18" INTERNATIONAL BIOLOGY OLYMPIAD JULY 15 -22,
2007

PRACTICAL EXAMINATION 1
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ANIMAL ANATOMY, SYSTEMATICS AND ECOLOGY
Fagt R, darB R, LET

L, =

This examination is composed of 3 tasks.
POFRIBAIEIIODIR IS

TASK A: Dissection of two annelids

26 marks
7 RIA: o DRHF DR 26 55
TASK B: Identification of annelids using a dichotomous
key 10 marks
FRIB: pHF—VvU - eBBHFHhoaz 1041

TASK C: Defining the structures, body plan, life style and classification
of 10 “worm—like animals”. 27 marks

FRIC: 0D LY PFHPOHELRT 1+ =77V, LRI 4 r pH2T2
TOTAL MARKS =63
F—%0163 2

TOTAL TIME AVAILABLE =90 minutes
E 90

GENERAL INSTRUCTIONS
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® Read the exam paper carefully before commencing the exam.
Fif\‘bry?’? (2O APILRA DK EFBIELALED.
(10} It is recommended that you allocate your time according to the
mark value of each task and question.
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Task A. Annelid Dissection (26 marks)
BHFH OIS 2 6 4

Objective: To locate key features in a marine and a terrestrial annelid.
cE A F e R FOBEHFHOE L T LR RTY Lo A

Materials: dissecting tray containing annelid 1 (tray labeled with blue
sticker)

B 9> o Ty b ()



dissecting tray containing annelid 2 (tray labeled with yellow sticker)
BHEGM 20> Stk b (%)

1 pair of dissecting scissors a1 X 4 — >

1 pair of forceps B>k v h—=

1 scalpel A A—=>

20 steel pins FJEAAF T —)LIZAF—/LE . (72 1L) 20 @

14 colored pins in petri dish

(2 red-orange, 2 blue, 2 yellow, 2 black, 2 white, 2 pink, 2 green)
RigR+a—=)IIl14EDHhF—-E Y
(RAV VY2 A2, £2, P2 42 ¥rv7z2 '%2)1

pair disposable gloves 4 it\ 122 1
dissecting microscope and external lamp £ "AB.4% 4%, 2 #B-£ /%2 specimen
cards (1 labeled with blue sticker, the other labeled with yellow sticker) %4 # —
F2#% (Hé esé) water bottle for keeping
specimens wet #4541 ¥ i o € At dH DAL D> S Frim

15 cm ruler from student pencil case 1 5cm D Z . (=% — X D)

NOTE: Before beginning your dissection, ensure that you have all of the
materials listed above. If you do not, immediately notify a lab assistant
by raising your hand.

WA P 3D AP LRT oML DT ST H L IDArS L, T Vb O
PHILT CREALTTYRI Y F (Lt &,
Procedure:

1. Fill out each of the two specimen cards with your student number and
name and set aside. You will sign these cards upon completion of your
dissections.



ZOoDFA N -F LB AL AP E L BB, iRt h o6, L
DH—FIIH 4 T4,

Put on your gloves and remove the wet paper towel that is covering the

specimen.
Throughout the dissection, use the water bottle to regularly wet your
specimen and any parts removed. This will ensure that the parts do not dry

out.

4%?’)°‘H:° TN oiFd v ho T VA= =F FIN AR )T, A3 T
CTV BRI, #200> st - 7, 31 P F LB rrino ¢ b &
IREFBL L, TDLHIRULT, @FUABPPEBRLTULEHT LI (LE
ok,

Note the differences in the external features of each worm, namely
the increased number of sensory structures and the presence of
multifunctional appendages on annelid 1.

Er eSS BHFHM LT, BERY L AR TR 519 H b L
&

From the mid portion of the body of annelid 1, detach an entire parapodium.
Parapodia function as limbs and gills for the worm. Details of the
parapodia allow zoologists to distinguish between different species of
this annelid. Each parapodium consists of a ventral division called the
neuropodium and a bilobed dorsal division called the notopodium. Each
notopodium is supported by a chitinous and stiff rod called an aciculum.
A dorsal and a ventral cirrus project from the notopodium and the
neuropodium, respectively. Setae extend beyond the parapodia.

BHFHMA DAND =282 o AL (WNTFH ) - o, TaTRETA) 2,
AL (WITH L) @RPEE: UL, #HEHM T, &t?ztiﬁélt
T AR E G AT, B2dAL (WNTH L) 6T, IR
T toigdx neuropodium ¥, A H > T =L (2 Fa (Trmh 5 t) Ul
notopodium 1‘J"‘O) T A, A i L A%aciculum P F I A F 4 UL DB E
MOPRE LT A GALT A, FH il # 6 (T, T4 T 453k e ghhd» D 07
Wh, ¥LIAL (WNFH L) EHVVERALADUIT VA,

Use the pins provided to pin the detached parapodium in one corner of



the annelid 1 dissecting pan. Ensure that it is pinned on wet paper
towel. Pin as follows:

%M%%1®%Wer®~ﬁT A 72Tty (s L) ¥riTO
V¥ ->T2dh X0, A== FAND L (IENT, Ered'y
NI

® red-orange pin for the neuropodium (2 marks)
XAV VTOEYTHILY (235)
® blue pin for the notopodium (2 marks)

ACYTHR Y (22)

* Before continuing, use the water bottle to moisten the parapodium & cover it
with a wet piece of paper towel *

LD REEUDI, AL (VB L) TiELET, ANt —F A
Yo ¥o 7??57')77007

Stretch out each worm in its dissecting pan, dorsal side up. Place one
steel pin through the 1segment of the body and one pin through the last
segment of the body to secure it in place.

FDLYE, BNy FDLT, AR LTI, RF-LDE Y
IR CVERES S BN N L.

Cut open the body wall of annelid 1 from the anterior tip down the
body 3-5 cm. Separate

the body wall from the internal structures and pin the body wall
to the dissecting tray by using the steel pins.

BHFHH 1 ONEY . P 6 3-5cm 13 FEG, ABEE . 3R 6 1y
LT, RF+—=NLEYyTro L,

Cut open the body wall of annelid 2 from the anterior tip, and continue
the cut posteriorly
approximately 5 cm. Separate the body wall from the internal



structures. To open up the worm, pin the body wall to the dissecting
tray by using the steel pins.

BHFHD 2 O N 3y 6 bem 13 EAn ) B, ABE G AR 6 (1,
RF =YY T, KB Yy P ILe & T, 'KY BT,
9. Starting at the anterior end of each worm, locate the muscular pharynx.
In annelid 1 the
pharynx also contains jaws that are useful in its predatory lifestyle.
In both specimens, pin the following structure:

INTNDLYIIoNT, JhDdiE (ArI) vEod L, EHeY
171873 (VAT I) @EgH eI L dta N (& Lhb 4TV 5,

® vyellowpin for the pharynxon annelid 1 (2 marks)
BHFAMI OB (A )) FHedoEry Tk (2%).,

® vyellowpin for the pharynxon annelid 2 (2 marks)

BHFHFN 2087 (VAo ) rrd o rtds (22%).

10. Moving posteriorly in both specimens, locate the long and
tubular intestine used in digestion. In both specimens, pin the
following:

DA o0 T, 5D F (e ra T, Wi=AdnbiddrW
FROFEL-od s, 47081 T OBRRTE YT &,

©® black pin for the intestine on annelid 1 (2 marks)
BHAMIOBrRIC YT L, 22

©® Dblack pin for the intestine on annelid 2 (2 marks)
BHFEH 20 ICyTd L, 2%

11. Other major features of the annelid digestive system can be seen in
annelid 2. Immediately posterior to the reproductive organs in annelid
2 lie the soft crop and the tougher-walled gizzard. Inannelid2, pin
the following:

BHFH 2 TR, BHFHOBPREFCLLELNLIDCDRBRY S A I EH



‘("é 6,, REDT (T4 65T decrop B gizzard 905 5,

® pinkpin for the cropon annelid 2 (2 marks)
BHAHH 2D I RYEVIDEC Y TFRE2 2%
® greenpin for the gizzard on annelid 2 (2 marks)
BHAN 20RO VTR 2 5
12. Both annelids possess a closed circulatory system with tubular hearts

and a dorsal and ventral blood vessel. In both specimens,
pin the following:

A FD@FHFHE L FRY e I afepPaFrmiinidaFit
b o1

WA, AT IIOVTITOHLDYIS L T4,

® white pin for the dorsal blood vessel on annelid 1 (2 marks)
2 VTHHFH 1O P aFr e 2 2

©® white pin for the dorsal blood vessel on annelid 2 (2 marks)
2V THHFHFH 2O P2 Fr 7 2 2

13. Although both specimens are annelids, annelid 1 is sexually dioecious,
whereas annelid 2 is hermaphroditic. Hermaphroditism is an advantage
for this slow—moving organism. Examine the anterior internal

structures in annelid 2, and any external features found on the body
wall. Inannelid 2 only, pin the following

A F04FE1 T b KEHFHIEY, #FH 1@ 2P R T O LT,
BHAHN 2 (158 NTH A, A he I LEBNIE, 1o - )L
DETECFHNE L - T@E M TH L, BEHFHN2 0P 03 #Pips v AR
D2 BPrE DRBE A L. BHFH 2TV T O VL T <.

® plain steel pin for clitellum (2 marks)
RAF—NWEVYTEBFTYr T4, 2%
® red-orange pin for seminal vesicle (2 marks)
*AVVTEYTERERY ¢, 24
® bluepin for seminal receptacle (2 marks)
ALY TrEHRY €, 22



14. After finishing the task, place a wet paper towel over the dissected specimens.
Raise your hand. A lab assistant will take a photo of your dissection. Both the lab
assistant and yourself will sign your dissection pan labels and record the time.
Your dissection will then be taken in and graded as you move onto the next
section of the practicum.

TRIDPHRD 5k GEoehX=N=FANEFLI DL St A XT3
BT YRR LA DT v Rb, TYRI Vb Hh R BT,
B DF I L v LT, v 3T A, DT | fdfd 11, T8
DADRT v TG AT, 2RI, IR T b,

Task B. Identification of annelids using a dichotomous key (10 marks)

BHFH OB 2 Py F—noazT s (10 %)

Objective: To use a dichotomous key to identify ten annelids to the genus—level.

s 2 p i F—F U o THEHFH10F AT

Materials:
line drawings of 10 annelids (labeled as 1 to 10). All the organisms
are drawn in the same orientation.

10§20 HFHH ORI, (1961004595 -5T5Hh) . TTOHHIL
AU Fa (e Tv b,

Procedure:

Use the dichotomous key below to identify the genus to which each annelid
belongs. Indicate your selections in the answer booklet by filling in the most
appropriate circle for each annelid.

T2 X - -7, FHHEHDEF L T b Fgenus T L v,
BU N BATAERD KDL -t bd L P E) o8 LT,
Dichotomous Key 2 43¢ —

la. Has a prominent posterior sucker /1§ (TR L 1R T H oeeeeees go to
2 (2 ~) 1b. Lacks a posterior sucker 1§ 3 (T-R4§HHreeeeees L Lt
go to 3 (3 ~)



2a. Posterior half of body much wider than the
anterior end "AD I 2 PH P £ )
I R/l ‘f'.?)i\‘ ..................
Glossiphonia 2b. Body more ribbon
like, anterior part tapered ‘A($?)
7]‘\‘“/7'{‘{“’;].‘),?-;1;;&#;.;, ..................
.................. . Eropobde“a

3a. Has a prominent clitellum R | 7:#2F ¥ #H>o-oeve REXEREE: B RRAREEE
Lumbricus Bb. Clltellum absent i%%f))“-&>\\ ......... BEERERE REERETETER BEEEE TR
go to 4 (4 ~)

4a. Each segment has a pair of lateral appendages
(parapodia) % 'h& (I~ )W %4l (A L)
1’{)’) ......... NERERERTRS REEEEES ..goto5 (5
~) 4b. Parapodia are reduced, modified
and/or not present on each segment A%
[T LT A h, FHLTVWAED, H5h
Wil go to 8 (8 ~)

5a. Worm bears dorsal scales (elytra) A @ (XI8(F A5 )05 b .

Lepidontus
5b. Worm lacks dorsal scales TFHIDfiE (9 A ) DIZRUN-ererereiiiiiiens ..

go to 6 (6~)

6a. More than 15 body segments 1 5. O AmH H b R go to 7
(7 ~) 6b. Less than 15 body segments; prostomium with a pair of club—shaped
palps
150 Am LR\ PEIKAFE (AT H) RO L
B ho Nerillidopsis

7a. Segment 2 bears a pair of long parapodial cirri %
2AEm (LEVALKRDOIR (2 ) 5% 5
--------------- .. Tomopteris 7b. Lacks long
parapodial cirri on segment 2 % 2 ‘A# (<
PR (e ) »f% . Nereis

S8a. Possesses numerous tentacles i D ald ¥ ) e .



Neoamphitrlte 8b. LaCkS tentacles 3]’1:_/1 ﬁ)“t‘? R R LR R PR
...... g0 to 9 (9 ,\)

9a. Parapodia of the mid-body region modified as tufted branchia
(gills) AD =2 3DALIT FROEL (L 6) (¥ -
TN B . Arenicola 9b. Body divided into
distinct regions; anterior end modified for
filter—-feeding
KNIV 2oDPDBP LT -3 ) ponTB ), PHIETEHE (59)
*?‘fﬁo) T (TRA Y H(CEH LTV A .. Chaetopterus
Task C. Form and function of “worm-like” animals (27 marks)
L2 DEFH M e i

Introduction

The following 10 animals all resemble “worms” in habit or appearance based
on their general tubular or “worm—like” body plans. Most people without
scientific training would initially use the term “worms” to describe these
ten animals but with our zoological knowledge we know that these animals
actually belong to several very different phyla and are only related
superficially by their “worm—1like” body plan. These 10 animals have structural
characteristics that are adapted to their particular environments and life
styles.

AO1O0DFGIMEALB CERDHES S Tay ) vt fnbmhTsd s, %
BIEPL ==y 77Xt l@gIo100f%eT<Tav 25, Lo,
FP LMD H LK 2 2416 DFHH VL 29 OFHHIEFRI, 42K
HEVWIDRA AR T ET I i Tvbd, 1006 100HMIET, ®
AVIFELE S | LHEB T RAT LY v b - T b,

Objective: Using the pictures provided, determine which adaptations (form)
these animals have that helps them in their environment and life
styles (function)

ZEDL I DFGY, YO LITHEPLERT AL () (LEF S LTHE
LTIV AanF LA,



Materials:

laminated, colour photographs of 10 animals (labeled A to J)
FIF—bPTNT10DFHNDH T — ZE (A-J)

Procedure:

There are two parts to this task. Fill in the tables in your answer booklet.

ZODIRIHH ) T, AEEDKD T2 T T\,

1. In Part I, select the best response for each of 6 characteristics (body
shape; structures used in locomotion or for attachment to a host;
structures used in feeding; type of digestive tract; body segmentation;
type of sensory structures) from the choices provided.

Part 1 . 6 » ) ¥ (AL, i%%‘?‘f?i’\o)ﬁ—%, *L%"fBJ.{Q‘ Pl i“‘/%’0)7 A
T, Ra BERORR) DT AT T, FHLETH D ES,

In Part 2, use your observations from Part 1 to select the best
response from the choices provided for the life style of each animal,
the phylum to which it belongs and its body plan. For each part,

indicate your choices by filling in the circles in the appropriate
section of the answer booklet.

Part 2: Part 1 ORFEH» 6 I N TN OFHHEFL L TVAb - bdinh L
HRI AN, FHDFTAFHMIIe AN &S, T T DPart (T2 T,
A2 DK O EANBE R DL TR ) o5 | TR £,

-THE END -

SR o)
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PRACTICAL EXAMINATION 2
RRERM 2

PLANT ANATOMY, MORPHOLOLOGY AND PHYSIOLOGY
HMRAE, BRE, £8Y

EXAM BOOKLET 2
Ril-F 2
Task B. Identification of flowering plants 21 marks
BEB ity o E 21 54
Task C. Dissection of a seed and a flower 25 marks
BEC i1 & ieofikl 25 54
Task D. Plant evolution 5 points
BED Yo 55
Task E. Graphing and interpretation of data 8 marks
BEE 777 2fEpie 77— DR 8 1

Time allowed: 70 minutes

PR : 70 5

(Total time allowed for Practical Examination 2 = 90 minutes)

(FeBialE 2 O 44k O HIRKFH =90 73)



Plant Biology Lab Exam, Booklet STUDENT CODE 2

WRITE YOUR 4-DIGIT STUDENT CODE IN THE BOX BELOW
AND ON THE TOP OF EACH PAGE OF THIS EXAM BOOKLET

RToOtCcOBRRBFOERDR—SDLOOIS, BTk
DAFOEEEBEREGZ S

STUDENT CODE
EHERD

GENERAL INSTRUCTIONS
—RNER

IMPORTANT
¢

» Read the exam paper carefully before commencing the exam.
Al 2 dn o 5 BN E R Cmea % & vy

» It is recommended that you allocate your time according to the mark value of the Task.
A DA IGU T ERC T A S e T o 2 T,

» Write your answers in the exam booklet.

AR R £ RAL & B

» Do not forget to hand in your graph prepared in Task E with your exam booklet.

REETHERLETS 7ERMAFL—RICRHETICEEBLhBNESIC
LEZEL,

BE SURE THAT YOU HAVE WRITTEN YOUR 4-DIGIT STUDENT CODE
ON THE FIRST PAGE OF EACH EXAM BOOKLET
and
ON THE TOP OF EACH PAGE OF THIS BOOKLET

Z2D0BRAFORINOR—SECORRBFOERIDR—SD LIS,
HUBEDIHTOEEBRTERVC LEMDDOEEL




Plant Biology Lab Exam, Booklet STUDENT CODE 3

IMPORTANT INFORMATION FOR TASKS B AND C
PUEB & CeXxdsBRES NN

» Handle the plant samples with care. Some samples will be used in more than one

TASK.
HWTOTLETRICBVWEZV, $ 7055 b 0RAKORET
ERALET,

» When you have completed Part 7 of Task B, please indicate so by placing your plastic bag
cover on the microscope and a lab assistant will grade the quality of your section.
HMEBON—FT7T52%b o6, JAMIERC T I AF Y I N T O3 N—% Hif T
T LEZELERLTAEFE Y, ZEBBETrd46 05082 5AL £ 4,

» Make sure that you have completed Parts 5, 6 and 7 of TASK B before commencing

TASK C.
HEC RO AFTC., EBOS—F 5, 6., THAKboOTVLL L &R
LTl s,

» It is important that you cover your dissection board with a paper towel to indicate you

have completed Task C1 (Seed Dissection) and Task C3 (Flower Dissection). In each case, a
lab assistant will ask you to sign your specimen board, record the time, photograph your
dissection and then remove the dissection for marking.
ol C1 (M7 O fFD L C3 (JEO R 78T L e &RT o, N——Y
ANV ERFR LT 2 rE e (HED o 208, EEETF e BERKRC &
12 &8RS, K] 2acsk L. MEIL 20 0 e H5HCHRY KA O LD LfRFIL 24 0 &
BEjL £ ¥,

PLANT ANATOMY and MORPHOLOGY
HbomALEBe

Materials

HH

» 10 petri dishes containing plant samples 1 to 10
Y > 71 —10DA> TV 510D ~¥YX—1L

>» 1 foam core specimen board labeled SEED DISSECTION with four coloured pins
(1 black, 1white, 1 yellow, 1 blue)



Plant Biology Lab Exam, Booklet STUDENT CODE 4
SEED DISSECTION (BFOMM) & 7 s ehrRF@rs 7 2+ 78lp

AR L a R kofiffe oy (GRL, A1, 31, H1)
» 1 foam core specimen board labeled FLOWER DISSECTION with seven coloured pins

(1 orange, 1 white, 1 yellow, 1 blue, 1 pink, 1 green, 1 black)

FLOWER DISSECTION (IEDMM) ¢ 7 e nidgfu7s 5 2+ 7 780
WA E TAROMffE o Y (AL YY1, {1 81, HF1., €Y7 1,61,
1)

>» 1 single-edge razor blade
RFJJo#3I>Y) 0j]l
>» 1 dissecting kit
% 7 b1
>» 6 glass microscope slides
A7 4 F7 7 A6
>» 1 box of cover slips
BN—0F A 14H
> 1 drop bottle containing toluedine blue stainng solution
MVA DU FREOW O N 2 72 g 1
> 1 drop bottle containing distilled water
KON = f SR 1
» 3 tissues
374V v (FLEXLT747)
>» 1 light microscope
TG BRI 1
> 1 pair disposable gloves
g c PRI b
> Paper towel
4L o A v

NOTE: Before beginning this task, be sure that you have all the materials listed above. If
you do not, notify a lab assistant immediately by raising your hand.

BE: coEs By AR, FoUy A roMEIALThH L EERLEE L, L L
WOBHEETE LY TF CCRBEYTCH LIS & L,



Plant Biology Lab Exam, Booklet STUDENT CODE 5

TASK B. Identification and classification of flowering plant samples based on
their anatomy and morphology. (21 marks)

BEB SuLiBRLciIMEAROYLTILORAELSM (215

Procedure:
M :

1. Using the razor blade, cut a thin cross section of each of the samples 1 to 4.
AIYVDJJEHe T, WY TNV 140K rbEVYR (V7 aALr v YY) %

oL A,

2. Transfer each section to a microscope slide and place 1 drop of toluedine blue
staining solution and 1 drop of water on the section.
FROPI T EPMBIA 74 F T ACK L, PV A v R E L K E
PR 5

3. Put a cover slip on the section (try to avoid air bubbles when placing the cover slip) and
remove excess stain by placing the corner of a piece of tissue paper against one edge of the
cover slip.

AN—7FAEY/FO FCTFE (AN —27 F AT LB ELIWHAAND &5 L & ) et
AHEEV) L AN—T T AD—FORIE T AT Y IR N D% b T, B O L
WEPReE 5w,

4. Starting first with the 4X objective and then using either the 10X or the 40X objective,
examine each slide under the microscope and observe the structure of the tissue.
HIo 4 FoxPL v 2 e, 2 0%, 10/5 % 2@ 40 5 & v BAME E ] <
KD HHAR O I £ BT 5

5. Based on your observation of each slide prepared for samples 1 to 4, identify the

tissue/organ sectioned. For each sample, enter the appropriate letter from the

column labeled KEY in the table below. (8 marks)

BTN 4 h bl KA D AT 4 FOBIEE & L, P E N R/ B
FRIET D, £420% TNV ECE L T, KEY (#) £ FNIN&hih T bhbifg)s
T (A~D) ZiET, FOoREANE s, (85D

Sample Tissue/Organ KEY (#8)
Yy In AW / BE
A =leaf I

1

2 B =stem 2%

3 C=root #

4 D =petiole ZEH




Plant Biology Lab Exam, Booklet STUDENT CODE 6

6.  Examine the sections you prepared for Samples 1 to 4, and the plant parts of
Samples 5 to 10. Identify whether each sample is from a monocot plant or from a dicot
plant and indicate your answer by writing an “X” in the appropriate column of the
following table. (10 marks)
TNl =4 bl Y e, Y Y TIN5 =10 DM OHE D E2TH~% & v, KX
DA TOb p BRI 2 b HEK T B X ERY) 2 S RS A 2 FEE L L RO KD TE
P77 hc [X] #FCALTELEE L, (10 5D

Plant Sample Monocot Dicot
HPp+ 7 | BTFE RFE
1
2
3
4
5
6
7
8
9
10

7. Once you have completed Part 6, place the slide with your best section on the
microscope, focus the microscope and place your plastic bag cover on your

microscope indicating that you have completed the task. A lab assistant will examine the
slide and grade your sectioning technique (5 marks).

—BR—F6ERTLED, HBLBEOBRKORAS A FERMEMICEY FL, KA
EAhHhE. REXRTLECLERTED, MBMICTSAFv o299 TDHh R
—EDHFTLREN, KREBHFE»* 27 1 Fefl<, dbsroPRERT I =2
y e WELEF., (5K

After grading, this slide will be labeled with your student code and your signature,
and be taken for storage.

BAR, CORSA FIX, BLEOERRBLBLEOYA VERAL, BRES
hET.



Plant Biology Lab Exam, Booklet STUDENT CODE 7
TASK C. SEED AND FLOWER ANATOMY AND MORPHOLOGY (16 marks)

BEC WBFEEOMBEBR (16D

IMPORTANT. Make sure that you have completed TASK B before starting TASK C.
EE BRECZEZROOIMEMEBHARDOOTHSICLERMBLEE,

TASK C1. SEED ANATOMY (8 marks)
BEC1 BFOME 8

Procedure

=N
1. Write your student number on the specimen board labeled SEED DISSECTION.

SEED DISSECTION(BF o) t W T » 3 MEAR - B S e PWe 2 & v,

2. Using Sample 5, cut the seed longitudinally with the razor blade and dissect the seed into its
component parts.

YOTE 2. 737V 07w Tyt (KL CRETE2YIKL., BT 2 i
L T L L as e (QUFhksr),

3. Use the pins provided to pin the correct seed part on the specimen board
EL VT O M e AR D E € Y Ra Lg s,
»  black pin for the testa (seed coat)

BE R

»  white pin for the cotyledon
FREHLY ¥

» yellow pin for the plumule (foliage leaves)

% K cREBoO

»  blue pin for the radicle.

b NES T RN

4. After finishing this task, cover the board with a paper towel and raise your hand. The
lab assistant and yourself will sign the label on the specimen board and record the time, and the
lab assistant will photograph your dissection. Your dissection will then be removed for grading.
COMEEP KDL, EN—NN—=F FNTE, FrEFLE L, EHEHT L H
ol nt BEARNRC A 2L WM 2R L EEET A S & L O e GECHRY %
T, b rofEiaREord CBEIL £ T,



Plant Biology Lab Exam, Booklet STUDENT CODE
TASK C2. FLOWER MORPHOLOGY (2 marks)

BREC2 EOBE 2

Procedure

=l

1. Examine the flower in Sample 6. Write an “X” against the correct answer for the
following questions:

YoIN6 ofpeifi~ssv, FogMexfl il egaexilc [X] 25AL

Hd WV,

(a) The sepals alone make up the
BAFEYTTETL S OW

1) corolla
176

11) calyx
H L

1i1) perianth

TR

1v) hypanthium
FEFET

(b) The petals alone make up the whorl known as
WHi (B H) OrTcTETL L FD &) CIEE N SHHE DG

1) corolla
176
11) calyx
H L
1i1) perianth

TR

1v) hypanthium
FEFETE



Plant Biology Lab Exam, Booklet STUDENT CODE
TASK C3. FLOWER ANATOMY (15 marks)

BREC3 EEOM/EA (15

Procedure

=l

1. Write your student number on the specimen board labeled FLOWER DISSECTION.
FLOWER DISSECTION & & 2 1L 2 AR CAGETR 5 & dF e & & vy

2. Dissect the flower (Sample 6) into its component parts.

YT 6 1L & R CIL 5 2 .

3. Use the pins provided to pin the correct flower part on the specimen board
ELV VD AR Fe e v oL re e,

» orange pin for a sepal (2 mark)

reFbIYo Yy (280

»  white pin for a petal (2 mark)
e (fev5) CERWE ¥ (2 5D

» yellow pin for an anther (2 mark)

PLERMO Y (2 D

»  pink pin for the filament (2 mark)
HRCEBYY D E Y (28D

» green pin for the style (2mark)
A D € ¥ (2 5D

»  blue pin the stigma (2 mark)
HEHCcHo Y (250

»  black pin for the ovary (2 mark)
ThHCROE Y (25D

4. Use an “X” to indicate the correct classification of the placentation within the ovule
of this flower.

SO O MERAN O IEL VIREERCY] (IREEERD € [X] v TRl & e v,

1) marginal
JE I G R
11) axile

Hh e A
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1i1) parietal
IR 52
1v) free-central

Hh R fif

5. After finishing this task, cover the board with a paper towel to indicate to the lab
assistant you are finished. A lab assistant will photograph your dissection. Both the lab
assistant and yourself will sign the label on the board and record the time. Your dissection will

then be taken by the lab assistant for grading.

CORBERTR, BRTLECEERMEMTFICKRTELIC, HER—1R—4
FLTELTSKESY, KHEYTF 2764 £ 0RO EHEHRY £ 4. KEEYTF &
Hh IO FEOFNNVEEH 4 L, B EEELE T, A 2O EZ e b FEE

BEhFC L THEO LD CHEE)L £ ¥,
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PLANT EVOLUTION

Y o

TASK D. Identification of the Time of Evolution of Higher Plants (5 marks)
BRED N¥il%woR{LONNOMGE (5:7)

Materials

HH

» Plant samples in dishes labeled H to M. DO NOT OPEN THE PETRI DISHES.
HM&EFTNLEREYX—LEA? EMEYOH TN, v X—L &bl
&,

» Photograph of the evolutionary time scale (Figure 1)
A DR » 77— o5 (B (1)

NOTE: Before beginning this task, be sure that you have all the materials listed above. If
you do not, notify a lab assistant immediately by raising your hand.

BE: coEs e, FoY AFOMEIATRTZA TS L FERL &
g, dLELRFL &, FeRF cEBEHFCFT LT LS €5 & L,

Procedure

=l

These plant samples possess characteristics representative of their ancestral lineages. Read the
descriptions in Box A and identify the description that is most correct for each plant sample.
InH ORYF TSGR ERKR L 2REEA L T 5. Box A DELIR € @i A
BRORYY v TN SR LEL R B R,

1. Using the codes (1 to 6) representing the different time periods in the evolutionary time scale
shown in Figure 1), indicate the geologic time period that best corresponds to each
description.

M1 e b olfiirsr— e nrefZge 20 () £8HT=I—F (1—

6) 2V, F2 ORI OIIGL 2HEBIHZRL 5 & v,

2. Enter the two codes (one related to the description and one related to the evolutionary time
period) for each sample in Box B.
BoxBOZAOH X TNEEF52202—F (12E508E, 12 @il o ke
BhE+ %) Z5AT 5.

NOTE: Not all descriptions in Box A will be used and no letter should be used more than
once. The answer for Sample M is provided.
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Box ADRBRBEILTEMRATILRIMEEWN, T, BEREZ—EHOHAEAT S,

7 MopZarEirsnTwe s,
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BOX A

Plant Sample Lineage Characteristics

BWY v v 7o RH oKkl

a. This spore-bearing plant group has persisted relatively unchanged for hundreds of
millions of years. In this time period, it was likely an important dietary element of
herbivore dinosaurs.

SO E MW O 7 — T R W F e oS e, Z o
B, SRS FE A GHEECh oL L ) ThH D,

b. The first macrofossil evidence of the evolution of grasses appears in the fossil record at
the time of the diversification of mammals.

1 ARHEY) O AL ORER & & S 4]0 T O KRB &, B FUH O DRI O A7 RC
RN 5,

c. In this time period, the indehiscent integumented megasporangium (ovules/seeds)
originated. It is represented in the samples by modern plants producing naked seeds on a
scale.

SOl w R AR L & LR AT A KT aE OBk /BT e/EV L
2o ZhfgE (WEE) o BClofir e E2BURO Y v T L Tan s,

d. This group of spore-bearing plants included members with tree-like stature (Sample M)
and were common in coal-producing swamp floras (answers provided).

COMTEHETAMEYO I N =T E, BARD L) EFoEE e FHoOA Y NN—5 5 A
(F ¥ TM) L AR E ARSI O R R T b B (KA b AT B)

e. Coniferous seed plants, as represented by the sample were driven to extinction by the
diversification of the superior characteristics of the angiosperm in this period.

P TINTRERESND 2 OBRR & & 5T FAYNE. B O 80 2R 0 2L
L2 T, SO CEHA~EE LN,

f. The dichotomous branching and sporangia of this plant were characteristics of the first
terrestrial tracheophytes, which left some of the earliest land plant macrofossils at this
time in history.

TR Dk & M aE L IR 0 BE EAEE ) O Rt L o R ) ©
B BRI O KA A O » 2 h & 2 ORFHCERL -,

g. The evolution of flowering plants, as represented by this angiosperm, first appears in the
fossil record in this period.

S ogTRY AR e s Bfe Y o L . Z O o AEcER O THIR B
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BOX B

Enter the correct codes for each sample
BL20Y% VS NVEELWI—F
EANRLEE W

Sample Description Time Period

Y7 BR(ES) B3P

14
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PLANT PHYSIOLOGY

TASK E. BREE

Interpretation of photosynthetic data from plants grown at different light levels (8 marks)
RIRDHD LIV THER LTI B O NTEE DT — 2 O (8 7)

Materials 4

» 2 sheets of graph paper, each with the axes labeled differently
77 72K, T e, BZIER R oT2T NVR L TH D,

NOTE: Before beginning this task, be sure that you have all the materials listed above. If
you do not, notify a lab assistant immediately by raising your hand.

ZONVEEZ D DRI, MBI T RTES TWAENE I NI, § LEWIEAIC
X, FEZET T, THAONCERET VAX L MZEHLETLSZE0,

Introduction

Single leaves from two different plants, one grown in full sun, the other in shade, were removed
and placed in separate, clear boxes. The leaves were exposed to increasing light levels and the
rate of O, release was measured.

B2 2008 (123 KEOXOT T, thFIXHETE CONE) DHENEN
18T DL LV Blx DOFBRRRIRICANTZ, TNETNOEICHRIT L2 LT0o72E &0
Fe S5 R 2 e L 7=,

The data obtained from this experiment are presented in the following table:

ZDEBRNO/RONTT —Z UL FORITR LI,

Light Level Rate of O, production
DINL: R i 34 Tk HH O R
(umol photons m™ s™) (umol O, m™?s™)
Leaf A Leaf B
0 -20 -2
10 -10 -0.5
25 -5 1.5
50 -1 3
100 5 6
250 15 10
500 28 12
600 30 11
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Procedure FMR

1.

™

6.

Select the sheet of graph paper that has the X-axis and the Y-axis labeled correctly for the set
of data above. (1 mark)

AR OT —Z NERARTEDL LOICXE, YHINELLFTKINTET 7 7 HRZRU7R
SV, (1A

Write your name and your student number on the label on the sheet of graph paper you have
chosen.

HRT-NEAL T T 7K ED T LT, 4 EEE R EEX I,

Mark the scale of the units on each axis.

TRENOENZ, 27—/ (BF) zES ANLRIV,

Plot the data presented in the table for each leaf to compare the photosynthetic rates (O,
production) of the leaves with respect to light. Clearly identify which line represents Leaf A
and which line represents Leaf B. (2 marks)

DB E EREDNERRE (BRRAPE) ORRZ KT 272012, BOIBDDIEIZHO

TERICRENTT X277 7 Fic7ay FLREW, EBLLOMMNIEA (Leaf A) TE

LHNHEB (Leal B) 2&HH2 L 5CHALAREN, (24

Examine the graphs you have drawn and determine which leaf (Leaf A or Leaf B)
demonstrates the characteristics of a shade-adapted leaf and which demonstrates the
characteristics of a sun-adapted leaf. Indicate your answer in the table below by writing

an “X” in the correct cell. (1 mark)

HIRT=MENT T 72BH L, EBLOIENAEICEL L2 O, F72 I
IR LT b OMERE LRIV, BT s [X] TEHRICEEALR IV,
(1)

Leaf A Leaf B

Shade-adapted
HEcue

Sun-adapted

SN -y

Use the data plots on your graph to answer the following questions:

b0 T7 77 FicTay hENTET—H 2o T, U FORIZE S0,

(a) Is the light compensation point of Leaf A higher than the light compensation
point of Leaf B?  Circle the correct answer. (0.5 mark)
EADOKMERIL, FEBOKMES LV HNTTN? ELWEZEZOTHA
mEv, (0.5 45)

YES NO
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(b) Can the light compensation point be defined as the light level at which the
photosynthetic response reaches saturation? Circle the correct answer. (0.5 mark)
SIS A, A RSPEFNCE L ORI L EFRT D Z LIXTEET D,
ELWEZIZOTHZZRS Y, (0.5 &)

YES NO
(c) Which of the answers below most correctly identifies the light compensation
point of Leaf A? Circle the letter of that answer. (1 mark)

WAOMERLE L THRbIELWEBDbILD DX EN,
ELWEZIZOTHAZRE VW, (15)

i)  between -10 and -5 pmol O, m?s™
ii) between 10 and 20 umol O, m™ s™
iii) between 25 and 50 umol photons m™ s™
iv) between 50 and 75 pmol photons m™ s
v)  between 500 and 600 pmol photons m™ s™
(d)  Which of the answers below best describes the maximum rate of
photosynthesis of the sun leaf? Circle the letter of that answer. (1 mark)
KIFHZE B SN TV EO A FGEE DR KEZ R LT Db E LW GEilRiE
v, ELWEZIZOTHAZRIV, (1 4)
i) 12 pmol O, m?s’
ii) 15 pumol O, m™s’
iii) 30 pmol O, m™s™
iv) between 250 and 600 pmol photons m™ s™
v)  greater than 600 pmol photons m™s™
(e) This graph gives information about the photosynthetic response to light. Can it also be

used to estimate the response of respiration rate with regards to light? Circle the
correct answer. (1 mark)

IOV T 7, HORS EHARRSE DR ERL TV A,
ZDT T ITNHHORINTKT HMENGHE DB EZHET H I LN TELHMN?2IELWY
BZuwOTHAREIV, (1 5)

YES NO
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- THE END —
BDY

HAVE YOU WRITTEN YOUR STUDENT CODE ON THE FIRST PAGE OF
THIS EXAM BOOKLET AND ON THE TOP OF EACH PAGE?

ZORBREEM O O~N—T L TNETNETDON=TD kv 7
OO EEEFE2ES T LIEN?

REMEMBER TO HAND IN YOUR GRAPH PAPER WITH THIS EXAM
BOOKLET.

ZORBEIEM T &, R0 7T 7 HKE —HICFELTALIZ LEEN
RWDNT R EW,
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AV TIT—=DFFTT L EBBEOGHT
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BHELIEREITORKLERY ) 77V —EOHIE
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s FE B OFRE
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Introduction  fFiR

The cabbage family contains a class of compounds known as glucosinolates. Some glucosinolates such
as glucoraphanin have desired medicinal properties helping to prevent cancers while others such as
glucosinalbin have toxic metabolites.

& ¥ XY O X glucosinolates & W 9 £ HT T HILTW D B M % & A TUW %, glucosinolates
?O—7F& glucoraphanin 13 47> & P75 Z & BNHIRE S D 3k 2 Fo. —FH., 1E0D
glucosinalbin | &M & FFORHED 2 KT 2.

One of the products of the toxic glucosinolates is the thiocyanate ion (SCN"). SCN interferes with
iodine metabolism resulting in thyroid hormone deficiency. Eating plants of the crucifer family such as
cauliflower will result in the production of a limited amount of thiocyanate ion from glucosinolates such
as glucosinalbin.

M D glucosinolates DFEM D — DX FF T VBt A 0 ThHh D, FATT VEREA F 0%
IURRHZHEL, RS Ve ORELGISEZS, WV T7I7UV—DXH07 7778
DY) & B~ % Z & 1Z glucosinalbin.? X 9 72 glucosinolates 7» 5 DR SN E&DOF A4 7 ik
WA T DELEZGIER T,

The glucosinolate glucoraphanin is metabolized to sulforaphane. Sulforaphane is an inducer of phase 2
proteins. One consequence of phase 2 protein induction is an increased ability of cells to scavenge free
radicals and other oxidants. A consequence of decreased oxidant levels is a lower probability of
activation of pathways that lead to inflammation. One such pathway is through activation of a protein
complex such as NFkappaB.

glucosinolate 1. = #17= glucoraphanin i sulforaphane Z {Ci Y & L CrEA3 5, Sulforaphane 1%
phase 2 DX L /X7 B DOFFEHRITIH 5, Phase 2 DX L /7 EOFEOERITMBDO 7 ) —F
ANRMD A X2 D RESE LMD EZEMIE L, XX F LD T
RIEZ 5| S Z TR DOTEMALOIE TIZRiE T2, €DK 9 22§D —-21% NFkappaB @ X 9
B R BEAEEROIEME L ZE L T This,

TASK A. To determine the amount of thiocyanate ion released from cauliflower using a
spectrophotometric assay. (27 marks)
A OHHREFHERAWESICE ST, BV 77300l TF AT VEBEA 4
DEEZRETDHZ L

OBJECTIVE: To use a spectrophotometer to determine how much thiocyanate ion is released
from cauliflower. This assay is based upon the principle that in an acid
environment thiocyanate reacts with Fe** to form a stable Fe’*-SCN red-
coloured complex with a maximum absorption at 447 nm.

Hi): EOL BWDFF T UBBIEA T30 ) 77 0= b T 02 RET 5720125
JNEFF N2 2T 2 &, ZOOHTEIEL, MR T TF A7 U L BOS LT
44Tmm (T KEOCE 2 F5 DR E R DREADE R EZTE T 2 LW O R A B L LT
Wb,

Materials RS
> Eppendorf pipettor: one 20-200 microlitre capacity set to 100 microlitres.
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TNV TENy 100w/ 7l vy X —r@mbHloH, 202007 vl v —h &
HZEMTEDRRINOGDHLD 1EY K

> Eppendorf pipette tips.
TyRXVURLT7EXy hOF v

> Spectrophotometer cuvettes containing 900 microlitres of ferric nitrate reagent — as noted above,
this reagent is in a strong acid.

ERED X O IZHRIE T H D AEERY: 2 $aHE, 900 ~A 7 1 U v ¥ —Z R THIE T&
HF a2y b

CAUTION: The ferric nitrate reagent solution you will be using is dissolved in 1.0 M nitric
acid. Wear gloves and use goggles to protect your eyes before starting the experiment.
R H7el=ME 5 HEESE 2 G ORIKIL 1 EVOMHEBRIZIE N SN TS, EBREMHRD D
ACHRTCOBESFDTOICFRET—TNVEFH LRI,

» Thiocyanate standards in tubes at the following concentrations: 0 micromoles/mL (this is your
blank), 0.1 micromoles/mL, 0.5 micromoles/mL, 1.0 micromoles/mL, 2.0 micromoles/mL and 4.0
micromoles/mL.

UTFICRLERBECT 2a—TICANONTZT A7 VR OERER : 0~ A 7 nE/L
IM(ZAUITF A>T VBEELOHR-07F 7)), 01~A 7 aE/mL, 05~A 7 2E/L
/ImL, 1.0~A 7 2E/LimL, 20~A 7 aE/LimL, ZLTC40~A 7 2E/LimL, » One
tube of filtered cauliflower homogenate. 1.0 g of cauliflower was homogenized and the homogenate
was diluted to a total volume of 4.0 mL water. This is your unknown and you will be  required to
determine how many micromoles of thiocyanate are present in one millilitre of this homogenate.

AV T7TU—% ZEN<HBELTBERKE AR LT DE A —ROREE, 177 A5

D7) 77U — LM S v, BRI IR THARL Taml &L S, 71320
BRI ImN AT~ A 7 BB NDF AT VBREPFAET DO RET D T IR D,

> Use marker pen to label a frosted side of the cuvettes.
FaXy hORHL LIMICHIZ DT 572D~ — I — 1,

» Gloves and protective glasses
FAREPET—T ),

Y EIRSEE AR L, XElEX ) B FA T UEREIMI T AL T U ERIEIRE AR L
=77 7 ik,
» On your bench is a spectrophotometer set to an absorbance of 447 nm.

B2 T= DHLD EIT 447 nm OWSLEE % B D T2 O O NI ER R H 5,

NOTE: Before beginning this task, be sure that you have all the materials listed above. If you do not,
notify a lab assistant by raising your hand.

HE  COBELZBDLENT, DRI ETR LT RXTOMRHH 2 L ZHENDIRE 0,
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Procedure J5#
1. Put on the gloves and the protective glasses.
FREPTHEROT— I N EEFER LRI,

2. To each of the cuvettes containing the ferric nitrate reagent add 100 microliters of each of the
thiocyanate standards. The standards are: 0, 0.5, 1.0, 2.0 and 4.0 micromoles thiocyanate/mL. A
coloured reaction should become visible except for the 0 micromole thiocyanate standard which
serves as your blank. Be sure to label the cuvettes on the frosted surface.

HEREE 2 B2 ANT=F 2 Xy N ENENIC, T4 V7 VR OFEER 2 Z 21 100
v A7l vy E—FMARI, EHERIZ0, 05, 1.0, 20, £LT40~vA 7 2ELDF
FT UEBHEIML TH D, Rl T T 7 ELTHEBELEZOYA V0B DT AT R
WO T Z2RE, BAKSITE CTHRETE 5, ¥a2Xy hOORHE LIZZR > K
2T~V 2 A5 T2 R L7 &,

3. To each of the remaining 3 cuvettes add 100 microlitres of the cauliflower homogenate.
FoTWD3IARDF 2y NENEIIZH Y 77U —lilEEikz 100~ 71l v Z—
IMZ 72 0N,

4. Carefully carry the cuvettes to the spectrophotometer which has been set to absorb at 447 nm. Open
the lid to the light path in the spectrophotometer and insert the 0 micromole thiocyanate/mL standard
(i.e., blank) cuvette. The arrow indicates the light path. Ensure that the wall of the cuvettes through
which the light passes is transparent. Close the lid and push the “set reference” button on the
top right hand of the panel on the spectrophotometer — see the diagram below.

Do not touch any of the other buttons!

WL 447Tnm 12 > P SN TV DR NEFFETHF a2y EEBEERGERN R Z W, 7
KAEFHONBEDLH T OSTZ2HIT, 0~vA 7 aE/L FATT UBEImL OEES
NDOF 2y vty FLARIV, RANTZXOFMEZRLET, ¥y bOFBHRAE
R FBET DL EMENDRIV, STEHD, DIOREFHO RO EOFIOEM D
“setreference” R (TIRLIEMZSR) 2 L3V, fLORFZ i3z &
LR EW,

Set Reference

|

Y

Set
Reference

5. Insert each of the standards and record the reading. Then insert each of the cuvettes containing the
unknown and record the spectrophotometer reading . Leave the cuvettes at the spectrophotometer
and the laboratory assistants will take care of them.

TNENDOEREMER 2 3 YO ERHTE v b L, ORI AR IEZ R L2 SV, RER
DPHRNIRDF 2Ny hENENZDIEICERHTE v b L, S3OLER D383 fE 2 fdk
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6.

7.

8.

9.

L7223V, EFHIANIZF 2y MIZDOE I L TRE RSV, ERIFNLTNDL
g U5 g R

Spectrophotometer reading (absorbance) for each standard: (10 marks)
TNENDAL o F— RO IR R LTcfE (WOLE)
0.5 micromole/mL thiocyanate:
1.0 micromole/mL thiocyanate:
2.0 micromole/mL thiocyanate:
4.0 micromole/mL thiocyanate:

Spectrophotometer reading (absorbance) for the unknown: (4 marks)
RED DL 2NV T AT DWW TN NEF AR LB (ROLE),

1. 2. 3.

Plot, on the graph paper (page 5), the absorbance measurements for your thiocyanate standards
against the concentration (micromoles/mL) of the standards. (6 marks)

BRI DREDTF F T VEEEAEMER DR LTZWE A 5 =D 77 7 Ao RlcE:x
AR SN,

Take the average absorbance of your cauliflower homogenate. (5 marks)
HIRT=DA Y 7 T U —H AR OO 2 KD 7R S0,

ANSWER:

What is the standard deviation of the absorption of the unknown?
IREEDS DS 120 2 TV DO BE DFFER AT NS B2
How many micromoles of thiocyanate are present in 1.0 mL of cauliflower homogenate solution?
This has a value of 5 marks.
BV 77T —HIRREBIE O Iml FIZT A T U DI~ A 7 a B AAFET DD ?

ANSWER:
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2.0

Absorbance

1.0

0.0

W it B

1.0

2.0 3.0
micromoles thiocyanate/mL

~A 7 aE)LFA4TT EREI/ML

4.0
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TASK B. To determine the amount of cauliflower needed to be consumed for it to cause toxic
effects because of the presence of thiocyanate (10 marks)

B, T VT VB OFEIC LV BOER A EE T OICKER Y 7T U —DEE

EREST D &,

Introduction P

The LDs is a toxicology term that describes the dose of a compound that will kill 50% of the animals
tested. In the rat, the LDs of sodium thiocyanate consumed is reported to be 9 millimoles/kg. Using the
data of the experiment you have just performed, calculate how much cauliflower a rat that weighs

500 g would have to eat in a short time to reach the LDsg of thiocyanate.

LDsol il S 78 D 50% 2 BT EMORE 2~ M FOHETH 5, 7 v M TIL,

HEINTT AT T Y U ADLDsldkgdH720 9 I VENLTHD EHEINLTND, H
RIEMB X9 EARVKZTEEROT—X 2 HNT, EX 500907 v KB TF AT VEERIED
LDsolZ BHFFE CEET A 720 EDL WD A ) 77 T —5BREVLENRNH D ONFHE L7 S
AN

Procedure FiE

Circle the letter of the range that best fits your calculated value. Show your calculations on this page.
Continue on the back of this page if necessary.

HRTEOFRE LIEICE > & b IS T 2 Z R L TV OEFITHE DT 7RIV,

@ 1gmto5gm

(b) 50gmto 250 gm
(c) 500gmto1Kkg
(d) 1.5kgto 14 kg

() 15kgto 25Kkg

TASK C. Tointerpret the regulation of gene expression. (15 marks)
M C. Bl rRBLOMH ZHT 52 &

Introduction £

The induction of phase 2 protein gene expression by sulforaphane is initiated by the release of a
transcription factor known as Nrf2 from the cellular cytoskeleton. Nrf2 is normally bound to a protein
known as Keapl. Keapl is anchored to the actin cytoskeleton. Sulforaphane oxidizes thiols (i.e., -SH’s)
on Keapl resulting in the release of Nrf2. Nrf2 then translocates to the nucleus where it dimerizes with
small Maf family proteins. The Nrf2/Maf heterodimer then interacts with the anti-oxidant response
elements in the promoter regions of phase 2 protein genes. This results in increased transcription of
these genes. The consequence of increased phase 2 protein expression is a decrease in the level of
oxidants.
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Sulforaphane |Z & % phase 2 % /X7 B OB FRBELOFHFEIX, MIEHKD Nrf2 &0 ) HRE
K- BEND Z LI X > CTRtA S LD, Nrf2 (3 Keapl & W5 X U X7 EIZREA L TV D,
Keapl 137 7 F B BEHEIZ L o720 EE ST %, Sulforaphane (% Keapl @ F 4 —/LF& (W
PPDH, -SH'S)Z Rt L, Nrf2 @ Keapl 76 D525 &8 279, N2 (ZE~EBEL, £2
THTERO/NSWMaf 77 IV =2 NI B EFEG LT 2&EBEZIKT 5, 2O Nrf2/Maf ~
TuXA~—Tphase2 ¥ NV EBEET DT 0T —HF —ENL CHEME S E SR E A EER T
Do ZHNNINDDOELRTOIEFOHEIMNAZEL, phase 2 & /N7 HORBUEIITA ¥ &
FNOEDOWAZG EiE T,

NFkappaB is a transcription factor complex comprised of two proteins bound to a third protein known as
IkappaB that is normally present in the cytoplasm. The typical NFkappaB complex is comprised of a
p50 protein and a p65 protein that is bound to IkappaB. Activation of NFkappaB involves the
degradation of IkappaB resulting in the p50/p65 heterodimer translocating to the nucleus where it binds
to kappaB elements increasing the transcription of pro-inflammatory genes such as inducible nitric oxide
synthase (iNOS). One indicator of activation of NFkappaB is that the ratio of the p65 to IkappaB
protein increases.

NFkappaB X 2 DD % /X7 E b7 HEEBERFEA KT, @Iz H 5 IkappaB &9
3EFHDOX VNI EIZEEAS LTV D, B 7 NFkappaB #4113 p50 & > /X7 & L p65 ¥ >
PRI EINHIR STV D, P65 ¥ 2 7 B 1 IkappaB (2 &9 %, lkappaB DLz L5
NFkappaB DOiEME(LIE p50/p65 ~7 1 X A ~—DEE~DBEZ 5| X Z L, & Z T p50/p65 ~7
0 XA ~—(% kappaB EHZIZHEE LT, FHEMO—W{LEFRGKEEL(INOS)D X 9 72 RIEMT
HBIL T OIF 2N S H 5, NFkappaB OIEMEL O —>DOFEIEIX IkappaB & > /37 Bk
% p65 ¥ LRI EDLEREDOIINTH 5,

One of the consequences of increased INOS activity is increased production of the nitric oxide free
radical (NO’). Nitric oxide reacts with the superoxide anion (02°) to form peroxynitrous acid.
Peroxynitrous acid is a very strong oxidant.

— WA A REERINOS) DIEVE DN X - T X R Z SN ABRO—DIT—MLER T Y
—Z U HNO)DERIEINTH D, —ILERIT, A—/—FFH% A4 K7 =42 (02.7) &
BOS U, W bAEEE 2 AT 5, M LHMER X, FFFICRWA X HX U R Th D,

Increased oxidant levels often results in activation of NFkappaB while lowering oxidant levels often
results in decreased activation of NFkappaB and, hence, lowered levels of expression of pro-
inflammatory genes. The nitric oxide, that is released by endothelial cells, diffuses to smooth muscle
cells where it causes smooth muscle cells to relax. Hence, nitric oxide is a major regulator of blood
pressure.

FxRH L MEEORIIL UIE LIE NFkappaB OfFEMH L Z8| & L, —FH., AF & b
FE DR T3 LIX Ui NFkappaB OJEMELOIR T 25 & # 2 L, Ko TRIEFHREIEEIR T DIEBL
LAV EIR TS E D, —BEERIINEHIRIC L - T S h, FiEmMiaE citi L, 22
TR OMEZ G| 29, Thl, —BRbERITMEO LM R T TH D,

Procedure FiE

1. Examine the figures provided in each of the following sections.
LLTFOENENDEZ ¥ a V TRRISNDHKE TR 72 I 0,
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2. Using the data presented, identify which data set is derived from animals fed a diet high in
glucoraphanin and provide the basis for your answer.
IRESNDT—HEHEALT, EOF—%%& > b glucoraphanin 232 W& F %2 fIG iz
IICHRT 2NN TR Le SV, LT, HRTZDEZ DI/ o 7B & it
L2y,

SECTION A. (5 marks)

v a A

Below is a figure that gives data on NFkappaB activation in spontaneously hypertensive stroke-prone
(SHRsp) male rats that were fed one of two diets: a control diet or an experimental diet containing
glucoraphanin. In the experimental diet, the animals consumed 10 micromoles glucoraphanin/kg body
weight.

TRLIE. 2 20BFED I HO 1 D& 52 bl BRRIES ILEDOFRIEFHEINMED (SHRsp) KED
Z v kT NFkappaB {EMACICREIT 57 — 2 2 H7- 25X THD : 2 2OBF LI br—L
DOREFE L glucoraphanin ZZ A TWHREBETH D, REBEEIZENT, B3 ke (KEHZY
10 ~A 7 2 /)LD glucoraphanin Z{HE L7,

After several months on these diets, the animals were euthanized, nuclei from the kidneys were isolated
and prepared for SDS polyacrylamide electrophoresis. Following separation of the proteins on the gel,

the proteins were transferred to nitrocellulose membrane and probed with an antibody that recognized

the NFkappaB p65 protein.

IO ORFICET 2H I A%IC, BITLEIE LT, WMﬁ%@#i X C, SDS A Y
T UNT I REKIKENCTHor Sz, 7V ETHE T ERGBEES IR, ¥ N7 EiT=
o — AJEICHERE X F1C, NFkappaB p65 % v /37 B 2 i8ik T A2 PR CiRE I -,

A representative Western blot is shown below (on the left) and next to it is a graph that depicts the
quantification of blots from 5 different animals per diet group.

RFEW T AX Ty MIETFIORENTEY, A, BFEI/L—T12H& 5 LR
DEMYNHIF NN ROYGREZEEL LT T 7 Th 5,

A B a A B

06 i
05
04-
03
02
0.1-
0.0-

NF-KB (D65) =S e
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Answer the following questions:
UTORMBEICEZR RSV,
1. Which group of animals were on the glucoraphanin-containing diet? The group represented by A or
by B?
ED T N—TDEW)H, glucoraphanin Z G A HFHEEZ L TCWZN?2A ZL—7TT ), B
TN—"TTFT N2
ANSWER:

2. Which of the following statements gives the best explanation for your answer? Circle the letter of
that statement.

UTOFEHD > HENR, HiRT-DBEZ DTG TT 2?2 Kl b DO TF%
A THZ R S0,
(@) Less oxidative stress results in less NFkappaB activation and hence less p65 in the nuclei.
L0 D70 bA N LU RIE, KV A7 NFkappaB OFEMEAL &N TO X0 7200 p65 (2
AT %,
(b) Less oxidative stress results in less NFkappaB activation and hence more p65 in the nuclei.
L VD72 EREA b L AKX V720 NFkappaB OFEMEAL SN TO LY £ < @ pb5 Iz
a2,
(c) More oxidative stress results in less NFkappaB activation and hence less p65 in the nuclei.
LV 2L OEA AL, X VA7 NFkappaB OIEPE(L &N TO X0 7200 p65 |2
JwAET 5,
(d) More oxidative stress results in less NFkappaB activation and hence more p65 in the nuclei.
L0 OEA b L AL, X070 NFkappaB OIFMIL E N TO XD %< D p65 I
w5,
(e) More oxidative stress results in more NFkappaB activation and hence more p65 in the nuclei.
KL OBAEA b LRI, £V %\ NFkappaB OIEPEL E RN TO &0 % < D p65 IZ)F
BT D,

SECTION B. (5 marks)

v/ arB

Below is a figure that gives data on a 45 kD nitrosylated protein (N-protein) in the kidneys of male
SHRsp rats that were put on one of three different diets: a diet containing glucoraphanin and two
different control diets.

TEelE. 3ODERLDIEBED I BLD 1 D& 5 2 HIvz HIRISIE & LE O FRVEFHFIED
(SHRsp) HEDF ~ N OB T 45kD D= ra S U b ENT-Z o378 (N-Z 3 7'8) 124
HT —BEEZ DR THD : 3OORF LT L glucoraphanin #H A TV LA & 2 FHO
aryhr—LORETHD,
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45 kD Nitrosylated Protein

Western blot
A B C

S —— — ., N -TOLRIT

MO FENIXAER A X T ay N ThDH, MO FOESITIBE T NL—S|22oF 5 LD
RABLEHYPLOYERAL T ay NCE DAY NOREEELZERIL LI LD TH S,

Answer the following questions:
LIF OREICE 2 &

1. Which of the groups, A, B or C, represent the animals fed a diet containing glucoraphanin?
glucoraphanin # &5 A CWARBEEZ L ST-8MILA, B, COHI L ENNEZ L,

ANSWER:

2. Circle the letter of the statement below that best explains your answer.
TREDFEHD 9 b b HRIZDOEZ T 2DITH L TWD b DD T A I THAL S
AR
(@ More oxidative stress results in more NFkappaB activation that results in more iNOS
expression and more peroxynitrous acid formation and thus more nitrosylation of proteins.
KV ZLS DAL A b LA LD %< D NFkappaB OFEMALZ51EH 9, £ LTI X
0 %< O—F{LEREHERGNOS)DFELE L 2 < ORI EZ SR OIK, £ LT
ZORER, LV DF NI EO=br v bEGIEEZT,
(b) More oxidative stress results in more NFkappaB activation that results in more iNOS
expression and more peroxynitrous acid formation but less nitrosylation of proteins.
F VL DEA B L ALY %< D NFkappaB OiEMHEbz sl 3, £ L TEITX
D %< O—LEFRERBEEFEGNOS)DHEL &L L £ < OB ERZ E MO E 5 &k
ZIHB, K0V nF R EO= br iUk e s EE T,
(c) More oxidative stress results in more NFkappaB activation that results in more iNOS
expression but less peroxynitrous acid formation and thus less nitrosylation of proteins.
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KV ZLS DAL A b LA LD %< D NFkappaB OFEMALZ51EH 9, £ LTI X
D %< O—MLEREEEEFLGNOS)DFEHL & L 0 Dl B b ER 2 B LR OB E L0 4
IRNZ R BED= ha b a gl & 2T,
(d) More oxidative stress results in less NFkappaB activation but results in less iNOS expression
and less peroxynitrous acid formation and thus less nitrosylation of proteins.
F VL DEREA b L AIX LY D720 NFkappaB OiEMAL 25 & 29, £ L TERIT X
DI L E R A IR (NOS) DR BLE L0 D Vil (b BR 2 BB O E LD
IRNZ RO = b )b EE T,
(e) Less oxidative stress results in less NFkappaB activation that results in less INOS expression
and less peroxynitrous acid formation and thus less nitrosylation of proteins.
KO DI AEA b L AT & D D720y NFkappaB OFEMEAL 251 S 29, £ LTI X
0 D7 n—R L ER G IR (NOS) DR EL L L0 DIl b =R 2B L L0 4
IRNZ R BED= ha vkl & 2T,

SECTION C. (marks)

Below is a graph depicting the systolic blood pressures of female SHRsp rats placed on one of two diets,
a control diet and a diet containing glucoraphanin. Animals were placed on these diets at the age of 5
weeks post-natal and blood pressures were monitored from 6 to 19 weeks post-natal.

TR, 2 hr—/LORFEL glucoraphanin ZFH A TWHLERHED I HD EH LA RL-> TV
LMD SHRsp 7 v FOUHEMIEEZR L CW5H 777 ThoD, BIAEZSBEENL ZNHOR
FHEMD L O 2y MmETAER 65 19 g E THIE ST,

20017

w T
| )(_6 ke
! l|| E
150 %ﬁ

1257

I
HeH
o
For
a

Systolic Blood Pressure (mm Hg)

Weeks Postnatal

WLt $41 AR DI

Answer the following questions:
LI OERIZEZ X
1. Which group of animals, A or B, were fed the glucoraphanin-containing diet?
EHE5D0 7 NV—T08W) (AH>B) A, glucoraphanin Z &G ieRBEL 5 2 LIV ?

ANSWER:
2. Circle the letter of the statement below that best explains your answer.
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TROFHEHD I B, BRTEDEZZ oL b L<HHTLLODOLFEITHAL I,
(@) Less oxidative stress results in lower scavenging of nitric oxide. Decreased amounts of
nitric oxide available to vascular smooth muscle results in more vasorelaxation and thus
lower blood pressure.

E VDN ERIEA LR, —BIEEFRO XV DR VWBRELSI SR S, WE
R TE 5 — ﬂxﬂﬁ%%é@{ﬂw\iib&<@m Bkl K0V EZ S &z
—gAO

(b) Less oxidative stress results in higher scavenging of nitric oxide. Decreased amounts of
nitric oxide available to vascular smooth muscle results in less vasorelaxation and thus higher
blood pressure.

FODIRONEEA P L AT, —BEERO I ESOVBREZ G EE T, mE B
MR TE 5 —bEFREORD T L D DI NOMEREE X EmWIEL S &k 27,

(c) Less oxidative stress results in lower scavenging of nitric oxide. Increased amounts of
nitric oxide available to vascular smooth muscle results in more vasorelaxation and thus
lower blood pressure.

L0V OBEA P LRI, —BEERO LD DR nRELSIEE T, mEEE
AR TE S — EMI:%?—%E@E@JD FEVZLOMEREE LR IEZS kD
R

(d) Less oxidative stress results in higher scavenging of nitric oxide. Increased amounts of
nitric oxide available to vascular smooth muscle results in less vasorelaxation and thus higher
blood pressure.

L0V LA P U RIL, —BEERO LI mWEREL SR T, ME iR
PRHTE S — EMI:%?‘%E@&WJD XXV IMERREE XY EWEEZSE T,

(e) Less oxidative stress results in lower scavenging of nitric oxide. Increased amount of nitric
oxide available to vascular smooth muscle results in more vasorelaxation and thus lower
blood pressure.

L0 DIRNERIEA U AT, —BEERO IV RWEREZ G EE T, mE R
BRI TE S — E&%t%%i@iﬁém XLV ZNIMEREE XLV IRWIMEZS &3,

- THE END -
HAVE YOU WRITTEN YOUR STUDENT CODE ON THE FIRST PAGE OF

THIS EXAM BOOKLET AND ON THE TOP OF THE OTHER PAGES?
ZDFEEBRDO/NMEF DA D<= LMD R—= D LD D IRIZDFAEa— FaHEE RS0,
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TASK A. Sequence Confirmation of a cDNA (23 ).
AR A cD N A OHHAEFIRE (15 fi)

Objective: To isolate plasmid DNA containing a cDNA of interest and to
H i determine the sequence of the cDNA.
cDNA 2 & ATR7T A3 K DNA ZHBEL ., EERSIZRET S,

Introduction:

To over-express a gene of interest in a plant or animal you must first isolate the gene of
interest in the form of a cDNA. You have done this and in order to amplify this DNA, you have
cloned it into the pBluescript SK plasmid vector which you have subsequently used to
transform bacteria cells. You must now carry out a quick plasmid preparation to isolate the
plasmid and confirm the sequence of your cDNA insert.

B R T ORRIREIRZ SEL720I2IE, £T cDNAZHEET 22 MLENH D, £ LT

Z @ DNA % HilE4 2 7212, pBluescript SK 77 23X K& WH T X — AL, 7
TV T OMlaEEERT S, 2008 IR OBEI T 7 AI FOREEE 77 A3 FHIC
1A L 7= cDNA O EEBIFIE O 72 D O {H 72 LR TH 5,

Materials EB# 8 - Z2E Quantity
» Bacterial cell culture 4 ml
M O sE 28 17
» 1.5 mL microcentrifuge tubes 5

1.5mL vAM/aFa—7

» Microcentrifuge rack 1
MEEOHT v
» P1000 micropipettor 1

P1000 ~ A 7wty | (200-1000 uL)
» Box of 200-1000 uL pipette tips

P1000 H~A 7 rEXy NHF 7 1
» GET buffer (1.5 mL tube) 0.5mL
GET #&#itk
» 10% Sodium Dodecyl Sulphate (1.5 mL tube) 0.5mL
10% SDS k(1.5 mL F = —7)
» 2 N NaOH (1.5 mL tube) 0.5mL

2N (HE) KEET F D DA
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» 3 M Potassium 5 M Acetate (1.5 mL tube)
5M  EEfE T U U LB
» 95% ethanol (Falcon tube)
95% =X / —)b
> Distilled water (Falcon tube)
ZREK
» Timer
S A~
> Tube labels
Fa—T T~ b
» Marker pen
R A
> Red card
REDI— R
» Garbage (tips & tubes) bag
I (Fv7 Fa—T7H)
» Access to a microcentrifuge
P O
» Access to vortex
ATy (IFH—)

0.5mL

3mL

3mL

NOTE: Before beginning this task, be sure that you have all the materials listed above.

f you do not, raise your RED card to call a lab assistant.
E: ZOEBRETOMMC. BIORSHEERME - REAZERL, b LTRTES
STWRITIE, REDOH— RE T ERYF 2RI,
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Procedure Fik

1. Pipette 1.5 mL of bacterial culture into each of twol.5 mL microcentrifuge tubes.
ME O RRE~A 72Xy hT15mT9o&0D, 2KRKOF=2—7I2W\Wvd,

2. Centrifuge the tubes in a benchtop microcentrifuge for 1 minute - make sure that the
centrifuge rotor is BALANCED.

2ARDTF 2—T7 1 LT L oMELT 5, (EO&HDOR—F—0DNT U ARE
hTW5BZ & 2MERBT 5, )

3. Completely remove and discard back into the overnight tube the growth medium from
each tube.

KT a—T D FEHBEERBROT 2 —7 12T, YR,

4. Add 100 uL of GET (Glucose-EDTA-Tris) buffer pH 7.9 to the cell pellet (no need to
cap the tubes) - vortex vigorously to resuspend the pellet and leave at room
temperature for 5 minutes.

B2 100 1 L O GET #¢fEi 2 z (Fa—T710F% ¥ v 72T H0ETR) | AL

Ty 7 AEMWTHLEY, WERE2FOERE L, 5 0M=ERICKET 5,

5. In a separate 1.5ml microcentrifuge tube , make a combined mixture of 1% SDS and
0.2 N NaOH in water to a final volume of 1 mL.
Bl 1.5ml F = — 7'z, 1% SDS & 0.2 N NaOH OIR&EIE % 1ml 272 %
SR (SRASI AN

6. To each tube from 4. above add 200 uL of this freshly prepared mixture of 1% SDS
and 0.2 N NaOH - cap the tubes and invert 4-5 times.

AD%EF 2—T7121% SDS & 0.2 NNaOH OEAEKZ 200uL Mz, v v 7%
LT4~5m, ETICHEB LR LFEES,

7. Incubate at room temperature for 3 minutes.
=HWIZ 3 oHE<,

8. To each tube add 150 uL 5M KOAc (3 M potassium and 5 M acetate), cap the tubes
and shake briefly by hand to mix.
%F 2—712 150 uL SMEEREH U U LEEE N2 T, Slcxz L, 7 <IC R FICERfE L
IR OIEE D,

9. Incubate at room temperature for 3 minutes.
=HWIZ 3 oHE<,

10. Centrifuge the tubes for 3 minutes - full speed in microcentrifuge - remember to
balance the rotor.

Fa—T% 3MERKEE CELT D, B—F—DNNTF U A LD RNV E

21,
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11.

12.

13.

14.

15.

16.

17.

18.

Label 2 clean microcentrifuge tubes with your 4-digit student code number.
FLVW2ARDF 2 —TIZHRI=D AT OELT S E AT L,

Pipette the supernatant from each of the centrifuged tubes into each of the clean
tubes. Discard the original tube which now contains a white pellet - this is bacterial
chromosomal DNA.

EmOEDET 2—T 0 EELE, Xy Mo TENENHT LT 2 —T 1287,
HEODWERZ G AT i WTF 2 —7 28T 5,
(ZHIFE 7T U T OYta{K DNA TH 5, )

Add 800 uL of 95% ethanol to each tube. Cap the tubes, shake vigorously by hand
for 10 sec and leave on the bench for 10 minutes.

12DF 2—712800uL D 5%~ ¥ /) —/L &Nz, FTa—T DX v v 7% L TI0»
M, FEESTHLIIED, EREo LICES, 10 0ME0EFITT 5,

Centrifuge the tubes for 5 minutes - full speed in microcentrifuge.
T 2 — 7 & i d VT 5 o, mRKEE LT 5,

Pour off the supernatant from each tube, cap the tube and raise your RED card.
BTF a—To ERBEZIETER, Ty v 72D, READOH— R rIv,

The lab assistant will check your pellet (10marks for a white pellet).
FERTFR STz SR L ET,  (AEaEIZR LT 10 R)

The lab assistant will then give you the sequence trace for your plasmid and cDNA.
The cDNA was sequenced from the T, promoter.

D%, FEBRBIFENCDNAZ GATE T T A ROBEIERY /AT 5, cDNAIZT, 7
1 E— =) bR RS DR S T,

Check your sequence (starting at nucleotide 21) against that for the pBluescript

vector and answer the questions on page 5..

pBluescript O FEELS & pBluescript <7 % —NIZdH 5 & 72 7= O IEELY| T — # (21
BHOX I VFF R AZ— T 5)2H L, 5 _X—YOEMICE xS,
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PLASMID MAP AND MULTIPLE CLONING SITE SEQUENCE FOR pBLUESCRIPT

— [f1 () ori

ompicillinl’" lacZ

Kpn |

hﬂ(:S B ra—=17

pBluescript SK-

HBAL
Sac |

-y 3.0 kb
\

pUC o{riJ

77 A X KN pBLUESCRIPT O#I[REERHI L EE 7 v — =1 F AL DI IEELF

pBluescript SK (+/-) Multiple Cloning Site Region
(sequence shown 601-826)

Apa | Hinc Il
EcoO109 | Accl
17 Promoler e 'll(pn | Ii)m Il Xho | Sal |
| L
TTGTAMACGAGGGCGAGTFMTTGTMTACGACTCACTﬁTAGGGCGMTTGGGTACCGGGCCCCCCCTCGAGGTCGACGGT i
M13 -20 primer binding site T7 primer binding site o KS primer binding site...
Bsp106 | Mot |
[Ijlu | l-llind i flmk " ||:—cDR | Il’si | ?mu | ?an | ?pe | Tbo | Eog | ?sﬁ( | lSa(_ Il lSuc |
. .ATCGATMGCTTGATATCGAATTCCTGCAGCCCGGGGf)ATCCAGTAGTTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCR. g
...KS primer binding site 5K primer binding site
T3 70 0E—4—
P T3 Promoter 3-gal o-fragment

B |
.. .GCTTTTGTTCCCTTTAGTGAGGGTTAATTTCGAGCTTGGCGTAATCATGGTCATAGCTGTTTCC

<«

T3 primer binding site “M13 Reverse primer binding site
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Genetics Lab Exam

Questions (13marks)
i (13 45)

1. The enzyme site into which you cloned your fragment of DNA is .
I m—= 7 Licd727- 0 DNA WA 13 E O IREER IR S fzns 2

NOTE: The first letter of the enzyme’s name is located above the first nucleotide of its
recognition sequence. ( 5 marks).
HE A4 DI AT O 3L DONLIE 7S DTN D T N HEHAANALE L T 5,

sequence) . (2 marks)

(5 5)

2. List the first 20 nucleotides of your fragment of DNA (not including restriction site

DNA Wr i O #]D 20 X 7 L AT RER L7 SUWN (7272 LHIBREEREALIZE D720,
(2 &)

10

11

12

13

14

15

16

17

18

19

20

Nucleotide
L

3. Find the first start codon, using the genetic code table provided on page 6, and starting
with the start codon, translate the first 21 nucleotides into their appropriate amino acids.

(4 marks)

RADOPE=a Rz Ao, 6 =YD= FUREMW, Bllaa FUnbifd T &)

D21 X7 LAF REwmte7 2 BESNCERE L, (4.5)
XTI JBITNV T 7Ry FTELZE,
start codon
Amino acid
VA3
1|12 |3 |4 |5|6 |7 |8 |9 10|11 |12 |13 |14 |15 |16 |17 |18 |19 |20 |21

nucleotide

4. (a) If the nucleotide at position 13 was mutated to an ‘A’, what would be the

corresponding amino acid? (1 mark)
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@b L., 13FEHDX T LATF R AZGBRER LT5E. S5 7 2/ BESII
57502 (1)

(b). If the nucleotide at position 14 was mutated to an ‘A’, what would be the
corresponding amino acid? (1 mark)

HL, MEFEHOXZ UAF RN AIZERER LIGE, 67567 2 7 BESNLE D
A2 (18)
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GENETIC CODE TABLE= K&

This table shows the 64 codons and the amino acid each codon codes for. The direction is 5' to 3'.
ZOKFOADA R EXTNENA—FTHT I/ BERL TS, HHIEEt03DMETHD,

1st
base

UUA (Leu/L)Leucine
UUG (Leu/L)Leucine

UCA (Ser/S)Serine
UCG (Ser/S)Serine

UAA Ochre (Stop)
UAG Amber (Stop)

2nd base
U C A G
UUU (Phe/F)Phenylalanine |UCU (Ser/S)Serine UAU (Tyr/Y)Tyrosine UGU (Cys/C)Cysteine
UUC (Phe/F)Phenylalanine |UCC (Ser/S)Serine UAC (Tyr/Y)Tyrosine UGC (Cys/C)Cysteine

UGA Opal (Stop)
UGG (Trp/W)Tryptophan

CUU (Leu/L)Leucine
CUC (Leu/L)Leucine
CUA (Leu/L)Leucine
CUG (Leu/L)Leucine

CCU (Pro/P)Proline
CCC (Pro/P)Proline
CCA (Pro/P)Proline
CCG (Pro/P)Proline

CAU (His/H)Histidine
CAC (His/H)Histidine
CAA (GIn/Q)Glutamine
CAG (GIn/Q)Glutamine

CGU (Arg/R)Arginine
CGC (Arg/R)Arginine
CGA (Arg/R)Arginine
CGG (Arg/R)Arginine

AUU (lle/)Isoleucine
AUC (lle/)Isoleucine
AUA (lle/l)Isoleucine
AUG (Met/M)Methionine

ACU (Thr/T)Threonine
ACC (Thr/T)Threonine
ACA (Thr/T)Threonine
ACG (Thr/T)Threonine

AAU (Asn/N)Asparagine
AAC (Asn/N)Asparagine
AAA (Lys/K)Lysine
AAG (Lys/K)Lysine

AGU (Ser/S)Serine
AGC (Ser/S)Serine
AGA (Arg/R)Arginine
AGG (Arg/R)Arginine

GUU (Val/V)Vvaline
GUC (Val/V)Vvaline
GUA (Vval/V)Valine
GUG (Vval/V)Valine

GCU (Ala/A)Alanine
GCC (Ala/A)Alanine
GCA (Ala/A)Alanine
GCG (Ala/A)Alanine

GAU (Asp/D)Aspartic acid
GAC (Asp/D)Aspartic acid
GAA (Glu/E)Glutamic acid
GAG (GIu/E)Glutamic acid

GGU (Gly/G)Glycine
GGC (Gly/G)Glycine
GGA (Gly/G)Glycine
GGG (Gly/G)Glycine
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Task B. Genetic Control of Seed Coat Colour and Seed Shape in

Beans (20 marks)
HRZ O & A DY DO BAR T K 5 il (204)

Material
» 1 plastic bag containing flat red parent beans-DO NOT OPEN

Wtz ROV TN A TWD E=— L RITBT 22 L)
» 1 plastic bag containing round red parent beans-DO NOT OPEN
AL HRVEHT R A TS E=— L REIIE T RV &)
» 1 plastic bag containing F; seeds (flat yellow) from the cross between the parent
beans-DO NOT OPEN (#¥1XB i} a2 &)
HUR T A2 LR CERWER) DTN A->TVHE=— L&
» 1 plastic bag of F2 bean seeds (representing 250 F, plants)
-THIS BAG MY BE OPENED
FoD & % AT B =— 48 F2 250
BWZETTHRY)

To help you answer the questions below, fill in the following table:
UTOERMZHRTIENEZD ETOHA RIZRD X, TORDZEMEID 2 S0

Seed shape Seed coat colour
RO R D,
Generation
(round or flat) (yellow or red)
D WDIEFES (B d D UNTIR)

Parentl (H#1)

Parent2 (H 2) |

F, from a cross between these two parents
(ZNHDBOREMNSEDF1)

Answer the following questions.
LITOERIZEZ X

1. Is the seed coat colour controlled by (circle one)
R OEIIMN SDOBIET- Lo THMEIi S THWD0?2 (L2 hZEfT &)
(i) one gene
1 >DEALT-

(i) more than one gene? (1 mark)
2 O EDEET (1 5)
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2. a) Red seed coat colour is (circle one) (2 mark)

FRWFER T ? (LI LEAT T K)

() dominant &k
(i) partially dominant  F853 72 M
(i) recessive %k (1)

b) Round seed shape is (circle one) FLWFEFDOFIL? (L O HEIT L)

() dominant &M
(i) partially dominant #4589 72 g
(i) recessive 1 (1.5)

3. (a) There are four phenotypes in your sample of F, seeds. Classify the seeds into these
phenotypic classes and write the number of each phenotype in the table below.
(2 marks)
F2oH% 7 (39 I3 4-50RBBH L, ZNHOTERBMILITHT, £
NETNDOEZEFK 2 ITRAE X,

Number of seeds
Phenotype (FIHAEY)

D
(seed colour/ seed shape)
. (= number of F, plants)
O - B0 .
F2 O

round, red (3L * 7R)

flat, red (CE5 - 7R)

round, yellow (3L - )

flat, yellow (F5 -+ 3%)

Total (3F)

Use these F2 segregation data to answer the following questions:
TICHE < B OMEIZZ NS OF, 3BT — 2 ZFH L7 Z 0,

4. (a) From your data, how many genes control seed shape? (2 mark)
WS ODOBRTF BT OB AZ B L T D02 (1 5)




Genetics Lab Exam STUDENT CODE 12

(b) How many round beans and how many flat ones would you expect in a population this
size? (2 marks)

Z OV A ZOEEREE (250 fHK) I2BWTIERHOERNL DH D | ESR TN D
H5HETERINDN?

ROUND (3) FLAT (°F)

(2 %)

(c) Is this segregation ratio significantly different from the observed ratio (circle one)?
ZOTERENDDHHITBEINTEE E RESE R (EH060ITHET
)

YES NO (1 5)
EYA AIAY-4
And what is the probability?
ZLTEDOMRIZIED L DI 2(TOREHNTEX L, )
(3.7)
5. (a) How many genes control red seed coat colour? (1 mark)
IRWELRZ 2 3B 3 2 BAR 13N <D0 2 (1 47)

(b) How many red beans and how many yellow beans would you expect in a population

this size?

Z DY A XOEEEE (250 HR) ICRBWTHRWE L EAWTIIWS 255 LTSN
BHIN?

R 7 (3 /)

(c) Is this segregation ratio significantly different from the observed ratio? (circle one)
ZORBEHITBIR SN TERIG L RESBRRDL02 EBLENIHETIT &

YES NO (1 )
=4 A\AY-a
And what is the probability? (3marks)
ZLTCEDOERIIED L DITRDN? (3 K)

Chi-square Distribution #A 2 R4

Probability #es

df 0.95 0.90 0.80 0.70 0.50 0.30 0.20 0.10 0.05 0.01 | 0.001

1 0.004 | 0.02 0.06 0.15 0.46 1.07 1.64 271 3.84 6.64 | 10.83

2 0.10 0.21 0.45 0.71 1.39 2.41 3.22 4.60 5.99 9.21 | 13.82
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3 0.35 0.58 1.01 1.42 2.37 3.66 4.64 6.25 7.82 | 11.34 | 16.27

4 0.71 1.06 1.65 2.20 3.36 4.88 5.99 7.78 9.49 | 13.28 | 18.47

- THE END —

HAVE YOU WRITTEN YOUR 4-DIGIT STUDENT CODE ON THE TOP OF EACH
PAGE?

AMTDEREBESEEN—VDERIZEE T LM



	Canada_Practical_1
	Canada_Practical_2
	Canada_Practical_3
	PRACTICAL EXAMINATION 3 
	   ANSWER: _______________________ 
	 


	Canada_Practical_4
	GENETIC CODE TABLEコドン表


