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IBO2014 PRACTICAL TEST 2
BALI, INDONESIA PLANT ANATOMY AND PHYSIOLOGY

Dear Participants &4 02| &

e This test consist of three tasks, O] A|&2 3 72| 1tH| = =0 UELICH
Task 1: Determination of plant pigment (36points)

Part A: Qualitative identification of pigments by TLC
Part B: Quantitative measurement of pigments by using spectrophotometer

A 1: A= M40 £ (36 H)

ATLE: dhoh 3 20tE 2 T|(TLC)E 0|88 Mo HAEA

o
B OHE: BLLEAE 0|8 M40l HY BN

Task 2: Determination of starch in plant extract (27 points)
A 2: AE FEHNM 5T 5. (21 F)

Task 3: Observation of structural adaptation in plants (39 points)
H| 3: AlEo| TxEOl M2 BE (39 H)

o Please write your country name and student code in the box on title page.
Of2{Z 2| L2t O| 1t stll M E X5 HO|X[2] EfA0| HoA|R.

e You have to write down your results and answers in the Answer Sheet. Answers
written in the Question Paper will not be evaluated.
Zaie} TS HX[o Mo, ZHX|of =AE B2 YK tsLICt

o \Write your answers legibly in ink.
e Y YAMOR HoAle.,

e Please make sure that you have received all the materials and equipment listed for each
task.If any of these items are missing, please raise your hand immediately.
Zb otHo| S E0M MAIE 2= Mzt 7|78 BF EUA=K] 2QI5HA| 2. 2Hef wiHEl 20|
AUCHH A 22 EAQ.

o Safety: Always wear goggle, mask and gloves for TLC experiment (Part A).
QHH Fo| Al TLC A S¢tol= &4 1=, 023 W HUS AL (TE A)

e Stop answering and put down your pen immediately when the bell rings.
L= 50| S2|H JZA| HEHX| 2Hd 2 SXotn HE W 5242,

e At the end of the test, place the Answer Sheet and Question Paper in the envelope
provided.Our Assistants will collect the envelope from you.
0| ELIH HUX|Q ZHXIE S50 HoA|. HAZXTWI SFE 2l AYLICL
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IBO2014 PRACTICAL TEST 2
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Materials and Equipment (K| 2 % 7| 3)

Task 1 (2HA| 1)

Plant material(2 & M 2)
e 2 x 500 pL of leaf ethanol-extract labeled A and B (in 1.5 mL microtube)
ARtBE HAIE 500 uL 2| Y OEIS-F=M 2B 274 (1.5mL OO|AZSE EA US
e 2 x 1000 pL of leaf ethanol-extract labeled C and D (in 1.5 mL microtube)

Cot DZ HEAIE 1000 pL o & OELZ-FEW T 2 7] (1.5mL 00|22 FEO| EA

JE)

Solution and reagents: (21} A|2f)
e 200 mL of hexane:acetone mixture (200 mL 2| Sl AHOLME = 3Hol)
e 25 mL of alcohol (EtOH) [25 mL 2| Of Et-=(EtOH)]

Technical material (&H| % =)

e 1TLC tank (TLC &3 17H)

e 1 Micropipette 20-200 uL and yellow tips (1 box)
20-200 pL OtO| 3 ZIm}O|E 1 7t W2 & 1 EtA

e 1 Micropipette 100-1000 uL and blue tips (1 box)
100-1000 pL OFO|Z ZLjO|Tl 1 7Het 2F &l 1 EtA

e 2 Cuvettes (F&! 2 7H)

e 1 Cuvette rack (&l 20| 1 7H)

e 2 Falcontubes (15 mL) (15mL 22 FE 27H)

e 1 Timer (EFO|H 1 7H)

e 1TLC plate (10 x 20 cm?) (TLC £ 1 7H, 10 x 20 cm?)

e 1 Filter paper (20 x 20 cm?) (2 EH| 0| 1 7H, 20 x 20 cm?)

e 1 Forceps (T4l 17H)

e 1 Pencil and sharpener (3 21t AZ 70| Z} 1 7H)

e 1 Ruler (Xt 1 7H)

e 1 Calculator (Al4t7] 1 CH)

e 1 Pair of gloves (&2 1 &)

e 1 Goggle (224 1 7H)

e 1 Mask (Ot23 1 7H)

e 2 Cuvette label (78! 22 X| 2 7H)
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Task 2 (1t 2)

Plant material: (A& M &)
e 2 x 1000 pL of root extracts labeled C7 and C8 (in 1.5 mL microtube)

C7 1 €8 22 HA|E 1000 pL 2| %2 =4 2 FE (1.5 mL OO|AZFE
=013 .

Solution and reagents: (21} A| 2f)
e 1500 pL of 250 ppm starch stock (250 ppm =2 €4 1500 L)
e Abottle of 1Kl reagent [RLESI ZE (F2)8N 1

e Abottle of H:0 (BF = 19)

Technical material: (&HH| X =)
e 1 Micropipette 100-1000 uL and blue tips (1 box)
100-1000 L OFO| A 2Im}O|Tl 1 7Ht 2 F &l 1 YA
e 4 Cuvettes (8! 4 7H)
e 2 Microtubes (Eppendorf tubes) (1.5 mL) [1.5 mL O}0| 22 (OHE=ZEZ) 5= 2 7{]
e 1 Timer (EtO|O{ 1 7H)
e 1 Pair of gloves (&2} 1 &)
e 1 Calculator (Al 4t7] 1 CH)
e 4 Cuvette labels (8! 2 X| 4 7H)

Task 3 (1Al 3)
Plant material: (A& M2Z)
e 3 x plant specimens labeled X, Y and Z (in Falcon 15 mL)
EmLEE FEZ0 X Y X ZZ2 BAE 37 A8 BEE
Solution and reagents: (£ S A|2)
e A bottle of H,0 (35 1 H)
e A bottle of Aniline Sulphate : stain lignin — yellow color
(&t ot 1 9, g[aH A — - EhAl)
e A bottle of Sudan Il stain lipid, i.e. suberin — red color

SEHISY 1Y, AHIRID 22 KT G - B2 M)

Technical material (&H| & =)
e 1 microscope (104 1LCH)
e 2razor blades (HZ=E 2 7H)
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e 6 microscope slides (E2}0|=22tA 6 7H)
e 12 cover slips (FAHZ2tA 12 7H)

e 1 forceps (A 1 7h)

e 1dissecting needle (SIE %! 1 7H)

o Tissue paper (El5+ | 0| )

Note : Use given materials properly! No additional materials will be
provided in this experiment.

Fo: FOiTl M2E HESH AESHA|R2. 0] HYHOM FIt MEE
HExIx| k&L .
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Task 1: Determination of plant pigment
A 1: M E Mol £
Several plants are resistant to flooding stress by various physiological and morphological

defense mechanisms. Prolonged levels of water stress may cause several physiological
symptoms resulting in death.

9 AZ2 CHyst 42lH U HEIY 2ol 7|8 S M4 AEA(fooding stress)Ol

]
MNEAHS JHECL |20 48 AEHAL o AN ZH2 QUK 2T 4B 57

In this task, plants were grown for 2 weeks with 12/12 h(light/dark) photoperiod and exposed
either to flooding treatment or normal watering as control.

O] THH|OIAM LS 12/12 A|ZH(ZH/Q) &ZFT| OfgfolM 23 SOt A2 S 7|2 3, Mgz AL
HaMaotn, tiza H20le dH2R 25 FULL

To analyze the physiological conditions, leaf samples of stressed and normal plants were
extracted and analyzed for pigments. These include qualitative observation by Thin Layer
Chromatography (TLC) and quantitative measurement by spectrophotometry analysis.

MB|R RHS 2A517| Q810 RI2E AISTF KA AIZ0|AM Q XEHS Ho|510] MA M2
=
=

ST O] 22 WOr 32 0LE1A(TLC)S 0|8 Mol HAX 2N 2FYE
0|83t M40 WK BHS EHBICH

Part A Qualitative identification of pigments by TLC (20points)
LtE A: 29 3 20LEJ{T(TLC)E 0| 8¢ M40 HEEN

You will be provided with one extract from treated-plants and the other from control leaves,
arbitrarily labeled A and B to run on TLC plate together. Prepare the task by:

A& oS AlZo| XZMIF A fED AI2Oo| XXMS Dxtoz A 9 B 2 HEA|5}0]
2O A M-St O] A== #OorM el TLC o ALk Chgar 20 o] MAE
TSN 2.

- Attach the filter paper provided to one of the inside TLC tank walls.
MSE EHHOIIME TLC Q| o & Hoj| 2AISHA|2,
Add 200 mL of hexane:acetone (7:3) solution to the TLC tank, and close the lid.
200 mL of dll4kObM|E(7:3) 8US TLC B30 10 FHS HAL.
- Use a pencil to lightly mark the edge of TLC plate 2 cm from bottom, top, left and right

edges. Draw lines one on the bottom and one on the top of the TLC plate. Indicate A and
B on the bottom line.
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TLC ol ofzff, ¢, 2% &l @EX
EAISIA|2, BA|SH S AASIY TLC THo| 2|9t ofzjo ME 129X, ofzf
A2t BE RIES HEAISHAR

- Micropipette 100 yL of Extract A and discharge the extract on the bottom line of TLC
plate and repeat with Extract B. Make sure you concentrate the extract on one spot.

OO|A2MO|TOZ 100 ul o =W A S TIC TO| ofgf M X
AZESIA|Q, OHEZLXIZ 2™ BOf 100 Lol FEH BE AZHSIN R, 2t FEAHS

AZE oI otLtel A2 HE gdotEE FooH 2.

wﬂnaz$a7wuanafxmwnﬁg§emr
= M

>
4

- Air-dry the plate for 5 minutes then place the plate into the TLC tank.
TIC S 52 7] S0M ZEl Lhg TLC A0 AL

- As the eluent reaches the top line, remove the TLC plate immediately from the tank.
Mark the end of the solvent front.

I goi7t /1% Mo =5 TLIC EE YAO0M HZ HLUAIL. 01 EH(solvent
front)2| £ HA|SHA| 2.

- Remove the TLC plate and place it on the sheet provided with your student code. Raise
your hand. An assistant will take a photograph of your TLC plate for grading (4 points).
TLC B2 HY Chg oY HooF X3l Jo[o 28 52 &2 EAQ AY z=uJt
Of2{Z9| TLC E2 AN #Fe AL Ch ¢4 H)

Question 1.1 Calculate the Rf values which are a ratio between distance of center of the spot to
start line and distance of eluent from start to stop line and determine tentative name of pigments.
Identify the pigments using the Table below (12 points).

ZH 1.1, OffMRE)2ZFEH ZRGMA I 017t o]5T AHelof Higt HEL=RRH

Ma AZO| 0|53 H2(AE| FHMK|S H2lyel Hi(atiod! Rf %S Adetn, ofd

WA QK| E FESHA 2. of2e| & 1S 0|8510] O MK & =2telste] 1 H S EHeHX|of

Al
MAIR.(12 H)

Table 1. List of 4 major pigments to be identified (221 & 4 72| =Q A A)

No. Pigment Chemical structure
M2 ST
1 [-carotene
B7IZE AV Y VO Y0 Y e e e N
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2 | chlorophyll a chlorophyll a chlorophyll b

oz A

B2 a

I u‘; - | . K |

3 chlorophyll b P ;

HEAb B

Xanthophylls ij
4 P _y \\/&/\\ J\ N X X

AAMED
HO \

Question 1.2 Indicate with a tick (V) if each of the following statements is True or False (4

points).

A. Rfvalues of chlorophyll a and chlorophyll b are different due to their molecular weights.
B. Rfvalues of chlorophylls and B-carotene are different due to their polarity.

C. Flooding stress affects the concentration of chlorophyll b.

D. Plant A was grown in flooded conditions.

=8 1.2 ot2fe] T=0| FHRAX| AXNLAXE HA OFFAN)E EAISIAI.(4 F)

A GBS a2t B4 bo| Rf 2 152 2AE MEZ0| M2 Ch2C
B. @845 p-7tR2EIQ Rf gf2 52| 5§ W0 M2 Lt=Ct
C. &= 2Ef|2s @52 b 50| b= O|FICH

D. A& Ac Ea Z=UO0|A XpREL.
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Part B Quantitative measurement of pigments using
spectrophotometer (716 points)

GHE B: SHYEAS 0|83 MA0| WY BN (16 F)

Quantitative measurement using spectrophotometer is essential to determine content of
pigment in control and flooded plants. In this task, you will be given leaf extracts C and D.

ST CHZ 0|5 MAO| MEHAMO MA AIZT} AlA AEPAZ HIO AIZZEE MAO|
&= 28ot=t E+HO|CL O A= C 2t D 2 BX|E & FSHS 4TI}

1. Transfer 1 mL of each extract into two separate 15 mL Falcon tubes.

2. Dilute each extract to10 mL with alcohol and mix the solution well.

3. Pipette the diluted Extract C into the cuvette and label with C and repeat for Extract D.

4. Raise your hand. Lab assistants will take your cuvettes to measure absorbance
(A)(A = 649 and 665 nm) and provide you with the readings.

5. Calculate the concentrations of chlorophyll a, b and total (mg/L) using the following

equations (Wintermans& de Mots, 1965).

Total chlorophyll (mg/L) = 20.0 (Assg) + 6.1 (Ases)
Chlorophyll a (mg/L) =—5.76 (Asas) + 13.7 (Asss)
ChIorophyII b (mg/L) =25.8 (A549) 7.7 (A655)

1. FEH 1 mLYS 15mL 22 FEO| 242 E=C
2. o710 OEFZE EOf —’F—%"—*i A 74 10 mL oI o= §|¢16H'_ gdg & H=Lth
3. YME FEH CE T
D £ mjo[Zez RHlof %—1 D2 EAIEFEr.
r2 & JHR|3 7t BE AQ =
649 and 665 nm)E £t CtF ZHX|E sHdof| Al '
5. of2fie] A2 0| 85t0f FEAa BEA b H T FFAQ AY(mg/L)S AlLISHA| 2.
Total chlorophyll (& EF22 &) (mg/L) = 20.0 (Agss) + 6.1 (Ages)
a) (mg/L) =-5.76 (Ass9) + 13.7 (Ases)

Chlorophyll a (E@& 2
Chlorophyll b (E& 2 b) (mg/L) = 25.8 (Agss) — 7.7 (Aces)

Question 1.3 Write down the absorbance values into the Answer Sheet. Calculate the
concentration of total chlorophyll and chlorophylls a and b. (precision: two places after the
decimal point) (70 points).

28 1.3 PR SHE S HOAQ HELa YEL b U

= -

SEE AMUSA (2F 2 XF2[7HX] A LHSHAIR). (10 &)

ot

£ A (total chlorophyll)2]

29/04/19 3.00 PMPage 9 of 15



IBO2014 PRACTICAL TEST 2
BALI, INDONESIA PLANT ANATOMY AND PHYSIOLOGY

Question 1.4 Calculate the ratios of chlorophyll a to b for Extracts C and D (precision: two
places after the decimal point)(2 points).

=M 1.4 ZZHCADOAM HEL b0 CHSE BEA a2 HIE ALAMSHA 2, (2H 2 Xt2|7THK|
HAMSIAIR). 2 F)

Question 1.5 Indicate with a tick (V) whether each of the following statements is True or False
(4 points).

A. Plant C was grown in flooded conditions.

B. Under the flooding stress, the degradation of chlorophyll b is higher than of chlorophyll a.

C. Photosynthetic rate in Plant C is higher than in Plant D.

D. Flood-stress plant has a lower nitrogen absorption than under normal conditions.

= 1.5 Ot o T&0| FHRIX| AXRAXE XA OAWNE EAIBIAIL. 4 H)

A ME Ce Ha =AM RHRLL

B. = 2EH A 0= EEL b7t EEL a B0 O 2 2L

C. Mz col dgda2 M=De degdde2n o =0t

D. A+ 2EYAE 22 422 M= Hol O H2 22 548 EQUCL

Task 2: Determination of starch content in root extract (27 points)
Under flooded conditions, the respiration of roots and microorganisms quickly deplete the
remnant oxygen in the soil. As a result, flooded tissues will rely more heavily on anaerobic
metabolic pathways. In this task, you will quantify the effect of the lack of oxygen on the
recruitment of carbohydrate from starch reserves using spectrophotometry on extracts from
flooded and control plants, arbitrarily labeled C7 and C8.

R 2: Ba] FEHOMO| HLY =W (21 F)

M4 EAUME ®olot 0|YB B

= = = M7t G55 Dz el
1 Zu geEl =2 Fiad SEUA| 2o § ROl olESHA ECh of IHHoA
OlfZ2 M 850 MY e sT2EH Eaolas S0t E o oX= 218 §FH2=
Fg%7| fl5tod, FARZ2 €7, 8 2 BA|E HE A=l YA iz ME=ZRES
FEYS VXL 2SS 0|80t ECt

Part 2.1 Measurements

In order to quantify starch content using spectrophotometry, you will compare the absorbance of
the Lugol-stained plant extracts with the absorbance measured for dilutions of 250 ppm and 100
ppm starch.

olE 21 &4

8310 50| %S EHB}7| 0], 2ZU(Lugol soln)22 FMEl A2
= =

= =

ot Hlag Ao|ct

4% Hr
Wt Ok
e
10
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Question 2.1 You are provided with a stock solution of 250 ppm starch. Prepare an additional
1000 pL stock solution of 100 ppm. Begin by indicating the required volumes of the 250 ppm
starch stock solution and H>O in the Answer Sheet. Pipette these volumes into a fresh
microtube and mix well (1 point).

25 2.1 02207 E 250ppm =Y 80| FBECE 1000 L ©f 100ppm 5 SAS
BHEAIQ. BIX|, O|HE BHE7| 9Iof TR 250ppm HY SUIL FRAS ¥S HO

HoAl2 7|gE & M O0[22RE0 210 & 25t (1 8).

Prepare now each of the four samples; starch dilutions of 250 ppm (C4), 100 ppm (C6), plant
extracts (C7 and C8) as follows in cuvettes:

1. Pick one of the provided labels and stick it to a cuvette.

2. Pipette of 900 pL of the sample into the cuvette.

3. Add 100 pL of Lugol (I2KI) solution and mix well.

4. Incubate for 4 minutes at room temperature.

CtS Ot 22 4 7HX| A|2E ZH|SIA| 2. &, 250ppm S 5| A4 2H(C4), 100 ppm =L 5|44 2H(Ch),
|I:I

=
= =Y (C7T L C8)= A 24712 Az RS Ci31 20| THISHA 2.

A

1. 2tEE RE0 20/Al2.

2. Zf A& 900 uL £ mfojiez FElo| d2A|2.

3. 100 LS| REEH(R2AES ZE)S 4 FEO 210 & 2o
4. Hd20] 4 27 FAIL.

Raise your hand when your samples are ready. The assistant will then collect your samples for
measurement and return a print out of the obtained absorbance.

AMz7b EHIEH &5 EAR. 2 =07t g2 AlRE 7HM7tM F53d% g 58

degls ZRESHO o2/ =2 & AL

ot

Question 2.2 Fill the table of absorbance values in your Answer Sheet (8 points).
=8 2.2 HoHX|of = SEE 50| FEUS MFAIL B8 H)
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Part 2.2 Data analysis
I} E 2.2 GO 2

Under the assumption that absorbance is changing linearly with the starch concentration and is
0 for a starch concentration of 0 ppm, the relationship between starch concentration (x) and
absorbance (y) is given by

y = ax
SEE7 52| &0 FH[sto] HtH, S22 =7t Oppm € M= 0 0|2t= 7HE Otz
=2 X2 SEE(y) AO|2] A= CtZar 2Lt

y = ax

Question 2.3 Use a linear regression approach to estimate the slope (a) of the above equation
as

and report the obtained result with a precision of two places after the decimal point in the
Answer Sheet (4 points).

s o . o _ ZXy N .
=H 2.3 ddz|H HZES 0183t ¢ Aol 7|27 (a)§a = TxZ Aof CHRISHA Al atsta,

1 Z2iE ©HekX| o 2F M A7 H2A| 2. (47)

Question 2.4 Use your estimate of the slope (a) to calculate starch concentrations (ppm) in
Samples C7 and C8 (integer, 4 points).

2H 2.4 012/ 20| A A3t 7|27|(a)S 0| R8}0| A|R C7 1t C8 0| 5 52 (ppm)E HAHSHAIQ
(42 MoA|Q, 4 7)

Question 2.5 Indicate with a tick (V) if each of the following statements is True or False based
on your observation (4 points).

A. C7 was grown in flooded conditions.

B. After flooding, the concentration of sucrose and other soluble sugars increase in the roots.
C. Impaired carbon translocation facilitates starch accumulation in roots of flooded plants.

D. Alcoholic fermentation in the root might increases as a result of flooding.
=H 2.5 Of2f2| T&0| FAX| HARAXE HA O WE EAISHAIL. (4 H)

A C72 &&= ZZHO|AM KpRECEH

B. Xl 3 M0 A 2A Gl OHE 8 To| 5= =57I5tC}

C. Bt 0|5(2Yhel =42 HE AZo| He|oM s HXZ FXlstrt
D. &4 Z1f ge|ofAe I 2 Lalt 7t &= ULt
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Task 3. Observation of structural adaptation in plants (39 points)

A 3. A= FxHQ HF 2 (39 H)

Anatomical and morphological changes in root and shoots usually occur as structural adaption
to waterlogged soils. The stress brought on by low O» concentrations in flooded soils leads to

the formation of aerenchyma in some tolerant plant species, a process that can occur in roots,
nodules, rhizomes, stems and submerged leaves.

#2|9f XA (shoot)0llA Q] Siers] 9l HENStY
Moz LtEtHCh EEE EYUM 22 420, sZ0 2f3 2 2
AE BOAM  He, #elz, ®eE7, F70 R HRE oM ojut= upEel
£ 7|Z%|(aerenchyma)| &S SLSIIALE.

Find three specimens in Falcon Tubes X, Y, and Z. These specimens were obtained from plants
developed in two different soil conditions.

a. Make a cross section of each specimen and stain with staining solutions provided.
b. Observe the structure of stained specimens under the light microscope.

X, YHZ2 BAE 22 FE0 S0 U= 37HX AIRE R2A|R. 0|5 AM=ZE F 7HX[9
MEZ OE =49 EY0A Zdot 4=2HE 2l ZA0|C}.

Question 3.1 Observe the sections carefully and complete the table on the Answer Sheet

using symbols: “+” for presence, “-” for absence. (6points @0.5)

T 31 2oz BHE ANZE DML 2ESHD, EXWSHH “+, EXSHX| o™ - 7|2 &
A

(<] =
AHESHO] BOHX[Of = B E IS 2. (6, 2 0.5 )

Question 3.2 Indicate the diagram number corresponding to the specimen (9points).
=M 3.2. otz o] EAEO|M AR0| S|HSt= AS HOF A S E HoAL. (9%)
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/]

=+ 4
Ya ey

i

'
(b g

Question 3.3 Indicate with a tick (V) the type of aerenchyma of each specimen (9 points)
EH 33 Z AlRo| 87|x2% FEE HIADIRW)E BEAISIAIL. (9F)

{ Lysigenous ] [Sclwmgenﬂus }

(Lysigenous: It 4 %X) (Schzogenous: 0|’ 4X)
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Question 3.4 Indicate with a tick (V) link the corresponding specimens with particular plant
organ(s) based on your observations (9 points).

=M 3.4 THEO| 230l 2 A2Vt o Y AlE 7|0 sigst=Xl MACIAWE
HAISHA|2. (9%)

Question 3.5 Indicate with a tick (V) for each of the corresponding specimen with their growth
condition (6 points)

=H 3.5 Zf A[Z27t ot W3 ZAH0| siYst=X] MACIAWE EAIBIAIL. (6F)

End of the Practical Exam (X & A& &
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