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The answers written in the question paper will not be evaluated.

SRS LIVEERGSEDT -

In order to use the flags (the signs on your desk) just put them in the flag stand located
on the left wall of your desk.

Fo TEERVINE (R T ERVERE) - BFEMBHER T/ LA BRI -

Please ensure that all the materials and equipments are available to you. If anything is
missing, put your yellow flag in the flag stand no later that 5 minutes after beginning of
exam. (Any complaints after 5 minutes will not be accepted)

sptEORIE AT LAGE IR A 251 WIRIER(EEERY - 55AE 5Fia1k 5 08 PR s R E IR
\L (S RV A G2 )

In case of emergencies or questions put your yeIIow flag in the flag stand.

b S S SO NSO -9 Eii e S

No additional materials will be provided in any case of material loss during experiments.

HEERBET > (EAMRHRRE A SRS AR -

Please be careful to follow the safety instructions while using materials on this task as
is noted through protocol.

IR P BR R HURRER - TR0 It Taska UM HEG - SESMESTERERE -

We suggest you to read the entire protocol before starting the experiments which helps
you with time management.

B R AR B 5 AR (H R E D BS DI B O TR 2 -

Stop answering and put down your pen immediately at the end of exam. Put the entire
protocol with the answer sheet in the envelope. Our assistants will collect the envelopes.

P A A > ML RME IR PRI N2 o KPR (R P RS AR E B RS oh » AFIHIBS
FRUEEEE -

Good luck #iRiFiE

Write each indicated number in the cell next to it with your own handwriting.

R TRATEIEY > B M FEE -

Materials and equipment (Number of each object must be noticed)

25t (RERHNE)

1. Microscope {5

2. Lab gloves, tissue paper FE& - {4 4%

3. Samplers ( 100-1000 pL) and blue tips &% ( 100-1000 uL) KBS fL2pE
4. TLC plates (5 plates) TLC i (55)

5. Pencil (1) $% (1%)

6. Ruler (1) R (13m)
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7. Tweezers (1) T (15%)

8. TLC tank with lid (1) HZ#Y TLC &L (14H)

9. Capillary tube (1 box) E4HE (15)

10. Transparent tape (1) EHEBETE  (11§#)

11. Safely-taped razor blades (5) Caution: Do not cut your finger. Take the blades
from their yellow-taped site J7J5 (/NOZIE1E]F)

12. Band aids (2) 4575 (21&)

13. Alcohol pad (2) JEfEtRA  (21E)

14. Watch glass (5) #EHZZHWEEEE  (5(F)

15. Foam (for sectioning) fREERE (V]F )

16. Glass slide and glass slip (5 each) &3 H /&7 A (5(#)

17. Wash bottle 500 mL (1) 23 500 mL (1{[)

18. Beaker 1000, 50 and 25 mL (1 each) JE&£f 1000, 50 and 25 mL (%1 {[&)

19. Dropper (1) JEE (1%)

20. Pipette filler (1) IzETE (1 {#)

21. Pipette 10 mL (1) & 10 mL (15%)

22. 1 mL syringe (1) 175 1 mL (1%)

23. pH- indicator paper fiZfinzt4%

24. Test tube (5) :VE (57)

25. Solution 1 for NO3 measurement (1) [CAUTION] & HIRSBEEEAY 25/ (Zv0)  (1#)
26. Solution 2 for NO3 measurement (1) &5 EAYAE2 (1)

27. Color reference strip for NO3 measurement (1) & HIf4 4 VB R EHIEE (1 46%)
28. Solution 1 for CaCO3 measurement (1) & HIbREEF5HAET (1)

29. Solution 2 for CaCO3 measurement (1) & HFREESEH720%2  (1{#)

30- A rack containing: & 4LHH

-One Falcon tube containing TLC solvent (TS: Ethanol: n- Propanol; Distilled water,
2:2:1), 18 TLC Bl (B IENEE/K 2:2:1)

- Extracted petal pigments in microtubes labelled as PA to PE, (N-& Lt =AY/ INE (47
AT FsPA 2 PE)

- Soils washout in falcons labelled as S1-S5 [N& i E/KAVE (9 HITER £5S1-S5)
-Leaf extracts in microtubes labelled as L1 to L5 N&TE | 2 HUERHY/INE (57 AT AL
% L9)

-Sodium hypochlorite solution (cleaning agent) X &FE 8K (5 ZH])

- Staining solution (Toluidine blue O solution) Zx7 (FHZEfZEE O)

- Leaf samples A-E preserved in microtubes £ H {R{EE AN/ NE (43 B BA-E)

- Microtube containing KOH pellets (1) [CAUTION] @&/ b#EEfr B9/ NVE (11E) (Z]0s)
31- Answer sheets (two, 1 for writing the answers and the second one which is labelled
as Answer sheet 2 for pasting TLC plates) & Z4% (255 » 159EEEZE » BB RAE"EZE
42" EHZRAL TLC fAv45SR)

32- Green and Yellow flags. 4% % s )i T

Introduction f&4}

Caryophyllales is the carnation order of dicotyledonous flowering plants. It is a diverse
order that includes trees, shrubs, lianas, mangroves, stem or leaf succulents, annuals,
and even carnivorous plants. Many members of the order are ecologically specialized to
tolerate extreme environments. In the following experiment we are going to investigate
ecophysiological features of five members of caryophyllales order in response to
different habitats.

AT H EiEGEE DR AT EEY) o EEERE SRR - GREEIR R AR 4L
PRAEY) ~ HKEEEENE - —FAEEY) - ER a0 o 572 AR LERESIM 32 f Y
B - DUN EhiriRaT = (8 H Ay SR B A [FEIE T S e 2 A B A RRHYRF (L -
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Task 1: Betalain and anthocyanin in Caryophyllales

Task 1: G7TH BVEHRALREKILE R

Nearly all flowering plants have coloured petals with red, blue, or purple products of the
anthocyanin biosynthetic pathway. Anthocyanin pigments play additional roles in
vegetative tissues, providing protection against ultraviolet (UV), herbivores, and
pathogens. Moreover, a second group of colourful pigments, the betalains, is found in
the plant order Caryophyllales. One of these two types of pigments exists in each family
and they are never found together.

RPRTABCHEYINVAL ~ B ~ BCREHVICHE - B A IEE RGO - SEsHsEny
fER R A EAMIIEE - PIOAHRPIUY ~ e RREE - A0 - BT HER S — it
B - HSRALR - ElEIERFER A BAER  BAGEEHIH -

The pigments of petals or bracts of five species (plants PA-PE) of Caryophyllales are
extracted in microtubes (plants A-E) . Each plant belongs to one family. Determine the
kind of pigments present in each plant using the protocol 1.

AT HE A EEY)(plants A-B) BYTEHREGE 7 Fr 2Bl 63 0 BIBEAERER PA-PE/NVE
e At BUEHA ERE o FIHEREDER AR e H ez -

Protocol 1. Anthocyanin and betalain assay:

HRAEA BN 103 % R H AT £ i

1.Mark the TLC plates. Draw a straight horizontal line by pencil about 1 cm from the
bottom of each plate. ( trapez shape. Draw another line 4 cm above the the former one
and consider it as the solvent front line).

1.4ETLC R EZ|4R. (R RUSENRET A0 - DI S 1R aR Rtlhh o M Aeh Bk
FEREERAN TR 4 B PR R EE R4S B4R -

2. label the TLC plates. Label all the 5 plates from A to E on the top with a pencil (in
English alphabet).

2. BRTLC AR LS =EAERE R TLCI Elw sy BIARFPAE EA - E

3.Take a small amount of solution. Shake the tube before using. Pick an appropriate
amount of the pigment extract by using a capillary tube, to spot on the plate.

3. BUVBERUK. (AT S MEBAEREE O RFEAUR - BER L -

4.Spotting on plates. As shown in figure 1, gently spot each extract on a separate TLC
plate on the horizontal line (Spot radius should be about 0.2 cm). Repeat spotting for
each extract to concentrate pigments on TLC plate (about 3 times). It is better to let the
TLC plate dry before each spotting.

4. 7R EREER. WEIMFTR » 73 plER ETLCHR _EAYAEELSR FiKEES FAEHUR - By
8&50.2 cm - GRBERZIE R —2X - 2/DEEIR » ZZHEREA HR -
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Lid &+
Front line 442645
\( \ / 5 cm from bottom
TLC plate — ™ TLC Tank
Pencil line ~}
1 cm from bottom
\\ ——
N/
/

Spot of petal extract Solvent IR

5. Preparing the tank. Pour the solvent (Falcon TS) to the tank (notice that when you
place the plates in the tank, the solvent level should be below the spots). Cover the tank
with the lid and wait about 5 minutes to solvent phase equilibrate with gas phase.

5. KB FERREA Y (LR - ERETLCHRIRAGL Y » BRIR AL ORER T
7)o ELET  FFESTE - SRR R -

6. Chromatography. When the spots on the TLC plates are dry, gently and immediately
(solvent/gas equilibrium must be maintained) place the TLC plates into the solvent tank
by tweezers, just in the furrows, with the spotted end of each plate at the bottom.

Note: Put all plates simultaneously in the furrows inside the TLC tank.

Submerge the bottom edge into the solvent. Cover the tank with the lid again. Let the
tank be undisturbed. Wait about until the solvent reaches the solvent front line.

6. Bt fE AT EETLCH EAVERERRZ T @ (EAE T TRIHETLCHU VLB AGL 7%

il o ARG R RAE T - R [FRE ShARTEEL FRE R ERER - TR R
IR - BEFET > FASTHE > EIEHRIERAKE4E -

7. Remove the plate. Using tweezers, carefully remove the plate from the tank.

7. BUHHAR T (EFET > /IO HUER T -

8. Wait for the solvent to evaporate off the plate.
8. TR EHVERAIRC 1

9. Stabilization. Paste transparent tape on your plates to prevent pigment loss and
attach your TLC plates to the answer sheet 2. Solvent front should be upward.
Note: Once you finished it, put the green flag in the flag stand.

9. EE. AW EE R LT » MRIETLCM - FEZEFEM2 L (KRR
E)-

FE BB —HERC AR EE T EREESE L

10. Calculate the retardation factor (Rf). Rf is the ratio of the distance a band has
moved to the distance the solvent has moved. Use the middle of each band to measure
travelled distance. (Figure 2)

10. 5t ERME. RAEZ R IEREAR B bR BhrEEE « EhME - DAY SR TR O & -
(Figure 2)

Note: Rfs < 0.70 stand for anthocyanin and Rfs > 0.70 for betalain.
R Rfs<0.70 » BIRIEHZE + Rfs > 0.70 HIEFHEISEALE -
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Solvent front

Direction of
solvent flow

Spotting place = |

Question 1. Indicate presence of anthocyanins or betalians in plants A-E with a “v” in
answer sheet. Also write related Rf-values (Display only two digits of the decimal point
and ignore other digits).

Question 1. fEZ AR E > 2RI V7 ERHIEYI S A CE RBEEEALER © WECiHAHERS
{EZE/NECRER AT -

To deliver answer sheet 2, put the green flag in the flag stand.

BEGHCIERNR2 - FiRGEETESR L

Task 2: Ecophysiological features of plants in order
Caryophyllales
Task 2: A7 H HEYHEE L EBRE

There are five soil washouts indicated as Falcons S1-S5. There are also five leaf
extracts (microtubes L1-L5).
S1-S5% 3 B LM + MBI - SYMEATEH AR (L1-L5/VE ) -

Note::The 5 soil washouts (S1-S5) correspond to the 5 leaf extracts but(L1-L5),
one by one (S1 belongs to L1). But we do not yet know which of these soil
washout and leaf extract pairs belong to which plant (Plants A-E).

TR AETRERAHEEAEER ZIK - HEEARES L BIBIRRNER ZHUR
BREEEFHEY) (Plants A-E) -

By performing protocols 2.1 to 2.3, measure the CaCO3; and Nitrate concentration of soil
washout samples and the pH of both soils washouts and plant leaf extracts.

HMIHERIFEPER2.1 to 2.3 » SRl E T38RI R AR 35 S b BR RS & T IR LA
KR ZERURAIpHIE -

Note: The leaf extracts were prepared at dawn.

ER: BR ZRURE A R ERT

Protocol 2.1. Measuring the soil CaCO3 content

ZEPER2.1 B HIRMAVIRIE S = 8

To investigate the total concentration of all salts in soil, we measure CaCOj3 content of
soil washouts by conducting volumetric assay. “Solution 1 for CaCO3 measurement”
contains an indicator that turns blue when there is no free Ca?* in the mixture. “Solution
2 fc%r CaCO3; measurement” contains compound X (4 mM) that forms 1:1 complex with
Ca“* ions.

FypRef IR ATAEERYRURE - SIS T O E TR R R AR LSS 2 8 - "R
FesBm" a e g R A ECa? R &N B (G - "RHIRRAE §5 1 A 2"
Al ALEY X (4 mM) » HERESErPRk 1:1 EE558 -
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1. Add 10 mL of the soil washout to the beaker. (Wash the beaker with distilled water
before this step, if necessary).

1. BU10 mL gy -E B IRiR Bttt (2R - eIz Ksert)

2. Add 2 drops of the “Solution 1 for CaCO3 measurement” and mix. If the solution is
blue, the CaCO3 concentration is <1mg/L. If the solution is red, then proceed to next step
2. A2 "SR F5HE R DR 5195 » EEREE T - AIREEESRE f <1 mg/L
Gredl o AI4EE NEb By -

3. Using syringe, add “CaCOgj solution 2” to the mixture until the colour turns blue. Shake
the beaker while adding the solutlon Write the volume of “Solution 2 for CaCO3
measurement” consumed and Ca?* concentration of soil washouts in Question 2: Table
1 of the answer sheet (Ca molar mass = 40 g/mole).

3. (EFIEtE e A" MR B $5H AR EEAREE S - BRI - BHEREN - B
ZZ4K Question 2:Table 10 » 55 TBFERIAYAR 2278818 » DU T EEEER AV S5 T-RE
($5HYEH E= 40 g/mole)

Protocol 2.2: Measuring_the Nitrate content

BlESER2.2: QIEHEEEE

To measure Nitrate content of soil washouts, we use a kit. Instructions of the kit are as
follow:

T HOEIERAVI B & BT s R SR - S

1. Pour 1 mL of the soil washout sample in the 25 mL or 50 mL beaker.
1. B 1 mL #8871 25 mL 2 50 mLEErr o

2. Add 20 drops of the “Solution 1 for NO3 measurement” carefully and then add distilled
water until the total volume reaches 10 mL.

2. /DA 20 Y "I BREAR 1" MR IIZREDK - EEI8eE A 10 mL

3. Carefully and using gloves and tweezers, pick 2 KOH pellets and dissolve them in the
above mixture.

3. HLTE ~ (IS T/IMLAK 2 JH @SR SR T - ME 2 7ARR

4. By adding drops of “Solution 2 for NO3 measurement”, a yellow colour will appear.

4. A "B RS 2" BEINEED -

5. Continue to add “Solution 2 for NO3 measurement” drop-wise and shake until the
yellow colour is stable.

5. m A "EHNREISK 2" IWREE1ES)  BEFEERE -

6. Transfer about 5 mL of the mixture to a test tube and compare its color with the color
reference strip for NO3 measurement. Record the result in Question 2: Table 1 of the
answer sheet.

6. £4Y 5 mUE SR BEE AGE F - I LS NHE 2 BRO BRI - MR EEE
4% Question 2 :Table 14 » 3 $F455E -

Protocol 2.3: Measuring pH
EIEDEE2.3: JE pHIE

To measure pH of soil washouts and leaf extracts:

HIE 13 M e R AERUR Y pHIE

Put one strip of the pH paper into the sample and pull it out after a few seconds. And
shake off the paper to remove extra solution.
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FER A AR T - B R HU - RS EZERIVAR -

Determine which colour matches the reference strip and record the corresponding pH in
Question 2: Table 1 in the answer sheet.

DIBRE SR AR EE B B - MR AEE 224K Question 2 :Table 1 ot » SUER4ER -

According to obtained results answer Question 2: Table 2 in the answer sheet.
FRIZATIS&E R - 24K ERYQuestion 2: Table 2 5%

Task 3: Identification of C3, C4 and CAM photosynthetic pathway
Task 3: C3, C4 and CANVY: & P HY T

All three types of photosynthetic mechanisms are known among different families of
Caryophyllales. In this task you should determine the photosynthetic pathway of each

plant.
AT HEYIHAERR - oA =R e RS - fEitt - HlEraEE e rE
FieshE -

You can prepare cross sections with protocol 3.

SEEEDER 3 WmEEUIETUIR -

Notice that no point is considered for preparation of cross sections, but you may also
need your cross sections to answer task 4.
AR VR BIHEEARET D - BIREFRZEEEY)H KEETask 4 -

Protocol 3. Preparation of cross sections.

PRIEPER3 . ARUIVI R RIS -

1. Carefully prepare free-hand cross-sections from pre-fixed leaves (microtubes A-E)
using razor blade and foam pieces. Store the sections in water in the watch glass or on
the glass slide.

1. (B J] R MR ERER CEENET CNVEAE) /INOHEEFEIETUIR - RYIR FRUEM
BOE B A HK e

2. Put hypochlorite (clearing agent) on the sections.
2.0k EFesn CERRED VIR ke

3. Remove the clearing agent after at least 3 minutes.
3.2/ V37 8E1% - IBERIERRE -

4. Wash the sections with water (three times) to get rid of clearing agent.

4. FKFRVIR (=20 DABREFRA -

5. Stain the sections with “Toluidine Blue O” solution. (Dilute the “Toluidine blue O”
solution 20 times before using)

5 H"FERIEEEC” M) 7 o (R EAHIRT - Sehmig204 -

6. After 1 minute, wash the stain away using water.

6. 1781& » FI/KEH -

7. Put the sections on a glass slide. Cover each with a drop of water and then with a
glass slip and observe them under light microscope.

7V R BHEES R b o I—RK ~ & LERR - AR EEE N -
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8. Based on combined results of task 2 and task 3, indicate the photosynthetic type of
each plant with a “v” Question 3: Table 1 of the answer sheet.

8.fR{Etask 2 K task 34 E4EE - 1F B ZE4LKAIQuestion 3 : Table 1 [f“v & ~Ef#fE
VIR e e E AL -

Task 4: Crystal types in Caryophyllales
Task 4 : 77 H V&S &EE

Calcium oxalate crystals are distributed among many members of Caryophyllales.
Accumulation of crystals by these plants can be substantial. Major functions of calcium
oxalate crystal formation in plants include high-capacity calcium regulation and
protection against herbivory. Crystals are formed in specific shapes and sizes. The
crystal morphology is species specific and is used traditionally for determination of
species and genera in Caryophyllales.

ERESSEE R EATT HEF 2 AT - EEEYHER REE TR gRA - EYhE
BE S5 4E e RO F ZE D RE AR SR YA e u&ﬁﬁéﬁ?@%@ﬁ%m? S AREN
TEARRIR/IN » 4t Re 2 YiE S — - W H A& B Al R E AT H T eyPErE -

Use the cross-sections of leaves you prepared in the last task in order to identify the

crystal type in the plants A-E. The following figure shows the shape of common crystal

types.

{EF _E—{ETask Ry EE R ) U) R - DIEHIEYIA-ErR RIS S - TRIBUR TF
GE AR IR

Figure 3. Different types of calcium oxalate crystals, (1) prismatic druse, (2) raphide bundles, (3)
tetragonal druse, (4) single raphides.

IR e s - (1) dgfk > (2) #agik > (3) Zffaadg - (4) Hili#l e -

Question 4:

A: Indicate the presence or absence of each crystal form in plants A-E with “v” and “x”,
respectively. In the answer sheet.

A FEEEGLE - VORI 53 RO EYIA-E h RS SR IR AR B

B: Given that prismatic druse crystals are abundant in halophytes, soil washout 3
belongs to plant D, identify which soil (S1-S5) belongs to which plant (A-E) and
fill the Question 4: Table 2 in the answer sheet.
https://2018.iboexams.org/students/ef3b8afd5593b71d7472b922 9/11



2018/7/17 Joda 2.0 - IBO 2018

B : A MY AR & o RN A YDAy - HIEE 118 (S1-
S5) EWHEMEY) (A-E) AU - WEEFEZFELK LA Question 4: Table 2 -

Task 5: Drawing a maximum parsimony tree
Task 5 : 4B E K ELIRS

Maximum parsimony is a phylogenetic approach to reconstruct phylogenetic
relationships. In this approach, each tree will be evaluated with the number of changes
and their weights. The best tree is the one with minimum evolutionary change. Two trees
based on the table below for putative taxa W-Z are shown in Figure 4. In this example,
‘Tree 2’ is better than ‘Tree 1’ due to its lower score.

KRS E e —THE A R RGN A o AEiEME AT - A S LAY 2B S L
e B EEHRE - SR EAVRHREE BA R DIVE EBCEREE - R8N R EEEW-Z
AR TS < I EHRE > AIE4FTR o FEE(EGTF - R EEEREL (score) B
SRR 27 (L “fafiRE 17 -

trait
I Il i
taxon

W 1 0 0

X 1 0 1

Y 0 0 1

Z 0 1 0
weight 1 2 3

score =)> N -w

Ni is number of changes in trait j in tree and Wi is weight of trait i

N AR P RF T AR E > W B R IR E

4 -
—Ill—z —Ii—z
N in +X
—Hll—x e

Outgroup ——————————— Outgroup

Tree 1 Tree 2

score =11 +1*2+2*3=9 score =2*1+ 1*2+1*3=7

The table below shows phylogenetically important traits of putative taxa P-T.

REURE ST EREP-TI 488 4 2 EEEER

Notice the data in the table does not match with the data you obtained in the
previous sections.

AR RTHVEIR SRR TSR BHR AT -
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I I I v v VI viI
trait | (Pigments) | (druses) (raphides) | (pollen (corolla (perianth | (leaf
grain) fusion) whorls arrangement
Plant

P 0 1 1 1 0 1 0

Q 1 1 0 1 1 0 1

R 0 0 1 1 1 0 1

S 0 0 0 1 0 0 1

T 0 1 1 1 1 1 0
Outgroup 0 0 0 0 0 0 0
Weight 2 2 4 3 2 2 1

The table below lists the states of the traits.

NERIIE T RHEHIIRES -

Trait 5521 Statefffs 0 Statefffs 1

| (pigmentfzz) anthocyanin L5 % betalainfff3z4[ 2
I (druses&5% ) absent present

Il (raphides$f &) absent present

IV (pollen grains{E#Hir ) BRI FERLIRZR

— AN
V (corolla fusion{Eid &) petals free (G4 Hf petals conégatmﬁ[& =

VI ( perianth whorls{E # i

) 1 2 or more
VII (leaf arrangementi& alternate or;osetteﬁ_&,_& oppositelsf4:
52D Hig A

Question 5: Based on the traits in the table above and their weights, draw the
maximum parsimonious tree and calculate its score in the answer sheet.

Question 5 © i ERPHIR U HIEE - EERETEUE AU FHER
e

Note: Placement of apomorphies on the tree is not necessary and no point is
considered for that.

AR BHRE BB BN R OEY - SIAEEL -
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Viewing exam as superuser/admin

Student Code:

ANSWER SHEET - PLANT SYSTEMATICS, ANATOMY &
PHYSIOLOGY

Please check your student code in the box on the title page.

AR IR HIRE T &5 GRS A ACHS -

Use answer sheet, which is provided separately to answer all questions.

{58 FH B M R (LAY B R AR BB A R -

The answers written in the question paper will not be evaluated.

RESE ENERAESET -

In order to use the flags (the signs on your desk) just put them in the flag stand located
on the left wall of your desk.

Ry 7 ERTBRE (R EAEESE)  HFBRREMTBE R T/t ERVEER BRI -

Please ensure that all the materials and equipments are available to you. If anything is
missing, put your yellow flag in the flag stand no later that 5 minutes after the beginning
of the exam. (Any complaints after 5 minutes will not be accepted)

A MECR I E] ARE P A MR RIER S - WIRERERINE - SHIE55b1G145 0 # PR =ik
JRAEEZR | o (S8R E A g i)

In case of emergencies or questions put your yellow flag in the flag stand.
AR REHE - FHR SRR R L -

No additional materials will be provided in any case of material loss during experiments.

FEERARET > (TEMRHRAE A S At AR -

Please be careful to follow the safety instructions while using materials on this task as
is noted through protocol.

1 IR R 0ERER - AEE A LB HRPRIG » S5 BT E i -

We suggest you to read the entire protocol before starting the experiments which helps
you with time management.
MR CAE R E B RIRE R R E P B - DI B OB TS R EH -

Stop answering and put down your pen immediately at the end of exam. Put the entire
protocol with the answer sheet in the envelope. Our assistants will collect the envelopes.
FES B EE R » S B (REB AR NS - AR (ERR D BRI E (S R T - FMHYBh
FRIBE(SES -

LRy
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FERHEE ERVEB s BRIz - 5 N EH ORI -

Question 1.

Table 1. 0.5 points for determination of pigment type in each sample, 2 points for
each Rf and 0.35 points for correct measurement of Rf of each band, based on the
answer sheet 2.). (26 points)

Table 1. F{EfL AR EEHAE0.55) » BERME 257 HRIZ

F0.359r (VNECESIRMML) -

oS
HES

[k 2 Z B RIRME ST

Rf1 Anthocyanins | Betalians
Plant extract (The highest) Rf2 Rf3 e HitE4 2
PA —===== —=====
PB
PC —===== —=====
PD —=====
PE
Question 2: Table 1(25 points)
Volume of .
solution 2 for (mg/L of Nitrate
Ca) content
CaCOs (correct (mglL) pH
. measurement (0.25 Leaf
Soil to two U
(two . points | ===== extract
washout decimal) decimals) (1_.5 for
(mL) _(0.5 points each)
(2.5 points for points for for
’ each) each) each)
S1 ===== L1
S2 —==== L2
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S3 —==== L3
sS4 —==== L4
S5 —==== L5

Question 2: Table 2

According to results, indicate which soil washout-leaf extract pair (1-5) is related to a

halophytic plant and which is related to a carnivorous plant with a tick “v”. (2 points for
each column). (4 points)

fRIZEESR - f5 e IR - SRR E (1-5) BEEAEYIARE - vk —(E 5
BEEYIAR > LUVIEDR o (B 257 5 $£457)

Soil washout and leaf extract Carnivorous Halophyte
IR K EARHUK REEY) HEAtEY)
1
2
3
4
5

Question 3: Table 1
Indicate photosynthetic type of each plant with a “v”. (1.5 points for each row)(7.5
points)

fRHEEEYFDEEEREAL - AV R « (851 1.5 77 » 3£7.557)

Photosynthetic type & 1F /A4

Plants C3 C4 CAM

D

E
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Question 4:

Table1: Indicate the presence or absence of each crystal form in plants A-E with “v” and
“x” respectively. (for each row, 3.5 points completely correct and 1.75 points if there is
one incorrect box. 0 points is considered if there are more than one incorrect boxes.).
(17.5 points)

Table 1 : 735" and “x"FRIEYIA-E TGS S I FAEEATFAE - (BY2¥1{53.5
7y EESE—E - AIEA.750)  EESEMELL E - AIF5057) (£1.7553) -

Crystal types
(in figure 4) 1 2 3 4

Plants

Question 4:

Table 2: Based on results obtained from tasks 2, 3 and 4 identify which soil (S1-S5)
belongs to which plant (A-E) and fill the Table 2. (8 points)

Table 2 : fR{Etasks 2, 3 and 4 #y&ES - HETEHE 3% (S1-S5) RAUFEEY) (A-E) HIHE
i > JGEE A Table 2 Ht - (847)

plant Soil

A

D S3

Question 5: Based on traits in the table above and their weights, draw the maximum
parsimonious tree (tree with least score) and calculate its score.
Question 5 : Mgkl TR T - MEUR ARSI BT X (score) -
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Note: Replacement of apomorphies on the tree is not necessary and no point is
considered for that. ( (8 points for clustering and 4 points for calculating the
score)(12 points).

SI;%;  EAAHRE_ ERVRTEREIE N - RE R o (BREF LRSS  stRERBUS4T 0
12573) -

I Score
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