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Dear Participants, =84

F9| A,

® In this test, you have been given the following 2 tasks:
Task I: Plant anatomy (60 points)
Task II: Plant physiology and genetics (40 points)

[o] 4&=2 2 7119 BN|E
- IFH 1 A

=1
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=ZatetL Ct.
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® Check your Student Code on the Answer Sheet and Template paper before starting the

test.
[dels Al%str| "o

A E(Student Code)S

EotX|et Template paper(£2I0|EE 22 51 ATl HE F0|)0 &4

2 ols

=} QISHA| 2 ]

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

(EeEXI0| Zatet Ee HoAl2 EXXO M2 @2 s st

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

missinglift the sign|

[Zt Ao LEE RE MRS BASK SRASHA| 2. Trof Wl Z40] A2M “HAE(Sign)"=

=0 Alg g=2o|A

LA 2]

® Ensure that you organize the sequence of your tasks efficiently.

(2ol =ME 28822 =F57| HHELILH]

®  Stop answering immediately after the end bell rings.

[E50| 228 et HdE FAl STH7| HHELCH

®  After test, enclose the Answer sheets, Question paper, Data printout, and the Template paper
without slide in the provided envelop. Our lab assistant will collect it promptly.
Al™HE OrF = ©okX|, 2H|X|, Data Z2EX|Q} &£2l0|=E XH|2|$t Template paper(&£2t0|EE

28 T& JONE FOU SR E2dA 2 =u7t =AY AYLILH

S - O

® No paper or materials should be taken out of the laboratory.
[ofst FO|Lt Mzete AlAE $Hez 7Y Li7tH QhEL|CH]

IL|C} Good Luck!!
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Task I (60 points) — A 1 (60 H)

ot

Plant Anatomy (&2 HE}Eh

Equipments: (Z]7)

1. Slides (in carrier box)
(EE0lEZatL - HA0 20 AF)
2. Cover slips (in carrier box)
FHHZ 2L - 20 S0 AF)
3. Compound microscope (with 4X, 10X, and 40X objective lenses)
(Ee S04 4X, 10X, X 40X 2| ChE =)
4. Ocular micrometer (installed within the lens)
(2t Oro[2=Z0|E - o|o| HM= Ljo| H=AE0 ASF)
5. Single sided razor blade (in carrier box)
(BHH SEd - 8920 50 AS)
6. Petri dish (in carrier box)
(HEZIZAl - 2201 S0 UAS)
7. Forceps (in carrier box)
(B - 220 S0 AS)
8. Marker pen (Ot7{Hl)
9. Kimwipes
(8Kl or E|F)
10. Paper towel
ol ErE)
11 Waste basket
&7l 8)

Materials (X§ &):

1. Double distilled water (labeled as “ddH20" in carrier box)
@ Xt BF S, “ddH20"2 EAIZ|O AL

2. 1 N hydrochloric acid (HCI) (in carrier box)
(AN g4k Hel - 87101 0 US

Quantity

20

30

Quantity

20 mL/vial
20 mL/&

5-10 mL/vial
5-10 mL/¥
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3. Transparent nail polish (in carrier box) 1 vial

(B8t YR - 87/0 20 US

4. Section slides X, Y, and Z of the root of plant K in slide box K 1 slide each

(E20|E8A KO S0 U= MEH Kol #2| 2H £210|E XY & 2)

5. Four-compartment plastic petri dish 2 petri dishes
(Containing tissue samples from plants V, W, M, N, P, Q, R, S
in each compartment)
@ F=ez Lol Za2tAE HEZ| FA)
(& F20it A8 VW, M N, P QRS2 =X A2t 50 UAZ

6. Template paper (with student code) for placing the slides 1 sheet
with sections you made and for documenting
[ZAt BHE HEHEZ2 28 51 7822 AT B2 I AHESHE Template

paper (3}’ ZE AEIFHE 2Y))
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Part A: Structure of Plant Root (10 points total)
PartA: & RE|e] X (T 10 H)

Introduction : (AM2)

Figure 1. The structure of a typical plant root tip (A& 1. =29 HEZEQI sig| o] LX)

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.

ME K HE22 MZ CHE R9E (220|E o0 Je=z HAlE ¢t & & ?
HChoh 3 ol 220|lE X, ¥ & Z7F bt L& 4= X0 B = JAER
A

122X £ Y% MEUXE =AMt} 0|5 2H S2i0|ES

Q1.A.1. (2 point each, 6 points total) (Zt 2™ & 6 H)

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.

XYz BEH2 212 O 100 BAIE £212 oCIof sHEdt=7t?
HOHXON 82 HE [XIZ2 HAISIE)

Q.1.A.2. (single answer, 4 points) (CHEH0| stLQl 4 ®)

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.
HE[OAM 1 7] SRS d SHET|0 =55t =E > LIS dxdte )2 o{EA

=71 XM 22 O X2 EAlSI2

0
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Part B: Structure of Plant Stem (6 points total )
PartB: ME 7|2 += (F 6 %)

Introduction (M 2):

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 plant 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. Lift the sign and the
lab assistant will mark with stamp in the boxes with slides.

ME vetwel =718 B FHzE =d28A gdEtCt22 Ztheta 27| g S2t0| 20
=8 sotzl. 2H 20 & o WES Bojxe|d HHSE0|E2 Herh d0jgdoz BHS HET

=
of Estet L& Les 20 B = JAEE AE vel W HEQUAMIOIX] Es

O A2 & Ot og{20| THE Z£2t0|EE Template paper(E2t0|EE 28 5= 30)0 =29
Sorz2h BEX|EES 22 S0zt A" ZwIt @EH £210|E7t s o] AMZE ol F ZAOo|LC}

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

points total )
Q.1.B.(ZH M2 ¢t 3™, BE Tlo| Tojof M4E . 87 6 F)

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.

AE Ve WO E7|0|M ohol 22 42 O{EA E=717 XM &2 Ol X2
HA|SI2}
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Part C: Structure of Plant Leaf (14 points total )
PartC: A& A°| X (T 14 H)

Introduction (M 2) :

First determine the upper and lower epidermis of the leaves of plants M and N. Answer the
following questions. You need to determine whether plant M and N are monocot or dicot to
answer questions later. Lift the sign and the lab assistant will mark with stamp in the boxes
with slides.

When you finish this part, place your slides with the sections on the template paper.
A A2 MIF N 2o QED|(upper epidermis)@t OF2f EI|(lower epidermis)S X AFSHE}.
ofziel =20 Edteh LS| Lies Mo HE = AEF AE M NO| ¥EY MEQX| E=
NE=No]|

2IX|E Z=AbStat.

n

M HMEO| 2=l £2l0|EE Template paper(E20|EE 22 =& Z0)0| 25
2 2

Te
B Sojal. A8 =m7} 9 2210|271 Y= ZHo|

0Q.1.C.1 (8 points)
AlE MOl 7|Z BE (Observation of stomata of plant M:

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.

do| EI|E £0= M|} E& EIBIS WX £1 URQs SIS Medz 2of Lo Yo
o mulet ofzf EIE Fh|sie} o EIZE 22 mUHS 9= oA 30 Mz o2
2otol= 9o 22 Soteh 2t XX A|R0| 2 B $2S Hojma|n Hu{ZejAE Hojet
SojZoz BEsD 20| L Hot UjO|AR0|EE ABSaL 4Hj4x) B8Ol e A=z A
s o FOt ofo|A=OjE o] A K £29| 3 EH9lE oF 30 um (Ot0|3Z0[EOICE Cto MBS

HerX|of Edtat
(a) Measurement of stomatal size on upper epidermis:
i) Under the 40X objective lens, what is the length of each smallest scale unit of the
ocular micrometer? (1 point)
i) Measure the lengths of 3 guard cells, then average their lengths. (3 points)

7
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(@) 9 EIU| (upper epidermis)0fl EXist= 7|82 37| £F.
i) 40XQ| OiE W=E AT Wf Fet Oo|A=0/He| 7t &2 =3 StLHe| 40l ¢
otRlZt? (1)

i) SHME 3742 ZO|E Yot £, 0|2 Bdgts ottt 3 &)

(b) Measurement of stomatal density on lower epidermis:
i) Under 40X objective lens , what is the approximate area of the field of view ? (1
point)
ii) Observe 3 fields of view, and calculate the number of stomata in each. Then work
out the average stomatal density. (3 points)
(b) OF2H EI|(lower epidermis)A 7|S2 Zx =,
i) 40X2| CH= #= Ofz{ofA 20|F A[OF2| Cf
i)3712| M=z CHE 90|F A|OFE &S CHS
M o2t
dgln 7|39 Bd 2= A

E
o
il
®

b

0.1.C.2 (6 points, points are given when all correct answers are selected )
Q1.C.2 (67%. = tho| Ttojof M4 FE)

Observation of leaf tissue of plant N:

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.

ME NO| QYXEE BE.
Q

Qo] 9| mIet ot HIE FHe OLIFO =2 o2l DL RO7F O23 =HAHA UROE
HE &= Y%A M2 CHE S20lE 20 BI|EO| 9|2 ¥ot=s 2o =02t = o Y22
Bojreln AHH=2tAE F4, HAESH UiE dH=z 2ESteh 9 ®ujeb ot mI|Q 7|lE =ZE
ZARSEL, ME NO| MAXIE FFotofat X0 &2 ol X122 EASHEL
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Part D: Monocot or Dicot of Plants (5 points)

PartD: QIHYMEI WHANE (57H)

0.1.D (1 point each, 5 points total) (Z 1H, & 5 %)

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

MEKVWM A NO EY ASOX WHY ASOX| ZASHOEL SEHX0M &2 ol X2
HA|BI2}
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Part E: Calcium Crystals in Plant Cells (20 points)

PartE: A& M= We| Tdxw A% (crystal) (20 H)

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. Lift the sign and the lab assistant will mark with stamp in the boxes with slides.

25 M2 CHEde sS4 o Za ZE0IL Eitds 288 898 + A= 28 ME (idioblast)
£ 7t QUCE 4 B3RS A2 ME (P QR SE AHESI0 MRet Bz HES FH=Z
LA gez ZHoiol Z2HE TS A4S S0l f[of 28 soteh 4 BHE Ao =S
o g2 BojEZ|n HHzetAz FHOojgh dibjZ22 BESH 2o EXNE st Thep 2F0|
EXotH =XHoAM 20| 2Eots RRIE X2 32 (HFEEe 282 O M=ol EX4StALE
L= EXSHA| Heth, =28 AHHZALE 1 ZHOM F2 25 MHret 2, R E=2
YLHCHE BolE=iet CHA| HHZEAE B oi0jZ2=2 ARE &SI EXsts 2H2
7= F8otet O part & OFX|H ZHO| ZetEl S2t0|EE Template paper(£20| =5 228 5=
Zooll 22| sotzt. BEX|EE 28 Sojzt Y =it 2 210|271 YU | 2RI E Fof
g Ao|ct

0Q.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 )
(B™o| EMst= ME0| OS] 2t 6 ™. RE HOo| fFoH M &S5 ZHo| Q= ME22F. 4
20 ™)

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)

10
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Documentation (10 points total)

SHMEIE 2I6l £2I0|=E& F0[0] 22 SO0F Tt AT
(A 10 H)
When you finish all the parts (A to E) of Task I, double check whether you have collected all the stamps

for this Task. | lift the sign [and the lab assistant will check your template sheet (0.5 point for each slide
present, 5 point total).

ojo

A 12| “Part AOIA E' A BE MBS 0K 2 MY MA0IM EE 5= Ue BE AMIE HEX
st O =0l st Ch2 “EA|EHSign)"2 S0 222t 4% ZWJ} Template paper £ 29I & Zo|ct (&

11
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Task 11 (40 points) IFA| 11 (40 H)
Plant Physiology and Genetics (& 2|8 % |3

Shared Equipment (&& XHH|)

ELISAreader (&2t0|Xt 2|5 7| : S&E FE7)

Equipments: (&H]) Suantity
1. Micropipettes P200 and P1000 1 each
(@ro|Z3 2= p200 S P1000)
2. Micropipettes tips for P200 and P1000 1 each
(Oto|2 213 & P200 % P1000)
3. 96-well microplate 1
[96 7 #(Al2&)0| A= OHO|A=Z20|E]
4. 1.5 mL microcentrifuge tubes (1.5mL OtO|3Z YMEZ|7| FE) 12 (6 extra
(for preparation of standard solutions, use those labeled 0 uM, 25 pM unlabeled)
50 uM, 100 uM, 200 uM, 400 uM ) 1274 -6 7=
0 uM, 25 uM 50 pM, 100 pM, 200 uM, 400 M 2 EA|=l EEE BEFEd X =0 HA|QHE
A-E3steEL ol &
5. 80-well microcentrifuge tube rack / 4-way test tube rack 1 each
(8071 FE ZO0|/4 ek Al 20])
6. Vortex mixer (Mortex 2A) 1
7. Marker pen (OF7 ) 1
Materials: ("I &) Quantity
1.  Phosphate detection solution (labeled as “Solution A”) 10 mL/tube
[CIAF HZE 2 (Solution A E HA|E)]
2. 400 pM KH2POg4 solution (labeled as “Solution B”) 10 mL/tube
[400 uMm QIAHZE BAW (Solution B2 HA|E)]
3. Double distilled water (labeled as “ddH20") 50 mL/vial

[2 X} 552 (ddH.0 2 EA|E)]
4. 6 samples to be tested (allotted in microcentrifuge tubes, labeled as sample
#1, #2, #3, #4, #5, & #6)

12
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(BAE A2 671 25 O0|AZRE0|| LF0] BN #1, #2, #3, #4, #5 S #6 O 2 HA|L|Of

n

Introduction: (M&)

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:

QA2 MZZL, SHAH T2 ATP 2F 22 OUX| tetE & o 222 ddsts 2% AlE
GLA0|CE QIfto] AEEH AFo MO ghlof Mzst gek2 wellh AE2 FH dol Qi
SEo| HolE ZX[S5HY FTX A2 ZESIY FHEE oo EXSt= Qi =& CHHEo| =Y S
HoA|7 MZ L QA SO T EE FX|IAIZICE EE ASQl Of 7| HCH(Of2HH[ S A|A)E 0|83+
eXtE2 38 2 oF 3 0f =AISHE Zdat 20| g2l M= Z&28t Qldh ZAQIX] (Pi-sufficient, 214t
S2: 0. 1mM) E= QAN AE ZZ(Pi-deficient, Q4 ZHE: o 1ouM)S ZLX|SHCHE AtAS
245 ALk

Figure 2 Fig\ Figure 3
1 mM Pi 10 uM Pi

‘("E:\" plasma membrane g plasma membrane
ﬂ;'tuplasm T’\ \ cytoplasm Ld f\
R

I
& | @2

/. /

Pi-sufficient Pi-deficient
% Plasma membrane : & &8 Cytoplasm: AZZ
Nucleus : &H; GeneY: SH™XAt Y
Pi-sufficient : 914t & Pi-deficient : QIAF AH

13
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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.
Of 7| ZTH7t Qlito] Z&2%t

o
rx
mjo
=
H
I
f

[o
4>
Of
rr
i

}.
Ry

U0 A= O (A8 2), HHE Z £ S
HOots A TE T2l &2 ANMAIA, ntciet o S4+= Qe MIZ W 540 47[= AS
UX[SHA ittt gt H=0| 24t Z2E =0 As I (AF 3), AR X = FTA vo| oS
SHAIA ZoHez B Yo &5 SUHAIZICE EHE v = HHE 79 2oiE HTAA HHE
TO ¥= S7HAZIH, O 21 Qi E47+ SHiEltt. M2 Yz X F(shoot)d| A2 2I4to)
g2 2 oM QAL F4+ 2E0| HIHSCE

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.

AME LY QMO X2 T X, Y ZE H23ol= AL ©ol0| A

J

HO|7H A0l 23]

=) OfLt
Te O Ao s etk AE2 ASStts2 o gdde =2 HFHLIBAM

ST
Ol SFAY BN 7l5S AHI| ) ol SHMO| ASH F= HAM A2HE
o|g3sict

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 uM)
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 principle 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»0 .

olato] ZE8h =AU (Pi-sufficient, TmM) &= QI4to] ZEE Z A (Pi-deficient, 10uM)0IAf Xt2t 5

|
Of7| HCHA £H E)Q XIAE (shoot)Z2 £H FEst FTE=NH

Fo| ol HAX Al 6 Ji7t Ofo|AREE
oho SOf UCHE 10) 220 Y2). Of7|ZDH AL OFMHO|D, B RE ENK|E SOL2(RHA 7|50]
SHE3| Q0TI SOIHO| AlZ) SAHO| ASKO|AL T SHA T, X, Y o Z 2 I LA
A2 H oot

24 AN22RE QMo & FHFotn I8 2 of 3 0 23t 2 A=7F ofH AKX E Z2EY

o=

14
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Zo|ct 2t A|2E207H2] Of2IA EH|(seedlings)Ol Al FESIA ST, 0|2 &E 10| HAISHA
*& 21/E 10mL 2 & ZAo|ct
Table 1
Sample Plant [Pi] in Fresh weight of
No. A= medium seedlings (mg)
Az Hz AEHEIX] W o2l A= X2
AN S oM S (mg)
1 A 1mM 40.4
2 A 10 uM 17.3
3 B 1 mM 28.0
4 C 1 mM 39.2
5 D 1 mM 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.

MEE Z17|12t 85 AHE5I0] &Y Ol mat 2 AlRe| Qi s=8 58

15
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Experimental Procedures: ¢ 1}

1. Use the 400 uM KH2POs 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).

400 pM ALHZHE(KH,PO,) %Y (Solution B), & F=(dd
OO|A2 FEE AMESIH EFE M (standard curve)2
0, 25, 50, 100, 200, 400 uM. Vortex WEI7|E 0| 23l0] 2H
A 05 mL O £|=Z 3ot p200 OtO|ZZm=iar Af =
96 /1ol H(AIE Z)2 7t%! OIO|AZEY0|EQ| FolX @IX|of] E=Ct [18 42 20|
ME CHE 279 H(AE3)0f 212 dof 2 H BRI & o).

T
e
=
a
i)
|¢I

X|El (pre-labeled) 1.5 mL
£o| 89S Oi=ofaf

= A4
SE Mo o
2 oF
— e g

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

[18 4.96 Y(AE &) OO|AZEYO|ENM EE A AR Y| £l

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).
(4 AN=z8Y 0amL S 96 & OO|A=Z20|EQ| FiE fIXIof =Lt (A 4 2F 20| 4 &
SAUT MZ CFE 2719 2o Z2t &0 2 & Bt=SEE oo

M

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.
eIk A= %(Solution A) 0.1mL & #F &Yt Az 8H0| HA A= AA=ZI)0 =0t

16
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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.
o 3 B IEE O T “EX|E(Sign)'ES &3 ZICHE|H ™ Zw7t 2FM 820nm Ol A
ELISA(ZZI0|RhE|E 7|2 gteeedel S48 F8ot=0 =2 & A0|C

5. The lab assistant will print out the data for you. Put your student code on the print-out.
A Xt O 29| data E ZEIE 3 = Z{0|Ct ERIEO| XpAMo| s I E(Student Code)
2E|IHE 02

6. Answer the following questions:

Che 220 Eotet
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0.2.1. (18 points total) (B4l 18 &)

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)
2t AN 2R BE 29|

curve)= 2izt (HI2AH O

ORA

ol

Hr
i

3= %-E’*% 74|+_F3FEP EHetx|el =2 0|83t0] BFE= M (standard
2%

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 nmol/mg of phosphate

calculated)
MNE #10M2H #67HX| 2 AR QI sZuM)t OZAEH Sl MK (mg) T 2l4&tZH (nmol)2
Zgstel (4 Mze Qi sEE FHSIH 2 H, ZF AR MMZ T oAMEF (nmol/img)2 AYYSHH

05 H)

Q.2.2. (Multiple answers, 4 points. Points given when all correct answers are selected)
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.
Q22 H+ BE,4F, 2E &= Hol H

=
=

A
0

rlo

x| &=

rir

aEX

i

OFdgELCH =2 24t Snmol/mg)E 7T A =0 tiet tt32| T=0| &
Ag5tet. g XM S22 BHE XIZ2 HEAISHAR
(A) X cannot be activated in the plant, thus leading to an increase in phosphate uptake.
(B) Loss-of- function of Gene Y in the plant causing an increase in phosphate uptake.
(C) Loss-of-function of Gene Z in this plant causing an increase in phosphate uptake.
(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.
(E) Protein T of the plant has a defect, and it is unable transport phosphate efficiently.
(F) The transcription factor X of this plant has a mutation, and is incapable to bind the
promoter of gene Y.

(A) XE O] AZHo|M Zdte|X| RSIER QA Z47t SItEICE

(B) O] MEHOM X yo| 7|5 ZAL(Loss-of function) = Qi S5 FIHE RETIC}

) O] MEMOM FHEX 22 7|5 ZL&(Loss-of function) 2 Q4 S FIHE FEUSHCL

(D) O] AEXe |REX vE ntCh Ha A7l 2™ FHXE 7HX| D A0 CHHE TO| 7|58
AMAIZ|X] Rl Qi S0 &MHE =Qlot

(E) O MEH|o CHHE T= ZEO0| U0 QM TuNo=R =& 4= girt

(F) Ol M=H2el MARHEAIXE SAHO|E 7IX|L A0 KA o Z2HHO| ZAge 5+ it
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0.2.3. (2.5 points each, 10 points total)

Q.2.3.(Z 25 H, 4 10H)

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

el 2o 25t Betx|of eest Ao siEst= A& (B,C D, ®

e
fjo

)2 D2A|Q.

0.2.4. (Single answer, 4 points)

Q.2.4. (8E StLiY. 4 H)

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.
oHoF Oopd™ AlE (W), REA X S0tR (7|5 &) SEBO(X) KA Y 5012 (7|5 H4E)
HE =doM 7|20 2 MEH|Q| X[ &(shoot)2| Q14 2 O{EA
o

A &ME BASHOlEh). BX|OM 2 ©Ol X2 EAlSHEL

(A) X<W<Y
(B) Y<W<X
(C) W<X<Y
(D) W<Y<X
(E) X<Y<W
(F) Y<X<W
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0.2.5. (Single answer, 4 points)

Q.2.5. (B SHLY. 4F)

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.
28 & 242 SHE 0|85t St CH Ao &2 ZHESt= 7[-OITE A= #1 1 #2 2

=X
CHT RZ22SE BT Vel zo| YAH 2R 2MS A If 1Y 2 Uey %oz
OMEE FIHe TS F ol ek HOXM R Hol 2 EAse
(A) (8) (c) (D) (E)
Sample 1 2 1 2 1 2 1 2 1 2
Y . . L
/Il — Bl BN — —BlE e —
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