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Dear Participants,

In this test, you have been given the following 2 tasks:

Task I: Plant anatomy (60 points)

Task 1lI: Plant physiology and genetics (40 points)

Check your Student Code on the Answer Sheet and Template paper before starting the
test.

Write down your results and answers in the Answer Sheet. Answers written in the Question
Paper will not be evaluated.

Make sure that you have received all the materials listed for each task. If any of the listed items is
missing,

Ensure that you organize the sequence of your tasks efficiently.

Stop answering immediately after the end bell rings.

After test, enclose the Answer sheets, Question paper, Data printout, and the Template paper
(without slides) in the provided envelop. Our lab assistant will collect it promptly.

No paper or materials should be taken out of the laboratory.
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Good Luck!!
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Task | (60 points)

Plant Anatomy ﬁﬁ#’dﬁﬂfﬁﬂ

Equipments: Quantity
Slides (in carrier box) 20
Cover slips (in carrier box) 30
Compound microscope (with 4X, 10X, and 40X objective lenses)
Ocular micrometer (installed within the lens)

Single sided razor blade (in carrier box)

Petri dish (in carrier box)

Forceps (in carrier box)
Marker pen

Kimwipes

Paper towel

Waste basket
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Materials:

1.

Double distilled water (labeled as “ddH20" in carrier box)
ZOVEAEE (T S gl BR4ddH207)

1 N hydrochloric acid (HCI) (in carrier box)
1 N (&L (HCI)

Transparent nail polish (in carrier box)
AP0 S A

Section slides X, Y, and Z of the root of plant K in slide box K
T AL KEITE AR K AR AR XY, and Z

Four-compartment plastic petri dish
(Containing tissue samples from plants V, W, M, N, P, Q, R, S
in each compartment)

PHEEERED G HISCRIRT VW, ML N, P QR S R )

Template paper (with student code) for placing the slides
with sections you made and for documenting
AR 0 AR P 1 e s 0, 2 B s

Quantity
20 mL/vial

5-10 mL/vial

1 vial

1 slide each

2 petri dishes

1 sheet
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Part A: Structure of Plant Root (1 0 points total)

Introduction :

Figure 1 The structure of a typical plant root tip
qrE] El%ﬁ?%f{q;%iﬁ

There are three slides (X, Y, and Z) that are the transverse sections (located within the circular
label on the slides) from different regions of the root of plant K. You need to determine whether
plant K is monocot or dicot to answer questions later. Observe these sections under microscope
and answer the following questions.

X, Y, and Z = {94 fgi A twﬁﬁ‘#; K?F‘i% p= e j [ T e l/;frf‘J JP[( IR BT e
) o R T AR KR B e Ji B @Wlﬂﬂ*ﬁ I [p‘ﬁfﬂﬁk
ke

01.A1. ( 2 pointeach, 6 points total)

Section X, Y, and Z each corresponds to which part of the root depicted in Figure 1. Check [X]
the correct answers on the answer sheet.

X, Y, and Z = {5 STl I—“ﬁjq?.ﬂ 1 B Fuff‘iﬁpﬂ[i_ (li o ki ‘?% P 3 ‘—ﬁgt /“F‘Hl
fEa. X

0.1.A.2. (single answer, 4 points)

What is the direction of maturation of primary xylem in the root (tissues mature earlier - tissues
mature later)? Check [X] the correct answers on the answer sheet.

P IRE A ﬁ%{ PURS S [P R IT 2 CJR DAY BRI RS > Jsy A ) % ri FAk !
S Al X
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Part B: Structure of Plant Stem (6 points total )

Introduction :

Carefully prepare transverse sections of proper thickness from the stem segments of plants V and
W and place them on separate slides. Add a drop of water onto the sections and cover with cover
slips. Observe under the microscope, and answer the following questions. You need to determine
whether plants V and W are monocot or dicot to answer questions later. When you finish this
part, place your slides with the sections on the template paper, and the lab
assistant will mark with stamp in the boxes with slides.

STV R WFWE‘I“’“'ﬁﬁﬁ”ﬁ‘@*ﬁ”?' B IRIRVERAS, o = T b
HH R BRI AT PRI - PO SRR VO WRLE ﬁﬁ&%” 3
Ef’ff‘\‘a‘a’?‘ﬂ#ﬁu ’}H” §J|‘EEJ AT AL W S A ﬁjﬂﬁ?% L TR

G s

0.1.B. (3 points for each plant, points are given when all correct answers are selected; 6

points total) (EFEHEPI 3 55 » Z:‘%T‘]';Tx;ﬁﬁ )

What are the distribution patterns of vascular bundles in the stems of plant VV and W? Check [X]
the correct answers on the answer sheet

AV AN [P E*‘jq B2 ﬂ FRipe 2 % bE &0 l—ﬁ’g[ SIS X



IBO - 2011

TAIWAN

PRACTICAL TEST 4

PLANT ANATOMY, PHYSIOLOGY, AND GENETICS

Part C: Structure of Plant Leaf (14 points total )

Introduction :

First determine the upper and lower epidermis of the leaves of plants M and N. Answer the
following questions. You need to determine whether plants M and N are monocot or dicot to
answer questions later. When you finish this part, place your slides with the sections on the
template paper, and the lab assistant will mark with stamp in the boxes with

slides.

S RARET M BN R 0 PR R RO IR - SO AR MO
N LTS8 5 S B - s IS S B AR A i SRS R

BAGERS  FIhE T AT P R

R

U
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0.1.C.1 (8 points)

Observation of stomata of plant M: B4 M fus™

Prepare the upper and lower epidermis strips of the leaves, either by peeling them off with bare
hands or by scraping off the undesired parts and leaving only the epidermis. Place these
epidermal tissues on separate slides, with the epidermal side facing upward. Add a drop of water
on each tissue sample and cover with cover slip. Observe under the microscope and use the
ocular micrometer for measurements. One smallest unit of scale length of the micrometer is
approximately 30 um when observing under 4X objective lens. Answer the following questions in
the answer sheet.
B {Em A BN RS A fﬁcﬁ‘,l‘}@jég}?ﬁ F{”rﬁﬁlfjiw ) ﬁ&“ rES F 3=F;IFI Jiﬁ L “Ff
w Fﬁ%’ﬁ@?&@z LN RALSTIE T [ﬁ | = ?‘*’I}H%FLP@F = r;j e jj‘,j—%_i&
H 'fieﬁf%’%* SR TR PRI D RIS TR XA TR 30 pm
i AR I TR
(@) Measurement of stomatal size on upper epidermis:
NS N ST )
i) Under the 40X objective lens, what is the length of each smallest scale unit of the
ocular micrometer? (1 point)
ik AOX P o TR ﬁ“ﬁf‘ EL 2 um
i) Measure the lengths of 3 guard cells, then average their lengths. (3 points)
BN 3 ft il A = > T S
(b) Measurement of stomatal density on lower epidermis:
B A AP
i) Under 40X objective lens , what is the approximate area of the field of view ? (1
point)
i AOX Pl o IEETN AT AR A RS
i) Observe 3 fields of view, and calculate the number of stomata in each. Then work
out the average stomatal density. (3 points)

B3 3 Minp B 5 R [ B pr e g 1o SR BT S5
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0.1.C.2 (6 points, points are given when all correct answers are selected) ( 6 57 » = i

Observation of leaf tissue of plant N:

fP N s A 5 !

Use the provided transparent nail polish to paint the upper and lower epidermis of leaves. When
the nail polish has dried, carefully peel off the layers and place on separate slides, with the
epidermal side facing upward. Add a drop of water on each sample, cover with cover slips. Use
the appropriate objective lens to observe. Determine the stomatal distribution of the upper and
lower epidermis, and deduce the habitat of plant N. Check [X] the correct answers on the answer
sheet.

AR T R o B gl R e Sz o S S P EEHISL > ST
e A o SRS S R SR, - SRR i
o HEE RN RATORT ) o 2 HEAEP N [0 SRS T SRR A
fEa. X
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Part D : Monocot or Dicot of Plants (5 points)

0.1.D (1 point each, 5 points total)

Determine whether plants K, V, W, M, and N are monocot or dicot. Check [X] the correct

answers on the answer sheet.
AR K, VW, M, and N 3 BJESET 805 S5 BT o R o i 5K

10
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Part E: Calcium Crystals in Plant Cells (20 points)

3

PR R

Introduction :

Some plants have idioblasts that can form polygonal calcium oxalate crystals or calcium
carbonate crystals. Use the four plant materials (P, Q, R, S), carefully prepare transverse sections
of appropriate thickness with a clean razor blade, and place the sections on separate slides. Add a
drop of water on each section, and cover with cover slips. Observe under the microscope and
check for the presence of crystals. If the crystals are present, locate the region of crystal
distribution in the tissue (most crystals present in or absent from the cells of vascular bundles),
carefully open the cover slip, remove the excess water around the sections, and add a few drops
of HCI. Add cover slips again and observe the samples under the microscope and deduce the
types of crystals that are present. When you finish this part, place your slides with sections on
the template paper, and the lab assistant will mark with stamp in the boxes with
slides.

G EAREPISE Y R TR | I&%‘?S\?FFF‘ ML ’ﬁ“' ParEAETI(P, Q, R, S)pYAT
0= AR | Fi R E u;{fj TSI 5] HU}F[E/\T [FIBRZHA, b o o gy e 2 BRI, - R
i i, ﬁ$i7 5k A FE *[Jﬁ’mﬁg Ex s LR (J\f 73 mEF.FF, b T
FERERTNAT 1) > 206 f‘ff %9&” BRI B S ERpuf T > IIRRRPVERTR - Bl
2T, T B W 0 ) 8 g:Ff u;';FHm ’5, 5, i»,;g[#ﬁj} ,}qéjffa\»gglfgm?ﬁ@ﬂx
A R AR B [ R PR

0.1.E (6 points for each plant with the presence of crystals, points are given when all

correct answers are selected ; 2 points for the plant with the absence of crystals; 20 points

total) (Ff— ZEEARGEOREYY 6 57 » 2 B Fags) (R EARGREOREY 257 F H2 053)

According to your observation, fill in the corresponding letters in the table in the answer sheet.
Plants: P, Q, R, S
Location of crystals: A (most crystals present in cells of vascular bundles)

B (crystals absent from the cells of vascular bundles)
Crystal type: C (polygonal calcium oxalate crystal) ; D (calcium carbonate crystal)
P VS o T A;;t AL J%k?ﬁ‘ FlsE 7 SEpspv v 4n)
MY P Q,R,S
ﬁ:FFF[ *E[’ A(J\% AT mﬁf ri1 EIE}EJHI)

B (Rt i ] w‘“ ?g,&[)

mﬁFFﬂl FE] © C (27 ’TJJ%\EZFF#[) D (WRP& A Fﬁg,)

11
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Documentation

When you finish all the parts (Ato E) of Task I, double check whether you have collected all the
stamps for this Task. If not, and the lab assistant will check your template sheet.
(0.5 point for each slide present, 5 points total).

E{[’fﬁ(%ﬁ;ﬁ};b4 ?2[ 73 ’fjg"’rf EEIE I(AtO E) ) %Ij: Fpg{r? f\_r\[i‘ j} =i _{%[ 71 mf,lﬁ%l ’ jﬁl[gl ’ %
iR AR L A k] frﬂr. (D FAA 0 - 555> #5573

12
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Task 11 (40 points)
57 #0153 (40 53)
Plant Physiology and Genetics
MY RIS IE S

Shared Equipment

H 2B
ELISA reader
ELISA A5
Equipments:
RN
1. Micropipettes P200 and P1000
P200 * P1000 %%P&E}T
2. Micropipettes tips for P200 and P1000
P200 * P1000 %%P&E‘H\
3. 96-well microplate
96 kRl [ R
4. 1.5 mL microcentrifuge tubes
(for preparation of standard solutions, use those labeled 0 puM, 25 pM
50 uM, 100 uM, 200 uM, 400 uM )
15 T BEIEE Y
(PR TR > fUR]=1ES 0 uM, 25uM, S0uM, 100uM,
200pM, 400uM fIVEE S i)
5. 80-well microcentrifuge tube rack / 4-way test tube rack
80 VA EIBES fET’éfE /4 E[%Eﬁ#ﬁ
6. \Vortex mixer
7. Marker pen
[ 2T

13

Quantity
BrEl

1 each

Fﬁ 13

1 box each
1

12 (6 extra
unlabeled)
126 ¥ ffFJ
E'J%T‘fr;%!?a)

1 each
AL
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Materials:

BREATE]

1.  Phosphate detection solution (labeled as “Solution A”)
L [R5 13 Solution A)

2. 400 pM KH2PO4 solution (labeled as “Solution B”)
400uM KH,PO4 iﬁ‘]fﬁ(fr%?r%[% Solution B)

3. Double distilled water (labeled as “ddH,0")
= OVAER(E S ddH20)

4. 6 samples to be tested

(allotted in microcentrifuge tubes, labeled as sample
#1, #2, #3, #4, #5, & #6)
6 ff I
¢ Wﬁ%f‘%@\ﬁﬁll  fE B sample #1, #2 #3, #4, #5 F[1 #6)

14

Quantity
7 E‘

10 mL/tube
10 =] /*ET’
10 mL/tube
10 =] /*ET’
50 mL/vial
50 Z+| /¥
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Introduction:
e ;’?;?JF[ :

Phosphate is an important plant nutrient that constitutes substances such as cell membranes,
nucleic acids, and energy compounds like ATP. When lacking phosphates, plants’ growth and
development can be dramatically affected. Plants can sense changes in phosphate concentration
in the environment and accordingly regulate their gene expressions, changing the activity of
phosphate transport proteins on the cell membranes to maintain the homeostasis of phosphate
concentration within. Using the model plant Arabidopsis, scientists discovered that root cells
respond to phosphate-sufficient (Pi-sufficient; e.g. 1mM) or phosphate-deficient (Pi-deficient; e.g.
10uM) condition as depicted below in Figures 2 and 3, respectively:

@’-}[@ﬁlﬂ?ﬁﬁ#’ag ]E;[;«gzb Iy — zlrﬁ.:w;iy Eiqu}qgl W@‘cﬂ' BT (U ATP) o ?[ﬁl?’”%}f{
RAR > 1% AR SIS P AR LR O Tt
ﬁlﬁiﬁﬁl PHAYATR > & Hclﬁgﬂqgiququu—gﬁ@gﬁkﬁj_ FIp Jifl[j: , Lli’ﬂ:‘}éjt@i’ﬂﬁﬁ‘[ @z&ggg
P PVTE L o RIEPAT R (SR ko S PASGIIR  EPAL  HE (Pi-sufficient; {71
i 1mM)ﬁ9E§éE£Z§l%3{;7E%ﬁ(Pi—deficient; g 1OuM)EIfJF%HZt"9’JT,%} I3[ Figure 2 A1 Figure 3
= -

Figure 2 Figure 3

1 mM Pi 10 uM Pi

f-%"\ plasma membrane plasma membrane
/;tuplasm kr;« \ /  cytoplasm /\ y

v R

Pi-sufficient Pi-deficient

15
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When Arabidopsis is in Pi-sufficient condition (Figure 2), the protein Z negatively regulates
the level of the protein T on plasma membrane, which is responsible for the transport of
phosphate into the cell, to avoid excessive phosphate absorption that leads to toxicity. On the
other hand, when plant is in Pi-deficient condition (Figure 3), the transcription factor X will
enhance the expression of gene Y and thus increase the level of protein Y. Protein Y can
promote the degradation of protein Z, leading to the increase of protein T level, and consequently
a higher absorption of phosphate. In general, the phosphate level in the shoot of a plant is
proportional to the uptake efficiency of phosphate in the root.

?”[ﬁﬁ’}?’v I'EI_” TR Hﬁﬁ Pi-sufficient (Figure 2) > Z ‘gg’-flﬁ El [F[J]?‘.ﬁ‘@ﬁ% BETLEL
PRSI 9 T Gy 0+ MR PSRRI I - S i
@’i@&ﬁl%/ Eﬁ Pi-deficient (Figure 3) » EIEE A= X %’ﬂﬁiﬁﬁl[ﬂ Y PURT Y S IR P BT
e Y ‘gg-f’lﬁ: (R Z SF PR > T Sep (AT iﬁﬁ?‘ﬁlﬁ,ﬁﬁ%ﬁ@ﬂp@ I ¥k o — 4
U7+ PR AT R & B E R L st T

The phosphate level in plants will be considerably affected when the expression of genes
encoding T, X, Y, and Z is perturbed by mutation or transgene. Therefore, plant biologists can
utilize such mutant or transgenic plants to determine the role and relationship of these genes in
the regulatory mechanism of phosphate homeostasis.

JIPHISPIT, X, Y, 712 S (104110 AHEI ISR 32 % S50
* @@&ﬁlgu A[E}FA O E[PHEHURYZE o [K > ﬁg Prse s el A= ﬁ&?@?ﬂﬁiﬁgﬁm%d P
—‘]‘,\Hﬂ—“—a«tﬁﬁﬁl&g 5 L;f;&ﬁr”p VEL PR R A P F”rjdll o

There are 6 samples in microcentrifuge tubes, which are extracts from the shoots of five
Arabidopsis lines (A to E) grown under either Pi-sufficient (1 mM) or Pi-deficient (10 pM)
condition (as listed in Table 1). Arabidopsis A is wild type and B to E are either knockout (KO;
null mutant with complete loss of function of the gene) mutant line or over-expression line
corresponding to gene T, X, Y, or Z. You will be measuring the phosphate level in each sample
and determine the identities of the samples based on the principles shown in Fig. 2 and 3. Each
sample is derived from 20 seedlings of fresh weight shown in Table 1 and brought to final volume
of 10 mL with ddH,O .

5 {7 [ﬁjfﬁlllégﬁ[ﬁﬁ’}fj [’El“ﬁ (A-E) » STl =A% Pi-sufficient (1 mM)gY Pi-deficient (10 pM)
3™ (91 Table 1 ) » 5l £ {FTfe ARLC-HIR> B ~ B RLEH) ERLNRIFR POk (T, X,
Y, i Z> ﬁlﬁdﬁrﬁ:%? @g%)ﬁ?ﬂ_ﬁ ﬂ%ii%l’qfﬁ ERLNT XY, 75 Z) *Ll»‘ff'ﬂﬁfjf‘ﬁfiﬁ[ﬁjrw',q’a
ﬁ;’jﬁ#[j} [H[Jfg['ii:” 6 f[ﬁ%%%ﬁ%@\ﬁfll ﬂ}{ﬁﬁ'u%% ‘jfri-‘,iﬁ,H Wﬁl&ﬁlgug » 7 (MBCFig.2 FlIFig.3 Fir
7 SR T‘é’é“’l’?ﬁﬁ?HUﬂ’E‘ﬁW?TFfﬁELW&T@*FE‘Fl&IHEI%%' - BT 20 i
F'[ » EUSREEET 5T WI[9(IFT Table 1 (1 FFI! 15=I5] ddH,0 %@ﬁ’ﬁg%% 10 = -

16
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Table 1
Sample Plant [Pi]in Fresh weight of
medium seedlings (mg)
No. AL | PR
Pt o
1 A 1mM 404
2 A 10 uM 17.3
3 B 1mM 28.0
4 C 1mM 39.2
5 D 1mM 30.6
6 E 1mM 33.8

Use the provided equipments and solutions to measure the phosphate concentration in each
sample according to the experimental procedures.

FTREr R TR ™ R s DAV R SR PR RS -

17
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Experimental Procedures:

TR

1. Use the 400 pM KHyPO4 solution (Solution B), ddH.O, and pre-labeled 1.5 mL
microcentrifuge tubes to prepare the following concentrations of phosphate solutions for
standard curve: 0, 25, 50, 100, 200, 400 uM. Use vortex mixer to mix solutions thoroughly.
For each concentration, there should be at least 0.5 mL. Use the P200 micropipette with fresh
tips to transfer 0.1 mL of each standard solution into the 96-well microplate at specified
positions (as in Figure 4, make 2 replicates for each standard).
51400 uM KH2PO4 i?f‘]f&(Solution B), ddH,O A I=14& i 1.5 mL fif &l EE o Ay, “ﬁéﬁﬁﬁ gl
g ;I/@E@giﬁir& » B I SegAEEE S AISSL: 0, 25, 50, 100, 200, 400 uM © 2| Efi #8755
L R - EREEE YRS DRIE) 05 mL - {17 P200 BRI BT L
73 [I#v 0.1 mL Eifﬂr%i%i%@iﬁi?& » [Ifi Figure 4 Hrfg (ﬁ%i%i%@iﬁi&fgfﬁé?ﬁ?) el
FEVENLE VR 96 71 < -

Figure 4 Positions of standards and samples in 96-well microplate

Standards Samples Standards

A 0 #1 | #1 0

B 25 #2 | #2 25

C 50 #3 | #3 50

D 100 #4 | #4 100

E 200 #5 | #5 200

F 400 #6 | #6 400

G

H

1 2 3 4 5 6 7 8 9 10 11 12

2. Transfer 0.1 mL of each sample into the 96-well microplate at specified positions (as in
Figure 4, make 2 replicates for each sample).
fzfiﬁﬁ Figure 4 F{’?#F’ﬁ » ST HIIETFEFV 0.1 mL Eifjﬁ 7‘#' ’ fg['ii? 96 +“fEEl [ <R o

3. Add 0.1 mL of the phosphate detection solution (Solution A) into the wells that contain the
standards and the samples. Mix by gently tapping the side of the plate.
L SR T BRI BT S 01 mL L T
ifk(Solution A) - #EE AR [ O BRIBAR] JIELALY ©

4. after you finish Step 3, and wait for lab assistants to guide and help you with
measuring the absorbance of the reaction mixtures with ELISA reader at 820 nm.

Bk RS & R SRR S AR 7] ELISA S B
R P 820 nm fIUpEeL o

18
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5. The lab assistant will print out the data for you. Put your student code sticker on the
print-out.
B IR R S IR FORBRIT T B -

6. Answer the foIIowmg questions:

i1

Q.2.1. (18 points total)

Q.2.1. (# 18 57)

Calculate the mean values of the absorbance for each sample and standard. Use the graph paper
on the answer sheet to plot a standard curve. (0.5 point for each standard point correctly
plotted)

73 BIRT R iy M AR T S fﬁl“ FRE Dpu A AR AR - (5 f e
FUERYEIRE R 0.5 57)

Determine the phosphate concentrations of the samples in uM and the nmol phosphate per mg of

seedling fresh weight for sample # 1 to # 6. Fill in your results in the table of answer sheet. (2
points for each phosphate concentration measured, 0.5 point for each hmol/mg of phosphate
calculated)

BB #1 - 46 OGRILRE (1] uM AT )AIE I R IR £ 5O
nmole/mg .73.) « AR e A E HvAR - (] wmua@ B2 5 > 5 R
_—fj,gl nmole/mg & 0.5 73

19
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0Q.2.2. (Multiple answers, 4 points. Points given when all correct answers are selected)
Q.2.2.(Hi3¥FE » 4 55 > Eﬁ?[ FRHITGETY H5T)
For each of the following statements determine whether they are true or false explanations for
those plants having higher phosphate content (nmol/mg) than the wild type. Check [X] the correct
answers on the answer sheet.
AP H g 5L ﬁ%i (nmole/mg) F—“—}ﬁ”tﬂjfgf e ﬁ%?ﬂ’#&ﬂ ]J‘< sl rPE(true)p&%‘Ft
i (false) iR » 2] [X] 7 FAT:;t % ?Fﬂq e FE BR o
(A) X cannot be activated in the plant thus Ieadlng to an increase in phosphate uptake.
X FITE Lﬁfﬁ#’uﬂq\ﬁ:mgﬁ (™ SRR L PSR o
(B) Loss-of- function of Gene Y in the plant causing an increase in phosphate uptake.
Y BT PR p R A jrﬁ‘: ) iﬁ@@é@gpﬁﬂ&ﬁbt@ﬁp o
(C) Loss-of-function of Gene Z in the plant causing an increase in phosphate uptake.
Z FLPNTE PR R S VRS S S R RS TsT -

(D) The plant harbors a transgene that over-expressed gene Y, causing the loss of inhibition

of protein T, leading to higher activity in phosphate uptake.
AP - GEELP RN ALY LN i T s ] R R e
Pt )

(E) Protein T of the plant has a defect, and it is unable to transport phosphate efficiently.
WP T B 1 iR PSR -

(F) The transcription factor X of the plant has a mutation, and is incapable to bind the
promoter of gene Y.

PP XE A PR E Y FLNPTE

0Q.2.3. (2.5 points each, 10 points total)

Q.2.3. (= 2.5 57 » H 10 73)

According to the results from the experiment, assign the corresponding plant (B, C, D, or E) to
the correct description on the answer sheet.

FUSIIRTHIREN  J B, C, D, J EIPUIHII 1% 58 Hpo s T ssat -
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Q.2.4. (Single answer, 4 points)
Q.2.4. (BZERE - 4 7))
If wild type plant (W), gene X knockout mutant (X), and gene Y knockout mutant (Y) were all
grown in the same Pi-deficient condition, what would be the phosphate level in their shoots (rank
from the lowest to highest)? Check [X] the correct answer on the answer sheet.
P T M TIRAPIOW) » XSLERSRI SR (X) AT Y LR B R CY) A e il
7 (Pi-deficient) [ ™ > & {PEy HIIORHEEL A BIPVREER . (FSEI@EEID 2 21 X
i ERE R IR -

(A)X<W<Y

B)Y<W<X

(COOW<X<Y

D)W <Y <X

(E)X<Y<W

(F)Y<X<W

Q.2.5. (Single answer, 4 points)

Q.2.5. (HI:ERH - 4 7))

Western blot is a technique to detect specific protein level with the use of antibody. Which of the
following would be the most likely result of the Western blot analysis of protein Y and Z from the
total protein extract of samples # 1 and # 2? Check [X] the correct answer on the answer sheet.

P BT RL AP AR (TR <y VT (B R T B ST PR #1 A 2

S VP Y ST Z S R RREORER BT 2 0] DX R RS R
s
(A) (B) (€ (D) (E)
Sample #1 #2 #1 #2 #1 #2 #1 #2 #1 #2
Y Il — N m— .
/Il —Inm =Enm— —— BN =l —
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