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HUNGARY 2019 Experiment 2

Practical Exam 2. E1E 2.

General instructions —fi&:it88
This exam consists of two subtasks: &E{FEIEMEF D

- Subtask 1. A model of home blood glucose measurement (50 points)

Subtask 2. Examination of knock-out mutant cell lines produced by CRISPR-Cas 9 method (50 points)

- FB—Ey ¢ MIESERINEL (50 73)
- SBITERS ¢RI Crispr-Cas9 EEAREE 77 2R EERZIFRRIREAAM K (50 2)
1. Please remember to attach your barcode sticker to all pieces of paper on the answer sheet.

I R N N

Write your answers in the separate answer sheet provided. Only answers given in the answer sheet
will be considered.

Ensure you received all necessary materials and equipment listed on the next page. If any items are
missing indicate this by raising your red card within 10 minutes following the start of the exam.

During experiments ensure all materials and equipment is handled properly. Any spilled solutions
or broken equipment will not be replaced.

Stop answering and put down your pencil immediately when the bell rings signalling the end of the
exam.

No paper, materials or equipment should be taken out of the laboratory.
SISIBIRR AR BRE R B RAANE—H L o

. REZREMRMNERSE L  AAREERE LHNESRAHS -

SIFE T—ERFILRFRA SRR GRS - EEARDE > FESH 10 DERSREAIF -

. EBEERIBED - METFTAME RS BELER - ERAIRRNGESRK AT ER -

EEBE RSB EE » (LA AT -
TSN RAEPEEMAE  HRISRE o

CAUTION: The experiment deals with materials that are fragile and sharp. Exercise caution when han-

dling them.
AR BEREMEZIERELR » BVIRE -

WEAR ALL SAFETY EQUIPMENT PROVIDED AT ALL TIMES OTHERWISE THE LAB ASSISTANT WILL ASK
YOU TO LEAVE THE ROOM.
BRY > ERFHAMRHANAEXZERS > SRERHERGERFHEMERE

Materials and Equipment 11l S5 28

Eppendorf tubes
10 pL micropipette

- 200 pL micropipette

1000 pL micropipette
micropipette tips

permanent marker

- calculator
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red signaling card
- yellow signaling card

- tissues

- ACCU-CHEK Active blood glucose meter

- Test strip container with 15 test strips —keep closed to prevent damage to the strips

standard glucose solution in distilled water; label: G; 1 mL

distilled water; label: W

beaker with ice

beaker with room temperature water

- thermometer

- 37 °Cdry thermostat (one shared by 4 competitors)

Microcentrifuge tube labelled
Microcentrifuge tube labelled
Microcentrifuge tube labelled
Microcentrifuge tube labelled
Microcentrifuge tube labelled
gel electrophoresis chamber
electrophoresis gel
M B {R 2R

MEmLE
10 uL HERE
200 pL HERE
1000 pL MERE
MERER
KABFE
T
41k
=R
BEA

- ACCU-CHEK In#&f%

‘M’ : size ladder marker

‘C’ : control which is the PCR product of the original gene
‘P1’ : PCR product of the sample taken from P1 type cells
‘P2’ : PCR product of the sample taken from P2 type cells

‘E’ : restriction endonuclease (Pstl.) -held on ice!

28 15 FREIRENEF > BRAEFE TR > URHRRE -
DUEERKBRNEEERER » RTRAG6; 1mL

EEK > BB W
KRBT
S R KBIRAT
Tl

- 3T°CEAIE ; (4 IEFHA)

#H DNA BERSHMERLE

; BmA” M7
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. EERREEY PCREN ; BTA" O

. BTAT PLT HOMEREOE | SRIEE PLAMN PCREN
BTAT PY MOMEREOE | IRIEE P2 4BERY PCR EN)

L BT MOMEREOE | RAUES (Pstl) BROA L

. B

- BIKAERE
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SUBTASK 1. AMODEL OF HOME BLOOD GLUCOSE MEASUREMENT 7ER Fhig {7 M ¥ A FE

Glucose in the mammalian body is metabolized in a complex system which provides a balance (home-
ostasis) of highly regulated processes.

HILERE AR ETE LSS R REFLUR MR ETR ERERRE T (homeostasis) AR ©

Sufficient levels of blood glucose are maintained hormonally and allosterically by the regulation of trans-
porters and key enzymes of glucose metabolism.

BREWEREER (allosterically) BHHEREHEARFIEABEPEERS > THIBEHENM
i o

Metabolic diseases that resultin a disturbance of these regulating mechanisms have severe consequences
to the affected individuals and have become of economic significance on a global level.

ERMERNEFI RN HRREREENEREERERR » UHEKEEENEATE -

The most common of them all -diabetes mellitus -is a group of metabolic diseases that have chronic hy-
perglycemia (elevated blood glucose levels) in common as a result of disturbances in insulin secretion
and/or the effects of insulin.

HA R R - 18R - B—EASERR - ERARRE RS WEREMN/SRSEZMEMEFERIE T S miE
E (MEEAS) -

For the management of diabetes, monitoring blood glucose levels is essential. Especially patients under-
going insulin therapy are required to measure their blood glucose levels on a daily basis, since the calcu-
lation of the correct doses of insulin is essential to avoid hypo- and hyperglycemia, both life-threatening
situations. Correct insulin dosage and consistently sufficient blood glucose levels are also key elements
for prognosis improvement.

HRBRENEIE > BAMEEEREE - FHEEESRERGENIBER[ESXAEMMNMES - BS
FREENREESRNATHNBLELENSOESZELRAL  EMERERHEERESRD - ERNERSER
BIEMiZE B MEE T BASTRRNARES -

In this practical exam, handheld glucose meters developed for home-use by diabetes patients will be used
to simulate blood glucose measurement in model glucose solutions.

EREFP > RUBERESEECANRERFFANREETIERARENLIERMEE

Glucometers are used for home blood glucose monitoring by patients with diabetes mellitus and other
diseases with a high risk for hypoglycemia.

M¥EEAR BAERFBIE M A A E MR R S E RIRRIMAEE A

The glucometer used for these determines blood glucose content with reflectance photometry using the
hexokinase method:

B R MR ME R SHEAES (hexokinase) JHBIBR G N EFAEMES £ !

GLUCOSE=-6-P-DEHYDROGENASE
ATP ADP NADP NADPH
A

= Glucose 6-P —;L» 6-Phosphogluconate

Glucose
HEXOKINASE

Since glucometers are calibrated using whole blood, calibration curves have to be prepared to obtain cor-
rect measurement results when using aqueous solutions.

MR MEEIERZMRER » FILEERKERFEUAEFRREMGLUERSIERNAEER
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How to Measure Glucose Concentrations with the ACCU-CHEK Active Blood Glucose Meter (see figure
below) #NfAfEA ACCU-CHEK jEtMFEFFEAEHERRE (RTHE)

1.

5. The meter turns on and first performs a default display check (approx. 2 seconds).

9.
10.
11.

Take a test strip from the test strip container. Close the container immediately. #¢: 4% A28 A
4K o IZBNRARARSS ©

Hold the test strip so that the arrows printed on it and the green square face upwards 2 {F& 48 » (&
ENBETE » RixBIEFTHN—iRE L

. Slide the test strip into the test strip guide in the direction of the arrows until you feel it lock into

place. (1) Do not bend the test strip. &&T5R75 A AR B AR ARG LHFEAR > ERIREICHES

fil o f5E (1) FEEdhxERK o
The test strip must lie flat on the measurement window cover. RN BFRITHETZE L o
(2) #& o

) 1 AR TR

WHEEITTRRBETRR (8275) (2) -

Following the display check, the test strip symbol and the flashing blood drop symbol appear on the
display (3). B~ AITERE - AR RAMPIENMBERRE2RTEREL (3) ©

The meter is now ready to perform a blood glucose test. You have approx. 90 seconds to apply 3 uL
of glucose solution onto the middle of the green square of the test strip. After this time, the meter
turns itself off. If this happens, remove the strip and slide it in again. M¥EEIRTE B EFHIFETIMHER
& o MRBE KA 90 FUEFRIRIAF 3uL éﬁ’%*&i@/&/ﬁjbﬂ§|Juit£EEE’J“i@,IEHﬁ/E’JEF'F'Eﬁ HBiBLEEER - BRg8
B - MRVLEEEER > AN THRULEHRER 2B

The test starts. The flashing hourglass symbol indicates that the test is in progress. Al BEA o PI1
BRI R A E R EITH -

The test is over in approximately 5 seconds. Bl TEAL 5 Fb A
RIRTE ] LA BRI A R ©
After removing the test strip, the device will turn itself off. Discard any used test strips.

o

You can now mark the test result

EREGEARR - BRI BT - EREMABHIER

(If an error appears before the application of the liquid, remove the test strip and try again. If it doesn "t
work the second time or you already applied the glucose solution, discard the test strip and use a new

one.)
(QD%EHDA/&E ﬁ-ﬁtﬂiﬁfgsﬁnﬂ’iﬁ 4 DEEY—FDKZEE:‘IEDK

o NRF_RNHIREER > WEERBE BRI

A BIERSHRL RS )

1 2 3

‘ mgdemeter' 31 B 5

AB0

Q 527 185 mg/dL

& o -
O D»u —ii—
t mmol/L| mmol/L
| meter
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Part 1. Glucometer Measurement of the Concentration of Model Glucose Solutions 5 1 #3453 - MEER
AEEREGERETRVRE

First, you are going to be testing the accuracy of glucose measurement with the glucose meter on water-
based model glucose solutions.

B SREAMEELUAHEERKARPEERIEHREN - WA MBRNERK

Procedure 12

1. Prepare the following dilutions from the provided standard glucose solution in Eppendorf tubes us-
ing distilled water: 1:5; 1:2; 1:1; 2:1 (in a sample volume : diluent volume format) -300 pL of each.
Label the tubes accordingly. FRZERK » RIBENFEGERARPEMER OEPREUTHER !
1:55;1:2;1:1;2:1 (M8 | RELIIETE) - S8 300uL o TEAEREER O E1R5C -

2. Measure the glucose content of the solutions. IEARNEERESE ©

Q.2.1.1 Fill in the table on the answer sheet. i Z B4 _ LRI RIGIELF o
Table Legend: ZRA&EREA :
D -Dilution (standard volume : total volume)
D-%TE (IR#ERHR | 4ER8%)
Vs-added volume of standard solution
Vg - IMARREEBRR
VH20 -added volume of distilled water
Vir,o - TIARIZEERKE
MC -Measured glucose concentration, one decimal place accuracy

MC - AIENEEERE » AR —(IBEE




=%5 20 1BO Chinese, Traditional (Taiwan, China) V1-8
HUNGARY 2019 Experiment 2

Dependence of Blood Glucose Measurement on Sample Temperature MR & HigA BN KEEN

Glucose concentration values measured by some glucometers are affected by temperature. To confirm or
refute this, you will measure the glucose concentration of the solution previously diluted 1:2 at different
temperatures.

BELEMBERIENEEREEEETRAERE - ATHIAIRBE— > TKIEEFRRETUL  2%E
NEEEARAERE o
Procedure BE:FEF

1. Label 4 Eppendorf tubes with the respective temperature. You are going to measure the glucose
concentrations at 0 °C, 10 °C, room temperature (RT) and 37 °C. On the tube for 37 °C, also add your
competitor ‘s ID number legibly. i 4 B E5 O EZLFSERE © SHETE 0°C » 10°C > =B (RT)
M37°C THEBERERE © £ 3T°CHEF L » EEFTEMINME LS FENE o

2. To each tube, add 50 pL of the 1:2 diluted glucose solution. FEEEEHRZINA 50uL 891 : 2 FHENE
ENEAR o

3. Move the solutions to the respective temperatures: 0 °C in ice water, 10-15 °C by cooling room tem-
perature water with ice and controlling the temperature with a thermometer, room temperature left
on the rack and 37 °C in the dry thermostat. Leave the solutions to equilibrate for at least 5 minutes.
You 'l have to pay attention to keep the 10-15 °C beaker at the right temperature range. #Aa®%#%E
ZBRURE [ KK 0°C o ERKAKLEIE 10-15°C > RREHEGFIAE > #EREFENRERL &
BIERERA 37°C o BARTFHEL 5 9iE - BEEEHR 10-15°C WEMRIFFTSENAEHER

4. After at least 5 minutes, measure the glucose concentrations with the glucometer. You have to work

quickly at this point, not to let the samples differ too much from the required temperature. £/1* 5 7
E1% > AMEERNSEEEEE o WREWERRTE  FEERREMEREHEELRK -

Q.2.1.2 Record the results of your measurements in the table on the answer sheet.
EEER EREPCHREVASEER -
Table Legend: Ri&FA :
T -solution temperature RT -room temperature MC -Measured glucose concen-
tration, one decimal place accuracy T - JARBE RT - =8 MC - RAIEMNEEER

B NHEBR—IREE

When you “re finished, signal with the flag. For Part 2, an assistant will hand you the results of related ex-
periments, which you Il have to analyze. Your own measurement results will be taped over with translu-
cent tape so beyond this point, no more changes on part 1 answers will be possible.

SBIT5ERE > EREFEMEBNZ o 725 2 889 > BNERHRMIE S —EMERNER - S BHHETHM -
THCHABERR AL ERRTES » AtEIZ2E - ¥ 1 BoNERRBEBETEN -



Chinese, Traditional (Taiwan, China) V1-9
Experiment 2

S
=< 30*"IBO

HUNGARY 2019

Part 2. Preparation of a Calibration Curve Based on Pre-Acquired Results 58 2 #8493 - £ H B E S
(Pre-Acquired) BY4% SR B R IE B4R

Presented are the results of several glucometer measurements of glucose concentrations in aqueous glu-
cose solutions analogous to the measurements you carried out in Part 1 IbERIREMNEIE A RSB MEES
AEERKARPEEEREZER » BLNEES 1 BoPETHIEERER

SC [mmol/L] MC [mmol/L]
4.0 4.5
6.0 6.4
8.3 8.0
9.9 9.6
13.6 13.3
16.0 15.0

Legend: SC -standard glucose concentration. MC -glucose concentration measured by glu-
cometer

FHEA : SC- IREFEERE - MC-AMBERAESEZEEREE

Q.2.1.3 Plot the measured concentrations (y) against the standard concentration (x) in
Graph 1 on the answer sheet as a scatter plot. Use small but defined dots, less
than 2 mm of diameter. Pay attention to the correct labeling of the axes; use the
abbreviations in the table above. AIERE (y) HERMKLE 1 PHEERE
(x) AESRLEGIRE - ER/VEBRARENEL » ERE/NI 2 2K o A REH HARRIEREN
250, WA ERPFAITIVER ©

Q.2.1.4 Applying simple linear regression, calculate the regression equation for the best
fitting line using the least square method. Calculate at 2 decimals accuracy. Use
the equation below. Make sure to include the calculated values in the table on
the answer sheet. The grey columns are provided for convenient calculation and
will not be marked.

FERMEARMEESR » RN AL ERBENEIRGIE o 58/ NBEE 2 Ul
REE - FRATENER - £ATEMNARER, Bl EAEERR L REPFAEAE
BHiE - IR BIIEAT HEE > FEWD °

Table Legend: SC -standard glucose concentration MC -glucose concentration
measured by glucometer n -number of measurement

FIGREA ¢ SC- RERENE RE MC-RIMERASTZATERE n - AIERH
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Q.2.1.5 Draw your calculated line in Graph 1 according to the completed formula below.
RETENTEANZE 1 PERASHE LA
Regression equation: y = a + bz
EEEAREX y=a+ b2

T

Hrehn=R8RH

i
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Comparison of Blood Glucometer Readings at Different Temperatures FERE T MiEEH S AEEREL
B®

S L15 R30
1 5.4 6.7
2 4.2 5.2
3 6.0 6.8
4 4.4 6.2
5 5.7 9.4
6 4.6 5.5
7 5.1 8.7
8 5.9 8.6
9 3.7 2.6
10 4.4 4.4
11 4.8 7.0
12 5.6 8.9
13 3.9 5.7
14 4.3 6.4
15 4.5 5.4

Legend: n-subject number. L15 -glucose meter reading at 15 °C. R30 -glucose meter reading
at30°C

#REA  n- RIEARSE o L15 - MIERTE 15°C 3888 » R30 - MAERTE 30°C &

Q.2.1.6 On the answer sheet, fill in the table with values of 2 decimals precision (the grey
columns are provided for convenient calculation and will not be marked).
T‘K;E%J: DUNBIEE T 2 (B EEEER RIE (BRERBINAESE > FEH®
5C) °
Table Legend:

D -the difference (L15 - R30) for each test subject;
n -number of test subjects;

df -degrees of freedom

FRAGEREA

D- 8EZAEERNER (L15-R30) ;

n- 5,3']5%%:1:15’]%5(@,

df- BEHE

Q.2.1.7 Perform a paired Student “s t test to determine if there ‘s a difference between
the readings at different temperatures at a significance level of a=0.001. Indicate
your calculated tvalue (t,,,,) and criticaltvalue (¢, ) accordingto the tvalue
distribution table, with 2 decimals precision.(See formula below) #ETACE £ 4 t
#8 (Student “sttest) » U EEARRAE T EERESEEEEMEZR o =0.001 °
*E{?J%tfﬁﬁﬁ%%iﬁﬁﬁ%ﬁ’]th (oo ) MERRtE () BEETNEET
21i °
F2ETIRN)

Decide whether the following statements are true (T) or false (F) considering your calculations. Place one
X per statement in one of the boxes in the table on the answer sheet.

S2EEHEHE  REUTHREZRE (T) ERR (F) - TERMLNRBHEETUX RLHENEE -
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Q.2.1.8 The null hypothesis assumes that the true mean difference between the 15 °C

and 30 °C measurements is zero.
EEMRER (null hypothesis) 5% 15°C #1 30°C HIEEZENEEFIIEEAE °

Q.2.1.9 The value of t_,,, is lower than the value of ¢,.,,, therefore the null hypothesis

cannot be rejected.
torar EAERS ¢, (EFFRIERRERAIL ©

= 2D
[ny D2 D)
Legend: D -the difference (L15 - R30) for each test subject; n -number of test

subjects; tstat -t value of the statistics; tcrit —critical value of t according to the t

distribution table
REA D - BESAEMMNERE (L15-R30) ; n- Bl miEE; tstat - t ZREHE;

terit - 1R1R t DR t BUERFE
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At Db
t(p, df)
dfp  [0.40 0.25 0.10 [0.05 0.025 0.01 0.005  [0.0005
1 10.324920 [1.000000 [3.077684 |6.313752 [12.70620 |31.82052 ||63.65674 |636.6192
2 [0.288675 [0.816497 [1.883618 [2.919986 [4.30265 [6.96456 [9.92484 [31.5991
3 ]I}.Z?ﬁﬁ?l 0.764892 [1.637744 ||2.353363 (3.18245 1454070 [5.84091 |[12.9240
4 [0.270722 [[0.740697 [[1.533206 [2.131847 [2.77645 [3.74695 [4.60409 |8.6103
3 [0.267181 [0.726687 [1.475884 |2.015048 [2.57058 |3.36493 [4.03214 [6.8688
|6 ]I}.ZMSBS 0.717333 (1439736 (1943180 244651 |5.14267 |[3.70743 [5.9388
7 [0.263167 [0.711142 [[1.414924 [1.894579 [2.36462 [2.99795 [3.49948 [5.4079
8 [0.261921 [0.706387 [1.396815 [1.859548 230600 [2.89646 [[3.35539 [5.0413
o [0.260955 |[0.702722 [1.383029 (1833113 [2.26216 [2.82144 [3.24984 [4.7309
10 [0.260185 [0.699812 [1.372184 [1.812461 [2.22814 [2.76377 [3.16927 [4.5869
11 [0.259556 [0.697445 [1.363430 |1.793885 [2.20099 [2.71808 [3.10581 [[4.4370
12 [0.259033 ||0.695483 [1.356217 11.782288 |2.17881 [2.68100 |3.05454 [4.3178
13 10.258591 [0.693829 |1.350171 |1.770933 [2.16037 [2.65031 [[3.01228 [4.2208
14 10.258213 [0.692417 [1.343030 [1.761310 [2.14479 [2.62449 [2.97684 [4.1403
15 10.257885 [0.651197 1340606 1.753050 [2.13145 [2.60248 [2.94671 |4.0728
16 10.257599 [0.690132 [[1.336757 |1.745884 [2.11991 [2.58349 [2.92078 [4.0150
17 [0.257347 [0.689195 1333379 [1.739607 [2.10982 [2.56693 [[2.89823 [3.9651
18 [0.257123 [[0.688364 [[1.330391 |[1.734064 [2.10092 [2.55238 [2.87844 [3.9216
19 10.256923 Jo.687621 [1.327728 [[1.729133 [2.09302 [2.53948 [2.86093 [3.8834
20 [0.256743 J0.636954 [[1.325341 [1.724718 [2.08596 [2.52798 [2.84334 [3.8493
21 10.256580 [[0.686352 [[1.323188 [1.720743 [2.07961 [2.51765 [2.83136 |[3.8193
22 [0.256432 [0.685805 [1.321237 [1.717144 [2.07387 250832 [2.81876 [3.7921
23 [0.256297 [J0.685306 [1.319460 [1.713872 [2.06866 [2.49987 [2.80734 [3.7676
24 10.256173 [0.684850 [1.317836 1.710882 [2.06390 [2.49216 [2.79694 |3.7454
25 [0.256060 [0.684430 1316345 [1.708141 [2.05954 [2.48511 [[2.78744 [3.7251
26 [0.235955 [J0.684043 [1.314572 [1.703618 [[2.05553 [2.47863 [2.77871 |3.7066
27 10.255858 [0.683685 |[1.313703 [1.703288 [2.05183 [2.47266 [2.77068 |3.6896
28 10.255768 [0.683353 [1.312527 [1.701131 [2.04841 [2.46714 [2.76326 [3.6739
29 [0.255684 [0.683044 [1.311434 [1.699127 [2.04523 246202 [2.75639 |[3.6594
30 10.255605 [0.682756 [[1.310415 |1.697261 [2.04227 [2.45726 [2.75000 |3.6460
o 10.253347 [0.674490 [1.281552 [1.644854 [1.95996 232635 [[2.57583 [3.2903
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SUBTASK 2. EXAMINATION OF KNOCK-OUT MUTANT CELL LINES PRODUCED BY CRISPR-
CAS9 METHOD F{E#% 2. CRISPR-CAS9 75 ESE B E BRI E4AM R AR

In this practical task you will examine constructs created with a modern gene-editing procedure, the
CRISPR-Cas9 technique. With this technique, we can ‘knock out” (KO) genes much more efficiently and
quickly relative to the previously used homologous recombination technique.

HEER M  CSHRE SR EEARE CRISPR-Caso RATFTEISIZEEES o (ERISTERT » ARHH A
PRI EIEEARRNT - RFFLUEARARE I (KO) BE o

This made it easier than ever to investigate the effect of the lack of a gene selected by us. To facilitate
the workflow even further, an antibiotic resistance gene may also be used which is incorporated into our
target gene. This not only renders the target gene non-functional, but also provides an easy means of
selecting successfully mutated cells by adding the appropriate antibiotic to the growth medium

EERMALEUTERZHRRAERMRENBERZFHAEMNTE - HTE—DRETIFRE > AIRRERR
SRR STEADRFIEEHRNERT o BMEERVERREDGSE > MABRET EERBEETHRINE

Part 1. The theory of PCR based gene insertion detection 5 1 &84 IX PCR 7 izt A B EHA KRB

The following task describes the testing of CRISPR induced mutant cell lines using a PCR and restriction
digest based method. Assume that all of the experiments are carried out on diploid mammalian cells.

M EFER PCR FRHIESTIEI 5 AR CRISPR A EMREMIOR o (RRFIA BREE SRSB4
FRIEAT o
Using our CRISPR system, we insert the antibiotic resistance gene (PURO) that codes for an enzyme cleav-

ing the antibiotic puromycin. Due to the characteristics of this method, the PURO gene may be inserted
both ways.

FEFFIRY CRISPR R4S, HFISRISII BT E R IR (puromycin) BERVIEEIERE (PURO) #EA - MRS
Z7ERRE > PURO EE A UMERI G ©

In many cases -not discussed in detail here ~the orientation of insertion has a significant impact on the
outcome of the entire experiment, so as a rule, the orientation of insertion should be checked.

fEFIRIBY CRISPR 4% » EFFZ BT - EREAEHEF R - AT OHBEERNERARETE > AltE
BREEEEATR o

Inorderto achieve acomplete KO we should also determine whether the resistance gene has been inserted
into only one or both chromosomes, since a non-functional KO mutant can only expected in the latter case.

FIFREERREAR—BBERATES -

Last but not least, it should also be checked that the PURO gene is inserted into the desired target area or
if it is at a different site. Some of these different scenarios are illustrated in Fig. 1. Please study this figure
before proceeding.

KZIEEEE PURO BEEERBAZIRNERMENESE, SEZIFEE - R —ERENERERNE
1P o sRTEIEIT T RAISCHELLE 1 -
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. =

D. PURC

Fig. 1. A.: target gene; B.: PURO insertion in forward orientation; C.: PURO insertion in reverse
orientation; D.: PURO insertion into the genome at a site other than the target gene.

1. A: Z/MERA; B: PURO EFELLAIA (forward direction) AR #EA; C : PURO EE UK
miEA; D - PURO EEHAZIEMERLSMIERBLIEEP o

To examine the above insertions, a PCR reaction is designed using three kind of primers. We design
primers to match both ends of the original gene, and a third primer to match the end of the PURO gene
opposite the promoter region (i.e., it is complementary to the 3’ end).

A TRAED EMSBEAABR - HfIRE =85 F, mEn 5L REENMIKECY, 55 =15 F4 PURO
ERREF &AL PURO 2ERRIG BIHARREN 3 Rin) iLHEH o

Then we examine the products obtained in a normal PCR reaction. It is a well-known phenomenon that
in the case of competitive primers appearing during a PCR reaction, the amplification of shorter DNA re-
gion is expected to be predominant. In the following simplified gel images the less intense bands are not
indicated.

ETREFBELETS PCR REDESHNEY) - RFTANNIRKRETE PCR REFERFIESIFEENERT
TRRA T ZIRIEEY) A BIEN DNA EY) - TEIRBENRRBE & > EPRARAIFHE L ARERE

Q.2.2.1 Match the lanes (1-5) of the gel image of PCR products (Fig. 2) with the schemat-
ics of potential genomic insertions (Fig. 3, A-F) with an X in your answer sheet.
& PCR EMRYRBEXEG (B 2) .9k E (1-5) HrfsEmERAREA (B3 A-F)
TEEMRUTE > WESERRU X 5T

Marker 1. 2. 3. 4, 5.
-_ .

— | I

-— .

— | I I
—

— | | | |
—

Fig. 2. Image of gel electrophoresis of PCR products

2. PCR E¥IRY B EXE &
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Fig. 3. Possible insertion scenarios

3. AIAEEEIBA TS R

Now that you understand how to check in general the asymmetrical insertion characteristics of the PURO
gene in diploid cells using a PCR reaction, you may face another issue in relation to research work.

BRAAEE 7 BN fERA PCR REMEERT _ERMAMFHTHBBARR > CR e S EEREMELFE/N

FH—{ERE o

Sometimes it occurs that —again for reasons not described here in detail -the PURO gene has to be sym-
metrically inserted in the middle region of the target gene.

EREEHE PURC ZEEHBEARNERNTEEE » HRETEIERFAREL

Suppose that the 500-bp long PURO gene is to be inserted into the center of a 1400-bp gene. It is obvious
thatin this case the orientation of insertion cannot be detected by the above simple 3-primer PCR reaction,
because the sizes of the resulting products are the same,

{1 500bp &AY PURO ERAEA 1400bp BEMYHC - BEZA » EEREIFER T » @B L HMHER 3-5]1F PCR
REFERDTEARNG M » RAERHHEAL @M > FAISEYMRA/NBZEER

Considering that in this size range, a difference of 100 bp is hardly visible on gels with such resolution, the
above statement can be extended to cases where insertion takes place near the cent of the target.

ZRIEEEARTLERN  FRAEEDPRNRER LATEZDY 100bp ZENR K > EEREATERE
EFR MR th&HREZEDBER

In some fortunate cases, however, both the target gene and the PURO gene already contain a restriction
enzyme cleavage site in an asymmetrical position. In this case, after the restriction cleavage of the PCR
product prepared using 2 primers complementary to the ends of the target gene, the orientation of inser-
tion can still be determined. Study Fig. 4 in the given model system.

28 > E—E=ENBERT 0 ERMEREM PURC BEEAE NHBRHIEIZ (IRE - TEEBERT > Al
RARNEERNMIREME 2 @5 FETHE PCR EY) » LRHWEBIERE - (MBS LREAEBANGM o
BIRFE 4 FrAarIENRAR o
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Fig. 4 Schematic of the restriction based insertion mapping. L = length of the target gene in
base pairs, x = distance of the restriction site from the end in the target gene (in bp), y = distance
of the restriction site from the end in the PURO gene.

4 REBIINEREABZINREE L=RNERNELE UREHE)  x=RNE
IR RGBS ) B R A B R R IR AV BB (LU BEHE) - y = IRFIESTI (L35 4L PURO ER R InRIEE
B o

L X i
A 1400 500 10
B 1000 500 100
C 1400
D 1000

Table 1. L = Length of the target gene in base pairs (bp). x = distance of the restriction site from
the end in the target gene (bp), y = distance of the restriction site from the end in the PURO
gene (bp).

X1 L=BNERANREHREE (bp) - x=RHEIBIEMUKEARNEREKRKNER (bp)y
= FRHIES LI EI(U A EL PURO EERIFAVEERE (bp) ©

In Table 1 you can see different symmetrical insertion scenarios as shown in Fig. 4. Suppose that the
products are amplified with primers complementing the ends of the target gene and then fully cleaved
with restriction enzyme E.

7R 19 GAILEEINE 4 FimARNBBEEERBANGR - RRAZRHNERRKEHIS FIREE
¥) > ZEY)BRAREIES EETRRE
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Q.2.2.2 A - How many DNA bands are visible during electrophoresis after enzymatic di-
gestion when the PURO gene is inserted in the same orientation as the target
genein Case A Table 1.7
MmiER 1 A > E PURO EEMUEFNEREERR S RIEAR > [REIESHCEE
KiBIZHE] R E| %/ DMK DNA?

B - How many DNA bands are visible during electrophoresis after enzymatic di-
gestion when the PURO gene is inserted in the opposite orientation as the target
gene?

E PURO EEMEARNERMB R A BEAR > [REIEETZEEXAEZPIRSD
DNA &% 2

C - How many bp is the size of the longest DNA band after enzymatic digestion
when the PURO gene is inserted in the opposite orientation as the target gene?

E PURO ERURARHERE R REAR > [REESTIEIE &R DNA (FEAIAR/
&%Lbp?

D - How many bp is the size of the shortest DNA band after enzymatic digestion
when the PURO gene is inserted in the opposite orientation as the target gene?

E PURO ERUARHERE RS RHEAR > [REESTIEIE &R DNA IFFERIAR/

=% bbp?

Q.2.2.3 Indicate the letter of the scenario (A-D) with an X in which not even the restriction
digestion method helps to determine the orientation of insertion.
MUX SRR U RHIEIE A iaRkEEHERBAN S RIERN A-D FETARA
BREEEIBALRE o
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Part 2. Restriction mapping of gene insertion § 2 33 EEH A KPR HIESE LB AL

Now that you understand how this procedure works, you will examine an actual gene insertion process. In
the current practical, we attempted to insert the PURO gene with a length of 500 bp in the centre of a 1000-
bp long target gene (for clarity’ s sake, precisely after the 500th base pair) using the CRISPR technique.

RELETHRILBRENAEE SHEGISKRERBARFEZER TEBANERERYT  RMERAER
CRISPR H: i R E % 500bp B9 PURO EEIEAZ 1000bp RMEZEMNERAMEL (BT ERER  18FES
500 iR 2 &) °

Itis also known that the value of X also shown in Fig. 4 is 300 bp, whereas the value of Y is 100 bp.
BXNE 4 P EERE X {54 300 bp » Y BIE4 100 bp ©

The researchers carried out the insertion by CRISPR and selected five genetically stable, puromycin-
resistant cell cultures (P1 to P5). Subsequently, DNA from each culture was isolated, and the DNA region
of interest was amplified using a primer pair complementary to both ends of the target gene.

A BIBIB CRISPRIEITHRAN EHEE T 5 BIEFRERNRICBRNELMMI (PLEPS) - B > MORRE
MEZEMAARRAY DNA > M E R AR ER MR EMHEAYS | FETRIE HERIER DNA R & ©

Of the five experimental products, you will examine two: a completely non-functional KO mutant (P1) and
a mutant with partial loss of function (P2), in which RNA of normal length is transcribed from the target
gene at a rate of approx. 50% in the cells. The goal of your examination is to carry out enzyme restriction
cleavage with the obtained products and to separate the digestion products by gel electrophoresis.

FHEERERD @ CHEAMEREE Hh—ERT2EDENERZIREREE (P1) M3—EThiEHS
RRBYSREAS (P2) » 1E P2 > IERREH) RNA LUK 50% BURAEREBRBERE - THRE BRI LA
BERNEYETRGEEETE » WETRBEXDINRFIEIZINEY

Procedure: 12F :

IMPORTANT! The samples for the DNA analysis are provided in coloured microcentrifuge tubes, in a
storage box.

EZ ! AiX DNA 2T mEA GMERLED » TERERHEFEF

Microcentrifuge tube labelled ‘M’ : size ladder marker #2522 “M” BIMERE 0 E A2 DNA ladder
marker %

Microcentrifuge tube labelled ‘C’ : control which is the PCR product of the original gene &322 “C”
MMEROE | =648 - BFREBEEM PCR EY)

Microcentrifuge tube labelled ‘P1’ : PCR product of the sample taken from P1 type cells #2522 “P1”
BOMRBECVES | 2 P1ARIRZESHA8HT DNA KR4S PCR MO

Microcentrifuge tube labelled ‘P2’ : PCR product of the sample taken from P2 type cells #2524 “P2”
SR OE | X8 P2 2IHH’F!”"“‘*%—E’J DNA #kfZ PCR E#)

. Microcentrlfugetubelabelled ‘E’ : restriction endonuclease (Pstl.) -held onice! 2524’ E B9
EROE | [REIMZEATIEE (Pstl °) -fRFFEALE !

1. The DNA samples already contain the loading dye, which does not interfere with the enzyme activity.
DNA AR E S EA G TEEEMRVERB A -

2.Add2 plof ‘E’ totubes ‘P1’ and ‘P2’ usingthe 2-20 ul micropipette respectively. Set the pipette
to 18 ul and mix the contents of the tube by aspirating and releasing it with the pipette. L 2-20 ul B9 =2
WREM2uBy E B P ' P2 BR - RIRERE 18 pl URENBRSYRILERAXTAIRS ©

3. Clearly label your tube with the abbreviation of the name of country. ZE{RNEF LERIZ LEEX 2B
MBS ©
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4. Place the tubes in the designated dry thermostat (intended for shared use), which is already set at the
digestion temperature of 37°C, for at least 15 minutes (no need to be accurate to the second). The accuracy
of the wall clock in the room is sufficient. #EHEHRAIEENIZAES (AR @ ZLABERKRERE
3TCHNENRETELD 15 08 (BEBREIIT) o & L ENENEER M E B o

5. At the end of the incubation period, remove tubes ‘P1’ and ‘P2’ from the dry thermostat and place
them on ice for approx. 1 minute, then put them back in the tube storage box. TE{ER4EREF » #HEzAEH
BRHE Pl M’ P2 » WHEMERKLLN 1DIE - RAEBEMBREIEFRHESF -

6. Remove the orange lid of the electrophoresis equipment. Check the buffer level in the equipment. The
buffer should cover the gel completely. If this is not the case, pour some buffer into the gel tank. You can
ask the lab assistant for help by raising your red card. BN FEXZSBRNEBRE T - BERBIFPHEEHRIE °
é&%@i&'ﬁ%?ﬂ%gﬁﬁﬂﬁiﬂgt c MRABEREN > AR EHNEER - EAIUBRSAMAEREMESKE

7. Transfer 18 ul into each well of the gel as follows: TERRRIERESEA 18 wl BIiR&SE © (10TF)
Well 1: M@t 11 M
Well2: CHmiE2: C
Well 3: P1 tkmi& 3: P1
Well 4: P2 ¥ miE 4 : P2

8. Put the orange lid back on the electrophoresis equipment and inform the lab assistant by raising your
yellow card.

RIEBEFROEXES L > ARBEFTRANSERE -

Q.2.2.4 Your lab assistant will note the time you started your gel (START). Do not write in
that field. VBB 5C T MG RBEXIIFRE (START) - FEEZEHE
o

9. Get the gel running with the help of the lab assistant. You can turn off the equipment with the power
switch.

EERDHENGE TETREBEX o AU EEERFARMRME -

10. During the run, you can check the DNA bands by turning on the lights. TEEKETH » SR LITRE R
525 DNA &% o

11. Run the gel for 20 minutes, gels run for longer or shorter times will get partial marks. When finished,
call for the lab assistant immediately who will take a picture of your gel. B2 E X7 20 98E > MNEEE
KETREBRNEREFITIHLDDEH - BN EXE > FHIUANEMNBEENIER AIERERBRE -

12. Signal to the lab assistant by raising your yellow card.
BEMNSRRIBH BB -

Q.2.2.4 Your lab assistant will note the time at the end of your gel run (END) and pho-
tograph your gel. Your gel running time (TIME) will be calculated based on your
start and end times. Do not write in these fields.

TN BB St RB BB THAERRFRIE (END) A REBIHE o SRR
yafN4E R BBt B ISRRBETRE (TIME) - FAETELEHEF ©

Q.2.2.5 Enter the three-digit number located on the gel tray on the answer sheet (CODE).
Your score will be identified based on this.
TEZS LR TRBIEE EAN={I81F (CODE) ° 87D BUFLAULLRFEST

If you have entered the number on the sheet and the picture has also been taken, you will receive a virtual
gel image from the lab assistant. Use this image to answer the following question. Lane C is the control,
non-digested sample. Lanes (P1-P5) are five puromycin resistant cell lines.
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MRCEABTRELBATHFUEEHRRTRA - R EREBIEEWE ERERER - (EALE R RE
TUTRE o k8 C SHRERIEINER ° X8 (P1-P5) BRERGBHIRRBRNZELMARS -

Q.2.2.6 Indicate with an X in your answer sheet all type(s) of PURO insertions, as seen in
Fig. 1 (A-D), found in samples P1-P5 on the gel image you received.
TEMZ RS LA XFETHEKREIRNBERGH P1-P5 mPrAERIE 1+ (A-D)

F7RBY PURO fEARIFRALEE -




