tick (v)

and no with a cross ().

(1 73) DNABEL (T) AT ARIDNAR B ? ERMT (V) » i ARFT (%) -

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.
(2 453) AV DNABERS(E RIS ENTIEERE2 UIHAVH BT » [RIREERE ? f£1E
M FZERENTTE) (V)
a. The smaller fragment size of uncut DNA is due to DNA degradation.
R Ryi2 A VIIHY DNA B I3 gl B N 1 B -
b. The uncut DNA is more compact and therefore moves faster through the gel.
N E2 B VIR DNA RSP R - FrLIERR R LR Bk -
c. RE2 still binds to the DNA and therefore slows down their movement through gel.

N5y RE2 {RZANFAE DNA | Bz - Firblg RE2 UJHY R B Ehile -
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Part B. Determination of orientation by which fragment was inserted. (20 points)

BE(sr. s E ADNAR EEHIHEESI 51 - (20 43)

Q1.11 (20 points) Construct possible 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.

(20 73 I THIBIEIRES - £EFEE EEHTDNA T Fra Al seR RIS VI ALE - FEHREL
1 RE2 HyMHRBADIML - DA VML EIREERE -

Ndel
1.2 kbp

2.5 kbp ECoR

EcoRI

4.5 kbp

END OF PAPER
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