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Dear Participants,

e This test includes the following 5 tasks:

Task 1: Phenotypic observation of mutant flies (9 points)

Task 2: Inheritance of white eye mutation (33 points)

Task 3: Separation of eye pigments (18 points)

Task 4: Reading chromatography (14 points)

Task 5: Analysis of White Protein (24 points)
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e You must write down your results and answers in the ANSWER SHEET. Answers

written in the Question Paper will not be evaluated.

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.

e At the end of the test paper, put the Answer Sheet and Question Paper in the envelope. The

supervisor will collect this envelope.

e This series of practicals are time consuming. You will need to be well organized and work

quickly to complete five tasks.
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Task 1 (9 points)

Phenotypic observation of mutant flies
Materials and Equipment Quantity
1. Petri dishes numbered (1)-(4) containing live fruit flies 1 set
2. Stand loupe (magnifying glass) 1

TAE 1 : ZRBN I AZEER O 57)

1k ':[E?%F i)
1. %%:"(1)—(4)[‘J?Jiﬁ$ﬂ%ﬁ A
2. SRS (H ) 1 f&

Introduction

Fruit flies are commonly used materials in genetics studies. Petri dish (1) contains the wild

type, and each of the Petri dishes (2)-(4) contains different mutant flies. Observe the flies

carefully by using the loupe (magnifying glass), but do not open the lid of the dishes. You may

adjust the height and angle of the loupe for your observations.
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Q.1.1. (9 points) In the case of each mutant, what kind of trait differs from the wild type?

Choose the characteristic phenotype of the mutant trait from the following list.

A. eye color B. eye shape C. wing shape D. bristle length
E. antenna shape F. bristle shape G. leg shape H. proboscis shape
I. body color J. abdomen length
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Task 2 (35 points)

Inheritance of white eye mutation

Materials and Equipment

1.

-

1.5 ml tubes containing anesthetized fruit flies labeled
(5a) and (5b), (6a) and (6b), and (7)
Empty Petri dishes
White cardboard (place under the Petri dishes for easy observation)
Forceps
Stand loupe (magnifying glass) (used in Task 1)

1.5 ml tube rack

(B2 @ FIEsRAYE B (35 57)
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Introduction

Wild type fruit flies (WT) have red eyes, while the mutant flies (W) have white eyes. W is a
recessive mutation and located on the X chromosome. Each of tubes (5a) and (5b) or (6a) and
(6b) separately contains male and female flies obtained from two different crossings. Tube (7)
contains flies from another crossing. Note that flies can be sexed by their patterns of the

posterior dorsal abdomen, which is uniformly black in males.
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Q.2.1. (8 points) Remove the flies from tubes (5a) and (5b) into different Petri dishes, and

observe them by using the loupe (magnifying glass). Examine sex and eye color, and complete

the table with the numbers of the flies including zero.
Q.2.1. (8 73) = g(ﬁ)bwmﬂ@$ﬁﬁV*fTﬂu§}“’h’— W BRI > A o
I B T w[iwi. *%Fﬁh‘%ﬁﬂﬁﬁﬁr"qWPO%EA S

Q.2.2. (8 points) Remove the flies from tubes (6a) and (6b) into different Petri dishes, and

observe them by using the loupe (magnifying glass). Examine sex and eye color, and complete

the table with the numbers of the flies including zero.
Q.2.2. (8 73) /K& fi(6a) (61N P2 E T [ Hﬁ‘Fﬁ CUE s B R A SREE ﬁ;&[ {E5
I SRR R P AR T Wﬁ%dwi*iﬁw’wﬁo%ﬁ S

Q.2.3. (8 points) Remove the flies from tube (7) into a Petri dish, and observe them by using

the loupe (magnifying glass). Examine sex and eye color, and complete the table with the

numbers of the flies including zero.

Q2.3. (B STV KRV FRETFEE T [ B {1 > 2 e Siti22 - A 31 ] B
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Q.2.6. (9 points) Which of the following crossings produce the flies of tubes (5a) and (5b), (6a)

and (6b), and (7)? Choose all possible cases and answer with symbols.
A. Homozygous red-eyed females and hemizygous red-eyed males
B. Homozygous white-eyed females and hemizygous white-eyed males
C. Homozygous red-eyed females and hemizygous white-eyed males
D. Homozygous white-eyed females and hemizygous red-eyed males
E. Heterozygous females and hemizygous red-eyed males

F. Heterozygous females and hemizygous white-eyed males

0Q.2.6. (9 57) Which of the following crossings produce the flies of tubes (5a) and (5b), (6a)
and (6b), and (7)? - ZEEATE JFIJFJ‘Z‘[?JM g R .
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Task 3 (18 points)
Separation of eye pigments
Materials and Equipment Quantity

In addition to the materials and equipment used in Task 2, you will use the following set of
equipment in this task.

1. 1.5 ml tubes (8) and (9) containing eye-pigments extraction solution 1 set (1 spare set)

2. Empty 1.5 ml tubes (10) and (11) 1 set (1 spare set)
3. Micropestles (in 15 ml tube) 2 (1 spare)
4. Centrifuge 1

5. Micropipette (P20) 1

6. Pipette tips (for P200 and P20) 1 pack

7. Empty 1.5 ml tubes (no numbers written on the lid) 2 (2 spares)
8. Cellulose/plastic sheet 1 (1 spare)
9. Micropipette (P2) 1

10. Pipette tips (P2) 1 pack

11. 50 ml tube containing solvents 1

12. Tube rack for the 50 ml tube 1

10
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Procedure HER

1. Select five red-eyed and five white-eyed flies classified in Task 2 (either females or males),
and remove their heads from the bodies using two pairs of forceps.
* Be sure not to crush eyes and abdomen of the flies.

1. IV TAE 2 plIpus BELN e IE«L%J*E?‘? S ECEEaE) o P2V E VN Eﬁﬁﬁﬂ o

= SRR St
2. By using forceps transfer the heads of red-eyed flies into tube (8), the heads of white-eyed
flies into tube (9), the bodies of red-eyed flies into tube (10), and the bodies of white-eyed
flies into tube (11). Tubes (10) and (11) will be used in Task 5.
P RSN SRR A RS o K TR ﬁﬁﬁﬁﬁ[ﬁfﬁ{ﬁ?%‘ﬁ@) A RN 5
E":%FI T(10) o FIESLp g jfﬁﬁ'fﬁl'ii"}}% Fh(ll) Fl A (10) (ll)ﬂjﬁ kT (=S IR e
3. Insert a micropestle in each of tubes (8) and (9) and grind fly heads by revolving and

pressing the pestle against the bottom of the tube with your hand. Use different pestles for

different samples.
3. REH®) P O | L FUESETY o ST R bl Bt O e
it 1 [File R ][RI AR s
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4. Centrifuge tubes (8) and (9) at 14,000 rpm for 3 min (see the “Instruction for the

centrifuge” at the end of this test, pages 18-19, and ask the supervisor for assistance if

required).
4 FRNET(8) M (9) ') 14,000 rpm B 3 53 4(F 4 B8 B AR T ESSESHIE R, - F

ArAEIl Rl )

5. Transfer 5 pl of supernatant from tubes (8) and (9) into new tubes.

SMRNET8) = (9) Fififk 5 pl 72 7 Pty -

6. Look at the cellulose/plastic sheet. The shorter sides of the cellulose/plastic sheet are the

top and the bottom, and the non-glazy surface is the cellulose surface, which is used in this

experiment. Write your student code with pencil at the top of the cellulose surface.
6. 1= WUBREMIEA, T [o1 » SERTFONGE L ERERER o 2T | 1 [ [0 [
%ﬁg &,’%&;’:Ewﬁfﬁﬁ,ruﬁqﬂ ENIE - Jtr’jgﬁf
7. First, spot 1ul of the red-eyed heads extract at 1/3 from the left side and about 2 cm from

the bottom of the sheet. Do not draw a line using a pencil or a marker pen, which may

scratch the cellulose coating.
7. 5] Tul 5 ”Ei%ﬂ@gpf [F Tk &#A“i* YRR 1/3 ~ nSEHEERA, Jflﬁ cm g > IF[JJTF;'
P T SR I AL » MDY LR L -
8. Then, spot 1l of the white-eyed heads extract at 1/3 from the right side and about 2 cm

from the bottom of the sheet.

8. YREE 1ul lE&%JéfE?gjplﬁﬁ' Wk %’J‘f & 1/3 ~ REEER Y R ru2cmm°
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9. When the spots dry, set the sheet into the 50 ml tube so that the bottom of the sheet touches
the solvent, and close the cap tightly. Make sure the spots are not touched by the solvent.

Open and close the cap of the tube quickly to minimize the leak of vapor.
9gg@k1ywHWHﬁ%ﬁ0ml i R gmgﬁﬁﬁﬁﬁmﬁm’ﬁfﬁmﬁﬁg
BRI R - BIRE BIRS ID S -

10. Keep the tube straight on the tube rack to start solvent development. You can continue with

task 4 and 5 in the test and come back to this section. Please read part 11 below before

you continue.
10 KRS R o B R - & ﬁ%ﬁW“"*ﬁWﬁmP' S EE P
[ERER. i oo g B 1L -

11. When the solvent front on the sheet reaches the 30 ml graduation mark of the tube, take the
sheet out from the tube, let it dry on a piece of paper towel and close the cap of the tube.

Raise your hand once the cellulose sheet is dry. (Your assistant will collect your sheet to

evaluate the result.) (18 points)
11. FIH#"];WJF‘IJ'\? l F l”‘H:ﬂa F“ F30 ml [J_j);(u}‘_‘?" IEHJT }’:[_Jq’j?}—{‘ ‘TVH 'Fwi#:ri%—'—g?ﬁk@rﬁﬁz , %
BT« T TR T (USRI 1R ) (18 50)
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Task 4 (14 points)
Reading chromatography

TAE4 : SV (14 4

Introduction

Although some of the eye pigments involved in the compound eyes of fruit flies are invisible to
our eyes, they can be visualized under UV lamp. Figure 1 shows an example of eye pigment
spots resolved by chromatography and recorded under UV light. Note that the samples include
not only WT (wild type) and w (white eyes) but also Se (sepia eyes), bw (brown eyes), and cn
(cinnabar eyes).

Fr

NN S0 e R ) S I B (1 5 UVIAG™ SR BPREL e o [ 1oy
B LA T T T UV B ORI R T LR WT (52 B w
(FIFD = &g se (FIBD + bw (BHEY» on (R 1820 -

There are two pathways of eye pigment production in fruit flies, ommochrome pathway
and pteridin pathway. The wild type eye color is formed if all pigments produced in both of
the pathways are normally transferred to the compound eyes. Eyes are white if both the
ommochrome and the pteridin pigments are absent. Of the pigments and their intermediate
compounds involved in the two pathways, only those of the pteridin pathway can be separated
by chromatography of this experiment.

AL =[BT =N 3 "E [ %25 % > ommochrome ¥ pteridin 7% (% © ¥ ”"?‘J B Y
EJE lffs*:if FIJQE;’L’TUJFEJEELHI » Al Aﬂﬁ‘yﬂ =3 ?‘JE‘LEHF%E | £ ommochrome * pteridin fi*J
SIS PIIER RS o f8 2 PR UF | pteridin B8 5 Y <3k b BRI Popcl ) A gk ips

EI_@_‘LJJ 7JFJ°
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The migration of each pigment during chromatography is determined by the chemical
nature of the compound, the solubility of the compound to the solvent, and the migration
distance of the solvent. The migration distance of a given pigment depends on the developing
time of chromatography, but the Rf value is constant for each pigment, which is calculated by
the following equation.

Distance from the base line to the center of the spot
Rf =

Distance from the baseline to the solvent front

Vgt TSP KPR [ SRR O P
Bz e~ R ETR LRSS » P gt PRI o (7 1k RE AL T
o NI S
LA B 1o
PSR B

Rf=

Table 1 summarizes color under UV lamp and Rf value of each pigment separated from
the compound eyes of fruit flies.

e 1A RS R lﬁ ik UV A OB ek REfif -

Table 1 Characters of pteridin pigments in compound eyes of fruit flies

Code Name Color under UV lamp | Rfvalue
iR g7 UV 8™ PUBE & Rf [l
A | 2-amino-4-hydroxypteridin blue 0.57
B biopterin blue 0.61
C drosopterin orange 0.21
D sepiapterin yellow 0.52
E isoxanthopterin yellow 0.69
F xanthopterin green-blue 0.38
G isosepiapterin violet-blue 0.25

16
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Q.4.1. (5 points) Choose the pigment from Table 1 that corresponds to each of the spots

separated in the Figure 1 chromatography. Answer with the code in the table. How are the
compositions of the pteridin eye pigments of the mutants different from that of the wild type?
Estimate the approximate amount of each pigment deduced from the Figure 1 chromatography.
Write “++” if there is a lot more of the pigment as compared with the wild type, “+” if the

pigment is present in similar amounts as in wild type, and “-* if the pigment is not present.

Q.4.1. (5 53) 13 1 fl1:E BRI et gt&ﬁ AP Sl 1 FAT Y

Ffl1 e AT pteridin XLk VATAYEEEE S RIE (TRl 2 OpHHL < Fg#;’?ﬁ[’ﬁ,?ff‘, =S

iy
N

AR R G A IR SR sk I T R

i

AR B R AT kP P R
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Q.4.2. (9 57) Given the eye color and the results of chromatography shown in Figure 1, which

of the following abnormalities do se (sepia eyes), bw (brown eyes), and cn (cinnabar eyes) have?

Write the corresponding alphabet.

A. Ommochrome pigments must be absent.
B. All pteridin pigments are absent but ommochrome pigments must be present.
C. Both ommochrome and pteridin pigments are absent.

D. Constituent of pteridin pigments differs from the wild type.

Q.4.2. (9 points) FHif 1 FFFHH <1 &gt d Mrpiif f 218> se (FYFED ~ bw (BFEED = en (5F

Al Ommochrome 13761 i Tt
B. i fj pteridin f"l—j‘ﬁf%j\ # 7 ~ ([ ommochrome 1%k~ & 7
C. ommochrome » pteridin 1315 % 7.

D.  pteridin &3 [INaZ RS R RIS ]
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Solvent front |
ih [F

Spot 1 (yellow)

Spot 2 (blue)
Spot 3 (blue)
Spot 4 (yellow)

Spot 5§ (green blue)

Spot 6 (violet blue)

Spot 7 (orange)

Hig

OO OO0 CooO
O
OO OO0 IO

O

N
—/

WT w se bw (=

Figure 1. Chromatography of eye pigments from wild type and mutant flies
SESAEE Al SEUENSEL 2y
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Task 5 (24 points)

Analysis of White Protein

T (5 FIEsEF IRV (24 53)

Materials and Equipment Quantity
FrRE R s
1. 1.5 ml tube A: Protein extraction buffer 1

1.5 ml %*FT‘A: Sf 1 VR
2. 1.5 ml tubes (two are (10) and (11) of Task 3) 4
1.5ml %”FT(@{ =3 (10) = (11) 75 > Fﬁ 2)

3. Micropestles (in 15 ml tube) 2 (1 spare)
F@Tﬁi@?ﬁﬁ (7 1.5ml ?-,@*ETHI)

4.  Electrophoresis apparatus with percast gel 1
P

5. Micropipetter (P200) 1

I AT (P200)

6. Micropipetter (P20) 1
I 7 (P20)
7. Pipette tips (for both P200 and P20) 1 pack

%}PB”ETEEI (P200 == P20 ')

8. 1.5 ml tube rack 1
1.5ml ?;@"ET’E}E

9. 1.5 ml tube C: Protein electrophoresis marker 1

L5 ml 27 C ﬁég’[@ﬁ?ﬁwr‘?a
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Protein extraction and electrophoresis
SRE VT

1. Add 50 pl protein extraction buffer (tube A) in the tube (10) (bodies of red-eyed flies) and
(11) (bodies of white-eyed flies) prepared in Task 3. Crush the flies with the micropestle.

Use different micropestles for wild type and mutant samples.

53 MK s0ul g 1T 0Nk (R T A) 1prf PR FI 53 fu(10)SREHTGE N 0 = )
R (1) BEEEY ( LS 2B o P [PORAS TR LB - (R TS
NI

2. Centrifuge tubes (10) and (11) at 14,000 rpm for 3 min, and then transfer supernatant into

fresh 1.5 ml tube (see the “Instruction for the centrifuge” at the end of this test, pages

18-19, and ask the supervisor for assistance if required)
K 14,000 rpm " EE 3 53 SR HERFEERHY LS ml ZH e ([P

EE_ES{: % P'IF[\J%?L«%]ED By F&%EF}J;’" *fi'?_b)

3. The assistant has prepared a gel for you and it is ready for use.

SRR A R A £

4. Load 5 ul of each sample on the slots in the middle of the gel plate in the order of
molecular weight marker, red eye and white eye (from left to right). When you have
finished sample loading, raise your hand for the supervisor. Your assistant will take care of
the apparatus and start electrophoresis.

(3 BB AL PRI S S RO R A - B
RV Sul o GO RS - 2ok s e

5. After 5 min, call your assistant by raising your hand. Your assistant will collect the lower
part of the apparatus and take a photograph of the gel for evaluation (18 points).
Please check the image on the camera with your assistant

B PR S SV PR NS MY 755 (18 5Y). -

T FRUEV O b S S B 1 -

&

_ﬂ-ﬂ&
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Analysis of protein electrophoresis data

M1, M2 and M3 flies are different mutant lines for the eye pigment genes. After separating
proteins of these mutant flies through SDS polyacrylamide gel, proteins were transferred onto a
nylon filter to be probed with antibody that specifically recognizes the protein encoded by the

white gene. The following result was obtained.

e VETERSE T
ML, M2 % M3 §88 8L IS O o RS o TEIR A TR
EF T o 2T PRI ERe B I I EEE o AR I
WT M1 M2 M3
kDa
175
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Q.5.1. (3 points) Which of the following defects of eye pigment genes causes the

electrophoresis results of M1, M2 and M3? Choose the corresponding symbols from A, B and
C.
A. The mRNA initiation site of the white gene is deleted, and the gene is not expressed.
B. A stop codon mutation has occurred in the coding region of the White protein,
resulting in failure of translation of carboxyl terminal peptide sequence
corresponding molecular weight 20 kDa.
C. Although a normal White protein is synthesized, genes involved in the synthesis of

ommochrome pigments are defective.

Q5L (3 57) ™ FIIIF L BNV [ ML~ M2~ M3 Fibpsififl 2 v 7R U
A~BFSC-

A. white SL[Y mRNA RS I REFSE > LPSE R R -

B PIELEr| AR L1 RS HIS A > G CHiE | 20 kDa [y g L P17 D G

C.. BEF T 1L 1 (17 {11 ommochrome &1k (gL P 4
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Q.5.2. (3 points) Choose another defect of eye pigment gene from A, B and C that would cause

the same phenotypes as M1, M2 and M3.

A. The coding sequence of the white gene is fused with the coding sequence of another
gene by chromosomal translocation, resulting in a novel sequence encoding a fusion
protein that retains antibody reacting sites but exhibits about 30 % lower molecular
weight.

B. A single base substitution has occurred in the protein-coding region of the white gene
changing an amino acid coding sequence into another amino acid coding sequence.
However, immunological reactivity of the altered protein for the antibody is not lost.

C. A large deletion exists in the chromosomal region that involves the entire white gene.

Q.5.2. (351) 7 MV A~ B~ CHli - EEHI[EEE M1, M2 M M3 ARG AEIF0pI- 78I
SRR Wi RS
A PRSI GIRAE - white BEPNFOARRRTIEE P PSRRI 5 o ST E
BTSSR 0 (53 2 R 5 30 % -
B. [« white FLPVRYSrf VETRE G AL 2 - fRLIV RS - [ LR T (T
S 5 S VBT Y B o . -

C. el g cpﬁ[ white 5L PFVBEREPE
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Instructions for the centrifuge
B A5 )
Ask the supervisor for assistance if required

E[nn%'ﬁji: F' fFll?ﬂ * E 2
1. Press the OPEN button at the upper-right of the operation panel (Fig. 1 - 1) to open the

centrifuge lid (2).
e RIS T P OPEN H 8 (I 1~1F7 (RIEE = B30t 2:.(2) ©
2. The rotor is covered by a plastic cap (Fig. 2 - 3). To remove the cap, hold the cap with one

hand, and unfasten the central black screw (4) anti-clockwise with the other hand.
HEOHEROEL - A BB E (B 2~3) > el FEEBBET - TS
)RR B R [ 8 S A e AT (4) AT BH A IE 25 1 -

3. There are 24 holes inside the rotor (Fig. 3). Set the sample tubes in a symmetric position,

considering their balance.
BE RSV E ] 24 [ SRRCE DISPE 200 1570 i U P B
4. Turn the rotor cap screw (4) clockwise to fasten the cap on the rotor.
LINEHR 57 v ih 8 (A hE kTt (4) - KRB 25 1 SH B AL it DA RO - I o
5. Close the centrifuge lid firmly. You should hear a beep that tells complete closure.
CE REEOHROSNE > A EE R L (REEER] T A -
6. The centrifuge speed (140 x 100 rotation per minute) and time (3 min) is preset. Confirm
the set parameters in the windows (5) and (7) by pressing the DISP/CE button (6), and press
the START button (8) to start centrifugation.
FlE R DA (140 x 100 /5 53 38 K it ke ()3 538) CLPROGRX AR > $4 T DISP/CE £
G > FERLTE (5) M (7) bR K N e (] - fERRERTA T START LSRR ARRIEL: -
7. When centrifugation is finished, the lid (2) is automatically unlocked. Then, open the lid (2)

fully and remove the rotor cap by unfastening the screw (4) anti-clockwise while holding the

rotor cap with the other hand.
FJ F‘[Euﬁ’;&lf > 7ful(z)ﬁE[ {IPJ’ZI—IKQ&I—L ?[‘7‘ J 1’%( ) - :"B—II;\LJ_}J;J%%:J, , J[:/J—‘ -
J -rt)"Ejj ﬁf‘J F[ E:’ 'EJH[F JIE[ J%I o [K”’(4) }?—r J-,)—EJ ///Eﬂ_g i
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8. In order to not disturb the precipitates, take out the sample tubes carefully from the rotor.

Leave them on the tube stand.
AEGR S BILIE » /DU ARA Y A ERVE 2R F

9. Replace the rotor cap (3) and fasten the screw (4) clockwise, and close the centrifuge lid (2).
HHTE LRBET(3) o LUIAR T s B R A e (4) IS EE L -
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Figure 1

Figure 2

Figure 3
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