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Practical exam, Animal Physiology
Instructions of this exam

1. To see the Photoset No.1 and No.2, you have to connect to the server with information below.

Find the URLs of your country’s server at:
https://bit.ly/IBO2020file
or refer to the URL list at the end of this exam file/booklet.
OB B NAEA - EE LARSEESREA 1 RRBRRHE2
BB RAIEREX AR URL
https://bit.ly/IBO2020file
NEER BN EREIRMHA URL REXHRAIBEZR -
Then, enter the server using the following username and password.
Username: ibo2020
Password: ibo2020apnagasaki
EANAREE - WARE RN
MRS%: ibo2020
215 ibo2020apnagasaki

If you have a connection problem, try the following alternative servers:
Competitors in Asia, Oceania, or America: 18.181.44.86/index.html
Competitors in Europe: 18.194.137.48/index.html
or 3.126.91.168/index.html
NEREREL - DILUAB NAE AR EAS
M - AEM - EMBIZRRES: 181.44.86/index.html
BOMBI KBV SF: 18.194.137.48/index.htm
8% 3.126.91.168/index.html
You can see photos in each file when you click it. Click a selected photo to see its enlarged
image. Use the Back button on the browser or “previous page” button to return to the previous
page. If there is any trouble (for example, it freezes, you can't see pictures anymore, and so
on), press the reload button on the browser.
HES—EREGHRIUEIREREANNRR - URHERFIZEHENERE RERAE - ZZ[EE—R
- OJMIFBIE &8 £/ Back #2380 A1E (previous page)# - MIRRAHANREE - Al EH X
BEEMNE R - #HZEE LW reload SBUAEEIEEE -
2. Write your signature on each page of the answer sheet.
FEEESLB—RESR




Practical exam, Animal Physiology
To understand functions of various tissues and organs in adult animals, it is important to study how
they are created. This practical exam involves two tasks aimed at understanding cellular and
molecular mechanisms regulating animal development. Answer the five questions in Part 1 and the
two questions in Part 2.

ERETREYNFERZTEHBREENIISG - Bl Y#BMPUNaHEIEHREFEEEN - AEFBEE
ZEMEZ S  EXZEHWERNEYRBBET D FAAS%E - FHEE o ABUKRE
B33 B AR

Part 1

Photo set No.1 on the server has photographs of sections of a 2-day-old chicken embryo (Figure 1).
Observe the sections and answer the following questions.

fEhRes RS —ER R ABMRKAKWHKI A (B —) - 8=t/ LOZE NI/EE -

Figure 1

1:gA chicken embryo (E) was cut into 7-uym sections from anterior (A) to posterior (P). Here, the
chick embryo is represented by a triangular prism.

M ERTIR(A)EI B IR(P)A 7-um BEEED R - EILEZ#MRD = AEET -

2: A photo of each section (#1-396) was taken from the front side (A).

A RIBTENENE—TI /R #1-396)FTE PR R

3: In each photo, dorsal (D), ventral (V), right (R) and left (L) sides of the embryo are shown as
indicated.

RN R BERRUENER: 5RI(D) - EBRAIV) - BRIR)REZRIL)

Q1. You can find several sections that resemble the diagram in Figure 2A. Choose one of them and
draw it. Your drawing should show structural characteristics of embryonic tissues as detailed as you
see it in Figure 2B (e.g. cell membranes and nuclei). Draw your answer as large as possible in the
frame of the answer sheet. No labeling of the embryonic structures in your drawing is required. [20
marks]

2A BEDUIRPIAESHINEBE R - FEE—ELE R - NE 2B - (RSB REOIEEFRINE
IRPrER BRI A S 2 A B E(HI AR I8 R AR 4%) - W olsEth BB £ mEB BB REP - RFI4E
A B P A RIZH MR 4E15(20 77)

D Figure 2A: Schematic diagram of a section of the chick

embryo
N: the neural tube
SS=—=2 L: lumen of the neural tube
D: Dorsal side of the embryo
g V: Ventral side of the embryo

2A R R REE




Practical exam, Animal Physiology

N: JEE

L EERER:
D: FERAES I

V: FRRAREE

Figure 2B: Example answer for a sketch
of chicken embryo.

Bl 2B: #MFEE XM

Q2. The neural tube (N in Figure 2A) extends anterior-posteriorly. Examine all sections on the slide.
Reconstitute and draw the shape of the entire neural tube from the most anterior to the most posterior
end, as if it is viewed from the dorsal side of the embryo. Pay attention to projections and change of
the diameter of the neural tube. Draw with the anterior at the top of the frame, and posterior at the
bottom of the frame, as large as possible. Note that the embryo may have a slightly curved shape. [15
marks]

HEE (B 2A PN ) EpinEER Rl - BRKEHK A EFABERITIR - EHTERIIRER &EINE ME
1?JE%€’%EI’\J§Q1IE$$%§%:EI’\JH5# - RRLERIRF S R AMEEEEREE A Fﬁ% BRELS &
BRRLTS - BUEER—# - IR - KRR REMEMRITMR -

Q3. When an external electric field is applied to a cell, structure of cell membrane changes and
small holes are formed temporarily, allowing macromolecules to enter the cell. Plasmid DNA for
expressing GFP, green fluorescent protein, in cells was injected into the lumen of the neural tube of
a chick embryo (L in Figure 2A). Electrodes were placed on the left and right sides of the embryo,
and an electric field of direct current was applied. Using this method, GFP can be expressed in
neural tube cells. In Figure 3, an embryo was sectioned and sections were viewed from the front
side. GFP protein signals were observed. Consider how the positive and negative electrodes are
aligned, and fill in the blanks A-D in the following sentence. [4 marks]

EHMARG T —RMNMENERA - JHREIARENERREEEMESEREA—E/NLEADF
R ERESDE ARG - REBXROJLIAEEGARRIE GFP ( #22XER ) WERS DNA T A M A
B (B 2ANL ) - BESNEHRMRLARE - LA Eauuﬂlﬁi BNo] e A EMMEERIR GFP -
IR ABEREIEETEREE GFP SRRBZH#M A - 55 BHARBHYTHES - WHE F
QFPEHEES AZIDEME 7) -

DNA contains [l which are [B|, and therefore, plasmid DNA moves towards the [C| electrode. The D]
electrode is placed on the right side of the embryo.

= [AJ% DNA 2B - 2524 DNA [ [C|B157% 8 - DB E R

choices of [A:

1. phosphate groups
2. bases

3. pentose sugars

4. hydroxyl groups

AlroiER1E
BAEA IR
2. W@mE
3. AfxwE
4, @&ER



Practical exam, Animal Physiology

choices of [B:

5. negatively charged
6. positively charged
7. neutral

BlroiEIE

5. FAE

6. WIEE

7. Bt

choices of [C| and D}
8. negative

9. positive
10. neutral

C]% DlroieiE
8. WEAE
9. BIEE

10. EHH

Figure 3: Neural tube with overexpression of GFP protein.

A: Nuclear DNA staining in a section of the neural tube. B: Bright white GFP-positive nuclei were
detected.

C: A schematic drawing of the neural tube in A and B showing dorsal (D), ventral (V), right (R) and
left (L) sides.

B = - BEXRR GFP EANMBKE

A. BEER ERER DNA

B. Az AISRAE®E GFP KATMZ

C. ZABMEBEFHEEZREE - EPDEREA - VEIEA - RBARA - LBAEHA -

Q4. The neural tube is regionalized along the dorsoventral axis, as shown in Figure 4. Different
types of neurons are generated in each region. An experiment was conducted to examine how a
secreted factor, Wnt3a, is involved in the regionalization of the neural tube. Wnt3a is the ligand of
the Wnt signaling pathway (Figure 5) and its mMRNA was detected only in the D1 region.

Wnt3a gene was overexpressed in the neural tube of the chicken embryo using the same method
and position of the electrodes described in Q3. The embryos were sectioned as described in Q3 and
localization of three proteins, P1, P2 and P3, was examined (Figure 6).



Practical exam, Animal Physiology
ME 4 s - wEERESERHIMNES HAENEE - SEREJEEFCEREENSLT - T3IE
ERBlta RS 2w EF Wnt3a SEGEMEEN S RIZRERE - Wnt3a 2 wnt L 2 EEREHVECRE
(ligand)(@E ) - Wnt3a B mRNA {£0] £ D1 EfE&IS AR - A FHEE =B ER AR
BEREE  NEBROEHELEDPRIBAEN Wnt3a EF - IHE 3 - BHETRE - BE T =&
EBEP1 - P2 R P3HRBEUE (EX) -

Figure 4: Schematic diagram of neural tube differentiation
The neural tube is divided into several dorsoventral regions, and different
neurons develop in each region.

B - EEERIREE
BEEIIRBESER -  HE—EREPEEHAR@&ET -

A i B
1 z 1 Fz
4 A 4 2 Ny
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. / \_ J

Figure 5: Schematic diagrams of Wnt signaling pathway

A: In the absence of the Wnt ligand, the complex of GSK3 and Axin phosphorylates B-cat and
degrades phosphorylated B-cat. In the nucleus, TCF binds to the regulatory region of the Wnt t
signal target gene and inhibits its transcriptional activity.

B: In the presence of the Wnt ligand, the Wnt ligand binds to the receptor Fz, and upon
stimulation, intracellular DVL binds to the intracellular domain of Fz and inhibits GSK3 function. As
a result, B-cat is not degraded and translocates to the nucleus. In the nucleus, B-cat/ TCF
complex binds to the regulatory region of the target gene of the Wnt signal and activates its
transcription.

1: extracellular space, 2: cytoplasm, 3: nucleus

Bf - WntillRBEREZREE

A ERZ Wnt FCEERIAR T - GSK3 IR Axin RUE SRS D] Bk (b B-cat i3 — D E2HEEZ (EAY B-
cat - TEANBZA - TCF EIR Wnt :AEN& 54 5 10 B {5 14

B : & Wnt FRS 7R - Wnt BEciSZ IR F z 55 HRIAAIAR AR DVL IRAIMRA Fz Z @ U451
107 GSK3 RITNEE - AL B-cat A Z KRR H B MMRZ S - EAMEZTS - B-cat 22 TCF

A5 %S B-cat / TCF IE2 Wnt 5% 2 B R ER AR REA S MECEIRIER -

1: ARESNVER - 2 AIIRE - 3 ARt
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Figure 6: Expression of various proteins in the neural tube when Wnt3a was overexpressed.
s D1 :

................................

A: Nuclear DNA staining of a section of neural tube with region names. Localization of P1 (panel

B), P2 (panel C) and P3 (panel D) protein shown in the same section of A. Top of the pictures is the
dorsal side.

BN - & Wnt3a #BEFRIRE - MEAEDHRRBNZBEAENH
ABBLREE Z@&EL) R LA DNA F3RE -
B.P1HaMmUBEEAMERTIR)

C.P2mnmuEEAMEIR)

D.P3 M mUEEEAMER)

&l /18 A& 5




Practical exam, Animal Physiology
4-1. Based on data from these experiments, identify the localization of the following proteins in the
neural tube of a NORMAL developing chicken embryo. Choose the best choice of localization. [4
marks]
proteins:
4-1-1: B-cat in nuclei
4-1-2: TCF in nuclei

KIEBRFTGEE BRI LEREZEMMLEMRENERERHEBYE  ERHREREREEN
a4 )

4-1-1: B-cat TEARRRIZAN

4-1-2: TCF ZE4RfEZA

choices of localization:

a. Present with similar expression levels throughout the neural tube

b. Present throughout the neural tube, but stronger on the ventral side and weaker on the dorsal side
c. Present throughout the neural tube, but stronger on the dorsal side and weaker on the ventral side
d. Localize only in D1.

e. Localize only in V1.

RIENUEREIR

a EREGEEPHRFRIEARBEELLHED

b AEEEMEEPETRIR - BREHEEARRIBELLRR - BRISLLRS
cHEEEMEETHIRER BEESMNFIRELLRR - EAIKRIRELLKSS
d. AKRIEE D1

e ARIFHE V1

4-2. P2 protein regulates differentiation of neurons in V3 region of the NORMAL developing neural
tube. Which of the following is the most probable mechanism of P2 to regulate neural differentiation?
Please answer based on localization of P2 protein in cells of V3 region in Figure 6 C? [2 marks]

a. P2 acts as a transcription factor and represses the expression of another gene.

b. P2 is secreted extracellularly and activates a signal in another cell.

c. P2 acts in the cytoplasm and transmits the signal received by the expressing cell.

d. As a transmembrane receptor, P2 binds extracellular proteins.

4-2 HMEEERBEBR - P2 EAEHAE V3 WHENEIRS -

NolfuE ol &SRR P2 AT EZHE? FikiEE 6C V3 & P2 &8 7B MR
(29)

a.P2 EBEEFHNEEmESIH EMIOERNZRIR

b.P2 EBARMESN W B & E B E th AR RVRT 5%

c.P2 fER&E A E R B X FR IR A PR a0 R 5%

d. P2 IEAMRME FESRNAS - SRARIMIERELES

4-3. In the following experiments (4-3-1, 2, and 3), wild-type or mutated components of the Wnt
signaling pathway (see Figure 5) were overexpressed or inhibited in the neural tube. Indicate the
expression region of the specified protein using Figure 6 as reference. The schematic diagram of the

neural tube on the answer sheet shows the dorsal side at the top. Indicate the protein expression
regions by painting a schematic diagram of the neural tube with a pencil. [12 marks]

4-3 £ MBS (EER 4-3-1, 2, and 3) - REFERKREAH Wnt Sl 2 EELRVMEMETT - EEHLET
BEYIHERIR - FK&T wt BB EMEZAR - BE2ZEN - BEBAREANRRUE - EX
EPRRE LS ABEENSR - ARGSEHEE LERAIERENRERE(12 7)
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2 PN Example answer 2:
oo [ Protein P1 is expressed in D1 and V3 on the left and right sides of the neural
'jjjﬂl', ,,,,,,,,,,,, | tube, respectively. Note that this schematic figure of a section of the neural
va e / tube is viewed from the front (see Figure 3C for its orientation).

S|

ERE P RFRREBEELAREARAND1 KV - FEIERGEETRZ
WERIHEE (S RFEZ%EE 3C)

4-3-1. What is the expression region of protein P1, when the gene encoding a mutant B-cat protein
(with an amino acid mutation that makes it non-phosphorylatable by GSK3) is overexpressed in the
neural tube with the method and position of the electrodes described in Q3?

MRS = Err AR A REBECE - SHEERBERIRREN B-cat 8 ( Bl—E
REMESEGHE AN GSK Bkt ) - Bl P1 EREMREBNRERD ?

4-3-2. What is the expression region of P2, when the translation of both DVL and GSK3 is inhibited
on both sides of the neural tube?

HBAEMMA DVL 2 GSK3 M IGHHIHIR - Al P2 ERERRNEREAT ?

4-3-3. What is the expression region of P3, when the gene encoding the TCF protein is
overexpressed in the neural tube with the method and position of the electrodes described in Q37?

MRS = Err IR A NERECE - SHEERERIE TCF &R - AIP3ERE
FRRIRAE A ?

Q5. After Wnt3a was overexpressed in the neural tube as described in Q4, 5-bromo-2'-deoxyuridine
(BrdU), a thymidine analogue, was added to culture for 4 hours. The embryos were then sectioned,
BrdU was detected with anti-BrdU antibody and nuclear DNA was stained (Figure 7).

WMERE 4 PR SEHEEBERIR Wnt3a EHER - w4AIREEEDPINA 5-bromo-2-
deoxyuridine (BrdU) ( thymidine Z {184 ) BEI/NKEUIER - 2 AR BrdU Z 2R8I K 4
F% A DNA(E 7) -

Figure 7: Localization of BrdU-positive cells in the neural tube with overexpression of Wnit3a

oy W T o -
A ,f:'qt{-. e eaLaL e %ﬁ,u ' BC % a%a----Tvs
’

B R

- -~ -
----------------
‘‘‘‘‘‘

A photograp of a setion swing nuclear DNA. | '_ A
B: the same section in A showing the location of BrdU. C. merging of A and B photos.
The dashed white line indicates the neural tube.

B+ - BERIEWNt3a ZHMBEEPS BrdU ZAIRMAE
A. BURRLEAIMRZ DNA TR Z8R A

B. EAMEIARF BrdU 28R A

C. ABMBEZ&HER

HEERRBKE
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5-1: Where is BrdU detected, concerning their cell cycle stage? Choose all possible options. [2

marks]

a. inall cells in the neural tube

b. in cells that were in G1 phase during culture with BrdU

c. in cells that were in M phase during culture with BrdU

d. in cells that were in S phase during culture with BrdU

e. in cells that were in G2 phase during culture with BrdU

f. in cells that were in S phase at the onset of culture with BrdU, and entered G2 phase during four-
hour culture with BrdU.

g. in cells that were in G1 phase at the onset of culture with BrdU, and entered S phase during four-
hour culture with BrdU.

h. in cells that were in M phase at the onset of culture with BrdU, and entered G1 phase during four-
hour culture with BrdU.

i. in cells that were in G2 phase at the onset of culture with BrdU, and entered M phase during four-
hour culture with BrdU.

5-1 ZEMHRZAIRBLE - BBLEARILOAE BrdU? ELAATENER 2 7)
PR B ERVANRe

BrdU IE&FER G1 HRVAHME

BrdU IH&RFER M HARVAR A

BrdU IB&FER S HRVANME

BrdU IH&RFER G2 HRVAHAE

BrdU BIMNARSER S HARVARME - BrdU F/N\ESIS RS EA G2 BIRVATR -

BrdU BIMNARER G1 #ir0AHM - BrdU PSS ESEA S BARVARM -

BrdU BINIARER M ERR9ARMR - BrdU T/NISIBEREA G1 HAR94HRR -

BrdU BIMNARSER G2 EARVARKE - BrdU [W/M\FIEERIEA M BIRVARAE -

-~ 0o a0 T o

= @

5-2: From the previous experiment, you hypothesized that higher levels of Wnt3a protein promote cell
division in the neural tube. Using Photos in Figure 7, you decide to design an experiment to test this
hypothesis. In this experiment, you will determine numerical values from counting the number of cells
in two of three groups listed below, each in two different selected regions of the neural tube. [15
marks]

Value Options:

a. Total number of cells

b. Number of BrdU-positive cells

c. Number of BrdU-negative cells

W ZAEE - RO LURESRER Wnt3a ol e EREEPAMN A E - MBE 7 WER A - RO
sT—EERREEEERR - EEEERT - LN ZIREBEEMIE  SIETEHEMLED
ELRMIE AL &P ARNEE (15 79)
HEER
. AR AR
B. AJ#H BrdU AMAEE
C. #)A7 BrdU ANV EE
The answer should be written down in the following way:
¢ In A1 and A2: enclose in a box the part of the neural tube which you have used for counting.
¢ A3 and A4: write down the cell number you have obtained through counting (choose two values

from Value Options, i.e. choose only two-rows to fill out in both columns.).
¢ Ab: write down the formula you have used to obtain final numerical value for comparison.
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¢ A6 and A7: Write down final numerical values in the two regions, based on which your
conclusion will be drawn.

AR MR RELRER
A1 B A2 EREE LU BRELIRMETSNEE
A3 B A4 F MRETEMFMAREE (EBEERTEMIRENT - IREIME S {EFHIERTT)

A5: B NMRESERAZRBERLGTEALLR AT
A6 AAT7: B NMERSFHNEAEE  DUILRIRBFLER -

10
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Part 2

o

FE_8450

Q1. The development of the ascidian embryo has been studied for more than a century. The lineage
of the embryonic cells is invariant, which means that the number and position of the cells are the
same between individuals. Figure 8 is a schematic diagram of the 32-cell stage embryo and shows
the cells' names. Researchers identified various transcription factors expressed in specific cells at
the 32-cell stage.

Embryos in photo set No.2 are 32-cell stage embryos stained to show mRNA for gene W in bluish-
black color. Several individuals are shown from various viewing angles.

BEH 1 BHEBERREEBREZMACER 1 L - MIEMAREREAZ T - BIARERZE AR
HERUEIZHEWN - B 8 H—1E 32 A RMBIREE - BHER 7 SAMNEHE - HEA
B 32 i ERERNEEMARES - HELSEEERR T -

F2HARRA 32 AR - HEE W mRNA $ERERE - ZBUAENEERZEE

@z -

B6.3

Figure 8: Schematic diagram of the ascidian embryo at the 32-cell stage.

A: Animal pole (top) view, B: Vegetal pole (bottom) view.

Names of the cells are shown in the diagram (ex. A6.1, b6.5). Names of cells in the animal
hemisphere begin with a or b. Names of cells in the vegetal hemisphere begin with A and B.
Anterior cells begin with A, a, and posterior cells begin with B, b. Cells that contribute to the right
side of the bilaterally symmetrical larvae are distinguished by underlining. Cells in the periphery
are shown in both diagrams. Gray circles are nuclei.

8. BH1A 32 MAEME R R R E

B YIB(JRER) R, 1EEMIR(EE)EHRE

P EUR AR (B0 : AB.1; b6.5)

EFFIKRVAIIRI a A b FEW R - EYFIKRAIRL A S B FEEwmR ; Tailn/5ERIARIELL A,
afiEm® - Bl mAARL B, b MEmE - BRZEMNEABENNBLENARUERET
™ IREENARKMRETIIEEIR - KEEBARAEZ

Photo set No.2

Images of each embryo are placed in separate lines on the server. The focal plane is arranged
from the front to the back.

mRNA of gene W was stained blueish black. In ascidian embryos, mRNA is detected primarily in

the nucleus. 5 2 #H8B A
ZMBNEGENNERENABNUE - SN ERAIEEEES)
EE W mRNA #EEERE - iZ mRNA = EE8HERBOMAMRZPRERNR -

11
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1-1. Observe the images in photo set No. 2 and identify cells that are stained. Use the information
shown in Figure 8 to identify the cells. Circle the name of stained cells on the answer sheet. [15
marks]

1.1 BI85 2 AR A PTG HESCRSAR - FIFE 8 FrIENEMANEZAR  EEXRSE
D LB E AR R - (15 7)

Q2. In cells, whose names are enclosed by boxes in Figure 9, mRNA of the gene that encodes
secreted factor X is detected at the 32-cell stage.

Q2.7 32 AfEPEER - W EF X RAIEREAI mRNA - £8 9 I LIA B ERARASIRAZ ?

B6.3 B6.3 B6.3 B6.3

Figure 9: Expression of a gene that encodes a secreted factor X at the 32-cell stage. The names
of the cells that express this factor is enclosed in a box. A: Animal pole view, B: Vegetal pole view

9 32 MRS MATF X NERRKRER - FRBZEFRAR - H2FLUHGBET - AfLE
YIRB(TRER)ERE - B:IEEIR(TREL) =

At the 64-cell stage, the daughter cells of the A6.2 cells express gene Y that is required for
mesodermal differentiation. The following experiments were carried out to examine how the
expression of this gene Y is regulated.

£ 64 AMMPEER - AHE AB.2 WFAIMMERIBER Y - IbAPMEDEFIVE - THIBERRR TR
EERAEY KRR -

Experiment 1: The daughter cells of A6.2 cells did not express gene Y when the embryo was treated
with an inhibitor of the receptor for secreted factor X.

Bl 1 MIRERWEF X ZRIGIHERB - B4R A6.2 7 F M AERIRER Y

Experiment 2: The daughter cells of A6.2 did not express gene Y when A6.2 cells were isolated from
the embryo and cultured in isolation.

B2 B4R A2 BRI BT EEEER  HFARAZRREAY -

Experiment 3: Four A6.2 cells were collected from four 32-cell stage embryos and cultured together.
The cells were in contact with each other during culture. Daughter cells of A6.2s did not express gene
Y. The results were the same when the number of A6.2 cells that were cultured in contact was
increased.

Ein 3 - BIU1E 32 AAMRREERAOMRRE - D BEL U{E A6.2 AifRE  ETHEIEE  IBENARERILoEE
g B A6.2 Al FAIMMASRIRER Y - IBMNEBNVAREER - HERNAMEE -

Experiment 4: The daughter cells of A6.2 expressed gene Y when the expression of gene X was
suppressed in either A6.1, A6.1, A6.3, or A6.4 cells.

12
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B4 ZA6.1, A6.1, A6.3 5L A6.4 F - E—AIMRAIER x ZFRIBHINGEE - 41E A6.2 RIFHARAE
HERBEAY -

Experiment 5: The daughter cells of A6.2 did not express gene Y when the expression of gene Xwas
suppressed in both A6.1 and A6.4 cells. The results were the same when the expression of gene X
was suppressed in both AG.1 and A6.4 cells.

B2 5 24000 A6.1 & A6.4 OER X RIBRRHIHEIR - A A6.2 WFARAZRIBEEAY &M
e AB.1 & AB.4 ROER X RIBERHANGEIR - FIS&ERITE -

Experiment 6: The daughter cells of A6.2 expressed gene Y when the expression of gene X was
suppressed in both A6.1 and A6.3 cells. The results were the same when the expression of gene X
was suppressed in both A6.1 and A6.3 cells.

B2 6 24008 A6.1 0 A6.3 RUER X FRIBEIRHHNHEIR - A8 A6.2 WFABoIRIBERAY - E40
AB.1 K& A6.3 WER X RIRERF NG - FrSERINE -

2-1. Using the results from experiment 1 to 6, choose the smallest possible combination of cells that
must secrete factor X for daughter cells of A6.2 cells to express gene Y. It may happen that not all
columns

of A1-A5 on the Answer Sheet are required to be filled in. [10 marks]

2-1 RIFER 1 26 NER - BHLORADWAF X WAIRILEE A6.2 NFABERBLHERN Y W&D

e BESD A1 E A WRAIATREAEZEHER (10 2)

Answer example:

There are two possible combinations.

Factor X secreted from a6.6 alone can induce Y in A6.2.

OR

Factor X secreted from two cells [b6.6 AND b6.6] can induce Y in AB.2.

i

s
A
=

e R
AMECENAS -

BB A6.6 0w X BFa5|341k A6.2 RIZY -

g,

I E4HPE[b 6.6 F1 b 6.6]703% X AF oI5| 341k A6.2 RIFY -

A1 A2 A3 A4 A5
a6.6 b6.6
b6.6

2-2. Choose all possibilities from the following that explains the results of experiment 2 and 3. [4
marks]

a. X is not transcribed in A6.2 cells.

b. X is transcribed but not translated in A6.2 cells.

c. X is translated but not secreted in A6.2 cells.

d. X is secreted, but the receptor for X is not expressed in A6.2 cells.

22 BNDELFAIRUEEEER 2 M 3 AR ? (4 7)
a. X AZWAMME A6.2 EER -

b. X Z#HAMME A6.2 EHERBAIEE -

c. X SHRAIM A6.2 EEEBADW -

d. X W BN A6.2 AFRIR X BZEE -

13
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2-3. Gene Z that encodes a transcription factor is expressed specifically in A6.2 cell. Inhibition of
translation of Z abolished the expression of gene Y'in the daughter cells of A6.2.
You would like to test the hypothesis that Z and X are independently regulated factors that cooperate
to regulate gene Y expression. Design the three experiments to prove this hypothesis in addition to
experiments 1 to 6 and predict the results of each experiment if the hypothesis is correct.
Select cells to be manipulated in A1. Write the choice of experimental manipulation for that cell in A2.
Write the name of the cell to be analyzed in A3. Write the possible result when the hypothesis is
correct in A4. In each experiment, choose only one of the options for A1, A2, A3, and A4, respectively.
[15 marks]

2-3 B[ Z Rt 7 —EEAE A6.2 E—MithRIBHNEBER T - 1% Z EZES EAR A6.2 BT 41k
ARERBER Y - (R85 NERER - B Z M X BB URVRERF - BdHRAESHER Y /KRR - R
THIMER 1 £ 65 - BRET=EERLEREILRE  ERKRAENRR N  RASEERNER -
A1 PIEARRZERAMR - A2 PELFETHERRZE - A3 PELZEHEOTAR - RRRERDBHN
OB SRIEA A4 - EREBRYD - IKFEHE A1, A2, A3, and A4 D RIELH—EZEIE(15 7) -

choices of cells to be manipulated/observed:
a. A6.2
b. A6.1, A6.1, A6.3, A6.4

ORI R AR 2 B IR

a. A6.2
b. A6.1, A6.1, A6.3, A6.4

choices of the experimental manipulation:
a. overexpress gene X

b. suppress translation of X

c. overexpress gene Z

d. suppress translation of Z

e. overexpress gene Y

f. suppress translation of Y

BERETEER
aBERIFERA X
b 3N X fAyBEzE
CBERIRERZ
d. 0l Z BoERE
e BERIRERY
£ Y fsssE

choices of the results:

a. Expression of gene X was decreased

b. Gene X expression was elevated

c. Gene X expression remained unchanged
d. Expression of gene Y was decreased

e. Gene Y expression was increased

f. Expression of gene Y was unchanged

g. Gene Z expression was reduced

h. Gene Z expression was increased

i. Gene Z expression remained unchanged

BRERNER
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2R X WERIRRED
R X WFRIFIZBM
HEHE X WRRAZ
HE Y WFERIRRE D
HE Y WFRIRBM
HEHRE Y WERIRAE
. 2R Z WERIBRED
. B Z ERIRE M
i. BEREzZWRIRAZ

-~ 0 a0 T o

o Q

End of Practical Exam 1.
EEHIER 1 44R
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