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Dear Participants, S =Y EE
® In this test, you have been given the following 2 tasks: A0 &/ ARH

Task | (35 points)

(1) Study of promoter-driven regulation of gene expression. (20 points)
RS TSR R ER < SR 5T
(2) Characterization of the relationship between genotypes and phenotypes

(15 points). fAiG PRGN R SRS E RUE B (4

Task I11: Observation of meiotic cells in preserved rye anthers (15 points)

PSRl BT S e SaET SeaESiiliD

® Write down your results and answers in the Answer Sheet. Answers written in the
Question Paper will not be evaluated fF & E4 FEE » /8 FEERB AR P14 -
® Please make sure that you have received all the materials listed for each task. If any of

the listed items is missing, please raise your hand. FEERFAE IV E S8 S HN e E

MHFEER » AN X -

® Stop answering and put down your pencil immediately after the end bell rings. The

supervisor will collect the Question Paper and the Answer Sheet. $5EE2ERS » TTZIHE IR

fEE - B FEATE BRI S AR -

Good Luck!! BIRiFE
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GENETICS AND CELL BIOLOGY

BEEAREEYS

This practical test is composed of 2 tasks.

AEEE R AE

TASK 1. (35 points)
F—ARE (3577)
(1) Study of the promoter-driven regulation of gene expression
BT B AR < SR 55

(2) Characterization of the relationship between genotypes and

phenotypes
i PERE R PR BT B R B R A RR (%

This task is composed of 2 parts.

AR WS
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Materials and Equipments
P RS

On individual Table

=1 [
51 X

1. Fluoro-spectrophotometer
BT

2. Microfuge tubes containing 50 pL each of nine differently-labeled plant extracts. Two
identically labeled tubes are provided for each type of extract (2 x 9 = 18 tubes) The
transparent tubes are for the protein assay, and the black tubes are for fluorescence
measurements.
9O 3 TR ERELE - NS 50 uL oy Il AR FE YRR 2 20K - A
WS © (2x9 =18 57) - BEHNER L E BN E S EREHE - ZREEE

OEBERARECHE -

Label Treatment Label Treatment

S FL P L

WT-0 Plant WT + distilled water

Plant WT + 1 uM hormone H

WT-1 WT-100 Plant WT + 100 uM hormone H
iKY (#z H)
dA-1 Plant dA + 1 uM hormone H dA-100 Plant dA + 100 uM hormone H

dAB-1 Plant dAB + 1 uM hormone H dAB-100 Plant dAB + 100 uM hormone H

dABC-1 | Plant dJABC + 1 uM hormone H | dABC-100 | Plant dABC + 100 uM hormone H
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3. 12 mL Bradford reagent in a 15 mL plastic tube (Bradford reagent is used to determine
concentration of protein)
—37 15 mL ¥R 45 12 mL /9 Bardford }&55% (Bardford J257%& 0] DL 3 HIE &

HIRE)

4.1 mL of 1 mM MUG (fluorescence substrate to measure GUS activity) in a microfuge

tube
—SMERELENEA 1 mLFY 1 mM MUG /AR (MUG 2 —EEE2E - [ LI

A GUS HYETE)

5. 12 mL of stop reagent for the GUS (enzyme B-glucronidase which converts MUG into
MU) reaction in a 15 mL plastic tube
—F 156 mL #EBE NEE 12 mL /Y GUS 4% 11 (GUS &—7& B—glucronidase {2 »
HfRE MUG #54LE% MU)

6. Two DNA size-marker tubes (labeled M, 50 uL each) and eight tubes containing EcoRI-
digested DNA (labeled P1~P8, 50 uL each)
2 7 DNA R Be AV MERCE (FRRC M > %7 50uL) » 8 57 &5 EcoRI EREH Y DNA
i B (250 Ry P1~P8 » £75 50ulL)

7. Two microfuge tubes labeled as GUS BL and Pro BL, respectively.
A 2 SZEREVE T HIERC B GUS BL B Pro BL -

8. Three micropipettes (one each for 10-100 puL and 100-1000 pL, and a fixed volume

pipette for 20 uL)
=N MEE (RE T PHEAZIE > 43 A1 10-100 pL B2 100-1000 pl o — 37 B [EE

ZIFE > 20 plL)
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9. A box of yellow tips for the 20 uL and the 10-100 uL micropipettes

= ORETEDA 1 & (7] 10-100 pl LR E 215 20 pl =B {EH)

10. A box of blue tips for the 100-1000 puL micropipette
B i E R EH 1 & (At 100-1000 pL &R E )
11. A DNA electrophoresis apparatus, equipped with a 1% agarose gel in 1X TAE gel
running buffer. If your gel is broken, raise your hand for assistance.
DNA Skt - e 1% HEAEEEE » B IX TAE K& ER - MERBEAEBRZT
& BIRETMRIVBIA -
12. A tip disposal container {WEWENEZE -
13. Polygloves B FE -
14. 25 cuvettes for the Fluoro-spectrophotometer
25 EEEE R R
15. A calculator EEit#%
16. Atimer EfiFES
17. A Scotch tape B7F
18. An ice bucket filled with ice  ZE5 JKEBRAY KA
19. Microfuge tube racks ffE gk VEE S
20. Green card %:tFH
On the common equipment table
FHEEERFIFE
1. Gel documentation system equipped with a UV source

ahH UV RIS el
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Handling of Micropipettes

g2 A%

EE R E oI RBZE

201L 0 100 uL 100-1000 uL
fixed i u S " e

Plunger
Tip-ejector
=]
Rt
Display
ZESR
Tip-holder

IR & B
o 323

Adjustment method FFEAE,

Turn the plunger to set the volume to the desired value, which can be seen in the display
window. Remember that each micropipette has designated range of volumes as indicated on

the pipette. Do not exceed the limits of this range.

A FHPEAT IR B s 21 el A B Fr R VBRI » IR ZIE BN B FIFTRR A - 57
PR E VB R EEC RS IR TR 17 SRR N i -
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Usage method g R 7574

1)

2)

3)

4)

Secure the pipette tip to the tip holder. Gently push down the plunger to the first stop.
HEE RIS E IR R E BERE - FHEERIE—BE -

Hold and lower the tip down into the solution to a depth of 2~4 mm. Release the plunger
slowly to allow it to return to its original position.

R E B ERIAT &Y 2~4 mm g - BRI BHIEAR - SEA BRI RF%R -

Remove the pipette from the liquid, and transfer the contents to the desired tube. Push the
plunger to the first stop and then push further to the second stop to discharge the solution
completely from the tip.

R E B SR ZARIIREVE o R RS — B > A IBRESE —Fs > B
SRS SE EREBH BB Ry 1k -

Remove the pipette from the tube and release the plunger. Eject the used tip into the tip

disposal container by pressing the tip-ejector.

HRCEBATEBE - A E R TR B BB Y -
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Operating Instruction for the Fluoro-Spectrophotometer (measures fluorescence of MU and

absorbance of proteins at 595 nm)

"l "\ A: Cuvette holder for protein measurement
s N\ ELENEER
A B B: Cuvette holder for fluorescence of
MU measurement
MU EXHIEE
FCT: Function key
Display Rl
window BL: Blank key
=
TS: Test sample key
QO OO -
v PWR: Power key
il #l

Usage method g R 7574

Important: Please be sure not to touch the light path of cuvettes.

EHFEHE | A EBNER e EADLERR -
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1) Press the PWR (O ) button to turn on the machine. The display window will be turned on

after a beep.

J | =} EIE —— ok o 5 (== = a /PN = o
BE FERRAR (PWR ()] - Bushigss - Bomass i@ e 19 3R BT -
2) To set the blank sample to zero, insert the blank cuvette in an appropriate holder (use cuvette
holder A to measure protein concentration, and cuvette holder B to measure GUS activity).

The cuvette indicator will be turned on (¥ for the holder A and ¥ for the holder B).

By TEOETIRE - B 20 WILOEMALHENIE (EHEREELEE A Kk >

GUS JEIENEELSLE B iz ) - EALEERREER N EER L (Ir B A ? F

B)

Note: Two blank samples for measurement of GUS activity and amounts of proteins are

provided in the microfuge tubes labeled as GUS BL and Pro BL, respectively.

TR BEERFEANEELS BIBRERENBERE S - GUS BL £ GUS EMHIERE
Fi > ProBL REHEEERZER -

3) Press the BL button, and the blank indicator () will appear when the blank is set at 0.0.

BT z2Ef# (BL) > MRFEREEUR U 9% MhLFER > BEEFHES 0.0 &

1f e

10
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4) To measure a sample, remove the blank cuvette and insert the test cuvette in the same cuvette

holder, and press the TS button. The result will be displayed after 5-10 seconds, and the

indicator will appear in the display window ( II-)
Ry TEHIERA - B 220 fEEEE - AR A theE - (BEEERERL
B2 A i GUS JEMENEEGE B i ) - BET HESR (TS) - HLHFEREAUR II F

5% MO BEEIEF MR &I
5) To end the machine, keep the PWR button pressed till beep is heard.

AR - R T RAR SR (PWR) > ELE 15 22 BRI -

11
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Operating Instruction for the DNA Gel Electrophoretic Apparatus

DNA & TKERIEERH

1) Load the samples to the wells using the 20 puL micropipette.

(e EEZIE fEE (20pL) RIS -

2) After verifying that the operation switch of the power supply is OFF, close the migration

tank lid.
sesznn (O) 2 OFF - GOFED % - B 12T -

P __ e OFF

Do this as follows:

W NHITER R
(1) First, insert the 2 tabs on the cover into the holes in the migration tank.

B AN ETTFEE R ik EITRYRI(E R A

12
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(2) Then, rotate the cover forward to close it.

ANE - BCNET -

3) Set the voltage to “Half” using the output selection switch.

A0 TE - RHARF (VOLTAGE) §iZE 5] HALF (/22)

4) Push the operation switch to start the migration.

5) WM - 3% NEARE - BABEEK o

13
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6) In this experiment, the gel running time should be 30 min. Make sure to turn the operation

switch OFF when the running is finished

AREbgp o B 23] 30 7y o BTARFERIRRAR -

14
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Part 1. (20 points) S5—&843 (20 43)

Using the gene X-fused GUS reporter gene to analyze hormonal effects on gene expression

and to characterize the hormone-responsive elements in the promoter.
AT Bl & GUS SRR X ERET BERNERRENEE - WaBE &
[ e B TR

Plants respond to their hormones by regulating hormone-responsive genes. Within a gene
promoter, a specific DNA sequence(s), the cis-element, dictates the proper time and amount of
gene expression. Regulation is primarily controlled by a hormone-responsive transcription
factor(s) that binds specifically to this region, resulting either in gene activation or suppression.

TEYIEIN RN ERIKEE HERNEAN T - FEREEITIE - —EE R
cis - BT (Y DNA 8l SRR M BRI 8 - AR 2 il &z
2 HERE BN T B S LR -

In this task, you will examine the mode of hormonal regulation in the hormone-responsive
gene X of Arabidopsis. To find the hormone-responsive regions, in the promoter and to
understand the mode of hormonal regulation of gene X expression, the promoter of gene X is
divided into A~C (each of these domain may function as enhancer, silencer or minimal

promoter).

AGEETT RGP RL BT HEER - B FRRSEARTS i X FNHYFEE - Rk
HHRED T 3R S I DL T i X Rz ER e 2 5= EA X AR fRE 1
L& AlE TR A~C = (HrhorplAR =FEIhRe M= > Wone » ISR/ DRIFE
HIRLED )

15
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Then, a variety of Arabidopsis transgenic plants expressing the GUS (B-glucuronidase)
reporter gene under the control of the different regions of the promoter, as diagramed below,
was generated. The GUS will be produced when the promoter of gene X is activated. The GUS
enzyme converts MUG into MU, and its activity can be measured by quantifying MU

fluorescence using a fluoro-spectrophotometer.

AT EFTR > BERIA GUS (B-glucuronidase) BN X A TH AA RIS NEE
fEY) BT - AR ERY =T [FEIThEE - & X FERPUE(EERF - GUS [HREHRIR
AR e T GUS 3L LARF MUS B{B% MU - B AR e s e e s tiadll MU fyE e &
(S AIF3R0 X AR E M -

T — —

WT (A | B | C GUS

dA | B | ¢ H GUS |
dAB | ¢ H GUS |
dABC — GUS |

< Four Arabidopsis transgenic plants carrying different reporter constructs>

7 VO[] PR 5 2 S B A A AR P Tz (3

16
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Q1. The purpose of the first experiment is two-fold: (1) to find the promoter region containing a
hormone-responsive cis-element and (2) to investigate the effects of different hormone H
concentrations on gene X expression. All transgenic plants (WT, dA, dAB, and dABC) were
treated with either 1 uM or 100 uM of hormone H. To assess the level of GUS expression,
plant extracts were prepared from these treated plants. (See the table in the materials and

method section.)
FEERAWEED (1) fHEF BERE cis - BEThIEE @ 0 (2) R
[FEDREEASRER H % X BRI - FrAIEEARIEY) (WT, dA, dAB 1 dABC)
EL oy AR RS Ry 1uM B 100 pM Y83 H - 2 BUE 2 AW DAEEE GUS |Y
RIS EHWEHE TS SRIEBLTARRR)

Using the methods described in the next section, measure the fluorescence value and
absorbance at 595 nm of each 50 pL plant extracts. Based on these measurements, calculate
the amount of MU (nmole MU/50 pL plant extracts), the amount of proteins (ug/50 pL plant
extracts), and the resulting GUS activity (nmole MU/ug protein/min) for each extract.

Record your results in Table 1 in the answer sheet to find answers for Q1.1, Q1.2, and Q1.3.

M N Ry J57% » SR S0pL FHYIZEEWIRY ZOEoLE B2 595 nm HyIK
JEfE o MREBAIERVEER - S RIETREEEEREWIFEY MU HyE& & (nmole MU/S0uL 1HY7)
FEUR) - EHERE (no/S0uL Y 2 HY)) B GUS JE T (nmole MU/ug

protein/min) - MRF&ERECERIE ZEARAY <F—> > WARFPEE QL1 QL2 81 QL3

17
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Measurement of fluorescence and determination of MU amount

g MU Y& E

1)-1.

Turn on and set the fluoro-spectrophotometer to zero with 500 uL of the blank sample

labeled GUS BL.

FIBAESEI e EaTRARE - HUt 500 L 250 Ry GUS BL HUBRANHETT B¢ % -

1)-2. Take a microfuge tube of plant extracts (each tube contains 50 pL extracts) prepared from

1)-3.

1)-4.

1)-5.

each WT-O or hormone-treated transgenic plant, and mix well (by gentle tapping) with
50 uL of 1 mM MUG solution. Start with the labeled WT-O and proceed in an order

shown in the table in Materials and Equipment.
BRSO ERELE - RFFTBIIIA 50 pb 55 & WT-0O [WT-0 &% —& -
HAE N AR TIRRFAIN ] B ARERAs o Ay [ R B A 12 AR AR A
PIZEHGR > IIA 50 pL #9 1 mM MUG 7R - 8558 e (VETRE > S9A0RE E RIS
K e RETFIHIREAER K LIRT - BEIFrARARESERE - FET T8 -
Incubate the reaction mixtures at room temperature for 10 min.

AR R LACR SR > SOMEIRFTET Ry 10 S - VH RE%E

Stop the reaction by adding 900 pL of stop reagent (IM sodium carbonate in GUS
extraction buffer) into each 100 pL reaction solution In the same order you added MUG.
Mix well by tapping.

A 900 pL #Y&% 1% (IM BiREESN £ GUS ZHUKH) [WT-0 RysE—& - HAEIH
FERARFFIRFFARANY - S8 B VERE - BARE LRSI -

Take 500 pL of the finished mixture from each tube, and measure the fluorescence using

the fluoro-spectrophotometer.

SrilE AR &SR P AL 500uL » PUEDE Ot IE e E

18
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1)-6. Calculate the amount of MU in the sample using the formula provided below. Record the
fluorescence value and the calculated amount of MU in Table 1 in the answer sheet. This

is the amount of MU produced from each of 50 uL plant extracts.
M T AZETRE MU EE © RFEOEBECEN S ZR Y <R—> > WHER
THE MU RIS E © FFEEE AR 50 pL AEYZHWIFE AR MU & -

Y=004X+25

Y: the amount of MU (nmoles 50uL plant extracts)
THYIZERUR T MU BYEEZL & (nmoles S0uL fHPJ2EHUR)
X: the measured fluorescence value [from step 1)-5]

B 1)-5 TG EDOLE

Measurement of absorbance at 595 nm and determination of protein amount
LA 595 nm e HIEEREER
2)-1. Turn on and set the fluoro-spectrophotometer to zero with 500 uL of the blank sample

labeled Pro BL.

)\

FIBHZ T YR BRRH - U 500 ul #25C R Pro BL AUBEANHETT B

2)-2. Take a microfuge tube with extracts (each tube contains 50 pl extracts) prepared from
each WT-O or hormone-treated transgenic plant, and mix well with 950 pL of Bradford

reagent. Incubate at room temperature for 5 min.

BRSO MERELE - AR IIA 50 pb EEC Ry WT-O B MR T Fr
FIEEH R rr B S 1% H AR A A ) 2CHUR > DA 950 ul #Y Bradford jA0% - 4558 Hit
WEERE > BEREG DHUHEIAR © REESTFHIRYBAHY 00 N 5 775

19
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2)-3. Take 500 pL of the reaction mixture from each tube, and measure the absorbance at 595

nm using the fluoro-spectrophotometer.

Sr Al E BRI SRS U S00uL - DU e B REEHHIE 595 nm HYOEAE -
2)-4. Calculate the amount of proteins using the formula provided below. Record the

absorbance at 595 nm and the calculated amount of proteins in Table 1 in the answer

sheet. This is the amount of proteins contained in each of 50 uL plant extracts.

MATYIAZETR E0E #YEE - K 595 nm BOB{EEL#RNE = PHY <R—>>

IHERSE EHE NEE - FEEBED MR S0 L EYEIWEDEE R -

Y =98X +2.8

Y the amount of protein (ug/50 pL plant extract)
ReVh EAE B2 E (n/50 pL HYIEEHUR)
X: the measured absorbance at 595 nm of the solution [from step 2)-3]

8% 2)-3 FATHIESHY 595 nm EOEAE -

Calculation of GUS activity ~ GUS JEMETE

3)-1. Considering that this GUS enzyme reaction was performed for 10 min [refer to 1)-3],

calculate GUS activity in nmole MU/pg protein/min and record the value in Table 1 in the

answer sheet.
[EREZE R FERE R By 10 4348 (%588 1)-3) « FIF <F—> hATEisrmvss i - 31&

GUS J&EM: » {7 & nmole MU/ug protein/min -

20
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Table 1 is worth of 9 points.

EE <R DBRIT

Q1.1. (4 points)
Based on your results in <Table 1>, put a checkmark (V) in the appropriate box of each plant

in Table Q1.1 in the answer sheet.

i <F—> 4EE - £ QLLAIZME T - ERERITA (V) -
Note: - stimulation: more than 3-fold increase in gene X expression

IR  RUIBEE - X BERER R 3 FRMU L -

- no effect: less than 3-fold increase in gene X expression

FELRE - X BRREHE 3BT -

Q1.2. (6 points = 2 x 3)
Based on your previous conclusions in Q1.1, determine the regulatory function (enhancer,
silencer, or minimal promoter) of each cis-element (A~C). Put a checkmark (\) in the

appropriate box in Table Q1.2 in the answer sheet.
FRE QL. Hy4sam » HEdmt cis- BT (A~C) » I HIFRE I IEERZEDRE (B5RE - JIBRE L
B/ VFRIE) - 4F QL2 (k& - IEREREFT A (V) -

21
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Q1.3. (1 points)
How does 100 uM of hormone H regulate the expression of gene X? Based on your finding
from <Table 1>, determine the mode of action of hormone H. Put a checkmark () in the

appropriate box in Table Q1.3 in the answer sheet.
100 puM JEFEHY #EE H RN - X BRRAVRIEETE Ryl 2 fRI% <R—> BYEH - JE
% H BB « 1F QL3 IFetsd » R4 (V) -

22
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Part Il. (15 points)
A co-relationship analysis between genotype and phenotype, and the prediction of gene pool

frequencies using Hardy-Weinberg mathematics.

SIS IIRIRRIST - MR s B ch A PR -

Q2. Gene Y encodes a protein that regulates plant growth. The schematic figure below depicts
the region of gene Y in genomic DNA and a point mutation within.

Y SRR O S R o B SEPN DNA Y SEE > g
H— (B -

1.0 kb

< >
4 0.6 kb >|< 0.4 kb
Gene Y region Y EEFEiH

GGATTC
l Point mutation Ejgzs

GAATTC (EcoRlI recognition site)
EcoRI WFREME

23
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There are eight plants with homozygous (YY or yy) or heterozygous (Yy) genotype, showing
either wild type or dwarf phenotypes (Y: wild type allele, y: mutant allele. The alleles Y and
y do not specify whether they are dominant or recessive). To analyze the genotype of these
plants, the 1 kb region of gene Y was amplified by PCR. This fragment was then digested
with EcoRlI restriction enzyme, which cuts GAATTC sequence. Other than the EcoRI site
created by the point mutation, there is no other EcoRI recognition sequence in gene Y. Using
the protocol described below, perform a gel electrophoresis of the EcoRI-digested PCR

products.

WA 8 fEATRE R[F Y E ¥ (YY and yy) Bk EAIET- (Yy) BRBLZAEHY) > sy plZesi ey
A FUERR SR 7 A (Y2 BP A TUSHEALN - y: SSBRIBHEELA - MORFHEH Y 20y 2
MR - K T o triE teia ey AN AY - A PCR SR Y 2R 1 kb | B - 38
Ee)5 By L EcoRI [RAIEGTIE] » (R Fs EcoRl &3k GAATTC FRAINGbIEl » HAELL
Fi BTl AR EEH) EcoRl UJEE - FIFH TYIEER - #EITEIXA3 1T EcoRIl T

PCR EVIHIE SR -

Genotyping of gene Y by gel electrophoresis

FIFERET Y RN

Note: Always wear polygloves during the experiment !!!

SEE TSR TR

24
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(1) A total of ten microfuge tubes are provided: two DNA size marker tubes (M) and eight
tubes containing EcoRlI-treated PCR product from Plants 1~8 (P1~P8, respectively).
Starting from left in the order of M, P1 — P8, M, load 20 uL out of 50 uLL. DNA solution
into each well of a prepared agarose gel in the electrophoresis apparatus. Use the 20 puL

micropipette to load samples. Change pipette tip for each sample.

EHIA 10 STREA > RIEEMER L E T o W52 DNA RN BREEELE (M) - 8
SCTRIAREAFETEY) > 37 EcoRI pH Y PCR EYIEA (57 5IERC Ry P1~P8)
H /238 BdG » IRFPIIARRA M, P1~P8, M - (A AU 20 L > FIFEEZIE
ERE - R EEAIIER - 2Bl A CEEFE GBI P rvE AR T - 28
EHERAE E TR E R EH -

Note: The DNA size marker solution contains 0.4, 0.6, and 1.0 kb DNA fragments.
DNA loading buffer and DNA-staining dye are already included in each tube.
AR 1 DNA A/NF BBEEC 7R 0.4, 0.6 B 1.0 kb - DNA JE ASREAREL DNA HukiE
LESERESE TR -
(2) Refer to <Operating instructions for DNA gel electrophoretic apparatus> to put the cover on

the electrophoresis apparatus, to turn on the apparatus, and to run the electrophoresis.

2% DNA BEIIREP R - K& T3 LK - FTRARERE » PRtGIE T

Note: Upon starting the electrophoresis, make sure that the output indicator LED is lit and

that bubbles are forming on the platinum electrodes.

AR ¢ BIKFAR 0 FERE Wil (output) T NER TR - AIRREAREEEEE
FRBE AR ©

25
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(3) Run the gel for 30 min at “Half” voltage.

ERUKIFE] Ry 30 77 > EREASy HALF -

* IMPORTANT: While the gel is running, proceed to TASK 11 !

ER - BIETR  REESIE !

(4) Turn off the apparatus. Then, raise the green card to request help for photography of the

agarose gel.

RS + DB - S SRR B SR TR -

Note: The assistant will bring a gel transfer box to you. Make sure that your student code is

on the box.
AR BERETR—(EREREE 0 BEFRN BEEY EFEsT L

(5) When you receive the agarose gel picture, attach it to Q2.1 of the answer sheet using

Scotch tape. Label the number of each plant (P1~P8) on each lane of the gel picture.
ERBEWRBRRR - FIFABWRERE EFK Q2.1 frE E - Wik P1-P8 HIfir
BENEE

(6) In Table Q2.2 in the answer sheet, put checkmarks (\) to designate the size of DNA

fragments and the genotype of each plant.

1B ZE4E Q2.2 A HIFHEL DNA K/ B AR F A B IEHERR T2 (V)

26
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Q2.1. (3 points)
Attach the agarose gel picture to a space given on the answer sheet. And label the number

of each plant (P1~P8) on each lane of the gel picture.

FEEZFM Q2.1 s EFEIKIA - MR P1~P8 HYAIE -

Q2.2. (4 points)
Determine the size of DNA fragment(s) and the genotype (YY, Yy or yy) of each plant. Put

a checkmark (V) in the appropriate box in Table Q2.2 in the answer sheet.
73 PIRERREEAE Y BLR Y 1Y DNA 1 BEAUIN » BELECRAY (YY, Yy 50 yy) - (£ AR

Q2.2 FERERITA (V) -

Q2.3. (2 points)
Based on the genotype and phenotype of each plant given in Q2.2, deduce the
characteristic of the mutation. Put a checkmark (V) in the appropriate box in the Table

Q2.3 in the answer sheet.
fRAE Q2.2 BN BYBLRIFAIAERE - HEsmoe BRIt - B2k Q2.3 FIEMERTT 2

(V)

Q2.4. (2 points)
If you cross Plant 1 with Plant 3 (from Q2.2), what is the probability (%) that an offspring

will be a dwarf plant? Write your answer in the answer sheet.
o Y 1 B FE ) 3 METRERS (PRIZ Q2.2) » TR EEEEHIEL B s+ 7 IR IEMES 3R

HAEZEET -
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Q2.5. (4 points)
The eight plants in Q2.2 represent a population. If this population produces 10,000 plants in
the next generation, what would be the expected number of heterozygous and dwarf offspring,

respectively? (Assume that this population is in Hardy-Weinberg equilibrium.).
Q2.2 Ty 8 FEEVIAR—HHIRE: - WS EREFEAE 10,000 1 > RIRA &7 H 2%

EHT P RS T ? (AT E (E RS/ PR RR)
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TASK 1. (15 points)

Observation of meiotic cells in preserved rye anthers

B2 ] e AR ERES LA B kB o AR

Materials, instruments and tools Numbers
L SIRE T B % H

1. Light microscope with objective lenses of

4X, 10X, 40X, and 100X 1
JCEREATASE - VIFEER A Ry 4X, 10X, 40X, B 100X
2. Preserved rye anthers in a vial 2

SR B EE R B 2/ VR

3. Dissecting needle set 1
7S Al

4. Slides and cover slips %5
O R LS A

5. Filter paper (7 cm diameter) 3

6. Forceps 1
T

7. Ceramic tile 1
finE

8. Petri-dish (6 cm diameter) 1
6 A oriEEm
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9. Acetocarmine solution with a dropper 1

B BE AL AR I e

10. Pencil 1
S

11. Eraser 1
EINEE

12. Disposable plastic pipet 1

WEREE
13. Red card 1

LA

Background ErE&57EA
Using a light microscope, you will observe meiotic cells in preserved rye anthers. Anthers

at a specific stage of meiosis were selected and were preserved in 70% ethanol.
MBS SR Ty B T AR o 24 - 10k B2 i T B e P EL -

TCR B AR RAFE 70% Tkt -
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Requirements — Overview
Wi o — [
Using the microscope, identify anther cells undergoing meiosis. In the space given in the
answer sheet, sketch an image of meiotic cell you observe at 400X magnification (Q3.2)

A RS SR B 22 s B S P AT ER JIAE - AT Q3.2 HVFEEI - 48 HAE 400X UK fE
RN HYIBE 2R -

Procedure B2

1) Before you start observation, check for the presence of two small preserved anthers in the
vial.
EROETHT - SehERURT A 2 (8 f0k 2R -

2) Take out the ceramic tile out of the tray, and put one glass slide on it.
B TP AU AR - R ERB R R BT

3) Observe your specimen under the microscope at 100X magnification, and find at least one
cell undergoing meiosis. Then, observe one cell at 400X magnification and draw this
image in the given area of the answer sheet (Q3.2). Make sure that this cell is at the center
of your field of view. After you finish the drawing, raise the red card. The lab assistant

will come to you and will take a photograph of the slide.

£ 100X AV R - $REIZ=D 1 E AR TR HAVLIRE - R R ]
400X - BZRIGLEE 1 8 BT 2NN - MERTRZ AT E R EPRY IEH SR - BiZ24E AL
(Bl Q3.2 HYHEIEN - EraaRseniig - B irHy_ LR - BiEEEE 19
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(1) (3) EE Bﬁ ):II (4)
i Z ]é slide glass §

Invert the vial containing two Take one anther out of Put one drop of acetocarmine
preserved anthers 2-3 times. pertidish with forceps solution onto the anther.
Then, gently pour the vial into and put it on a slide glass.
a small petri dish.

KolEeE 2-3 R=H Hy 1 fElfekn 2 - M & HY 1 fﬁﬁ’*ﬂﬁﬂ -

1GET /MR - 218 TERA E ETEAGRD

& EABAEENE

(5) (6) (7

- PEFK g
§ ? 1lter paper cover slip

— — % e d_ﬁ : —

Squash the anther with Cover the squashed Gently press the filter paper Observe your slide

dissecting needles for cells with a cover slip. down with your thumb. specimen under

(1'2 I}'Illln 'I‘al-c}e1 out dllelbrlTl ) Put a filter paper onto the microscope.

such as anther wall cells the slide glass covered
with forceps by touching it with a cover slip. FIH #B%EE E/&ﬁ?ﬂﬁ?%ﬁﬁ
onto the filter paper. =R E? g£ i%
'? b e A . = -\j“D
FIARetREmER =L=BAE A 8

MEK1-2 0. BLRAE - REE
Bems FIAgyr =835EA
T B R L)

< Procedure for observation of meiotic cells in preserved rye anthers>

B2 B AR O B IR A 2 E B
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Notes : JEEEEIH

1. Instep (1), if the anthers won't come out, put the solution back into the vial using the
disposable plastic pipet and repeat step (1) .
BR (1) | RS BLH LK - KR - F B e
fEA B -

2. Be careful not to break the anther in step (2)
AR NEEDER (2) RO BEK -

3. You may use a filter paper to remove excess 70% ethanol in step (3).
B (3) B AT DAL FURACKF B 25 1Y 70% g b -

4. Do not press too hard, or you may break the cells and/or the cover slip in step (7).
BB (7) I - NERGAE - ARG R - AR B ST A

5. You are provided with two anthers to prepare your specimen. If you fail to make good
specimen with the first anther, please repeat the procedure and make another
preparation using the other. However keep in mind that the time for your experiment is

limited.
FE N A WEEHEE > RE(DIEBVET » SEEFNEG > J5E LGP

BRFHRIF— - R IR EBRA R ERE] -

33



IBO 2010 KOREA
PRACTICAL TEST 3
GENETICS AND CELL BIOLOGY

Q3. Answer the following questions.

[ TR -

*Important: You will see two types of cells under the microscope as shown in Figure Q3. The
circled ones are examples of cells undergoing meiosis, and the rest are cells of the

anther wall.

REATER - RS TERESR TR SN RATRRIAR - FERESRH R IRE AR - EAfARE
TERY BREEGTAE -

400X

Figure Q3. Examples of cells undergoing meiotic cell division observed under a

microscope.

Q3 : FAfER NMERE R E T SR -
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Q3.1. (1 point)
What kind of cells in the anther undergoes meiosis? Put a checkmark (V) in the appropriate

box in the answer sheet.

TEF N BErh R LL AR e TR B oy 3 2 (S T4 T IEREE T2 (V) -

Q3.2. (8 points)
Draw one cell undergoing meiosis at 400X magnification in the answer sheet. Do not label the
drawing.

AR 400X - BIEr g R 18l sy 2l - B b B TR -

Important : This cell must be at the center of your field of view when the picture is taken.

EREH | RE - MRS SR GEr Y IR R -

Q3.3. (4 points)
At what meiotic stage are the cells? Put a checkmark (V) in the appropriate box in the answer

sheet.

{2 AR P Sy SRR (R B 2 A ZE AR P IERERE T2 (V)

Q3.4. (2 points)
What is the amount of DNA in the cell undergoing meiosis that you observed and a cell of the

anther wall, respectively? Put checkmarks () in the appropriate boxes in the answer sheet.
IR ZE R AR S > 2O T - DNA S8 Fs+ 7 {0 BEELHANNY DNA &8 e

T B R A (V) -
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