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Dear Participants € %7

¢ You have a total of 120 minutes for answering Part A.
a8 120 7’}%]"3‘%* o

e The questions in Part A have only one correct answer. Mark the correct
answer with ‘X’ on the Answer Sheet, which is provided separately. The
correct way of marking the cross is shown below. Use a dark pencil to mark
your answers.
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e The answers written in the Question Paper will not be evaluated.
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e Mark your answers clearly. Avoid any corrections in the Answer Sheet.
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attempt these questions. Also, read the question completely before
attempting it as some questions may continue from one page to the next.
GER UE RS E R IR ﬁ%% I’EFAT" REER -5 ﬁ%?‘fﬂ‘?@#ﬁ °
The maximum number of points is 61.

TREEA 61
Your Answer Sheets will be collected at the end of the examination.

B T R g R

Good Luck!! FRIFiE

Country:

First name:

Middle name:

Family name:
Student Code:




IBO — 2008
INDIA
THEORETICAL TEST — PART A

PART A
CELL BIOLOGY (13 points) 5@ (13 53)

1. (1 point) The central dogma originally proposed by Francis Crick has seen
changes reflecting new insights obtained from time to time. Which one of the
following schematics correctly depicts our current understanding of the
replication of genetic material and the “flow of information” in biological
systems?

(1 57) fhi=35f% (central dogma) f&fi' [l Francis Crick i1} - ™~ H ?{Fjif_—f‘g'
[ 525 25 56 (PR R L s 9

. 0 O

7\ Va
Clon 7N Co 7\

RNA RNA

/
Clows 7\ Coon /N
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2. (1 point) In an experiment, mice were injected intravenously with uniformly
labeled [**C] — glucose. The molecules in the body where the **C would be
found are:

(L53) WEREl1 T B VIR 1) O ORI < i T @l
(e T pl ekl

a. essential amino acids and proteins.
“ﬁfﬁ%ﬁi PR S 18T

b. lipids and all vitamins.

c. proteins and lipids.
E?EI’ET%‘?’%E’E’T

d. proteins and all vitamins.
] BT g
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3. (1 point) The following schematics depict the orientation of F1Fo-ATPase
along with the direction of H*-transport and ATP synthesis/hydrolysis.
s+ &;ﬁ[ FIFrhe s ORLE | [%%J FiFo-ATPase f[1 H" ;EB‘ETB [HETI ATP 7 F' /<
i G S

H*
Acidic
' 1|

Alkaline }%

ATP ¥ ADP, Pi

H+
Acidic
] 1|

Alkaline }Z

ATP Y ADP, Pi

Hd-
Acidic Y

Alkaline ;z

ATP ADP, Pi

Of the above schematics,

a. Only | is correct. PUE] 1 T

b. Only Il is correct. F,J?J Il }’p’fg’

c. Only lll is correct. FIE gl }’p”e

d. Both | and Il are correct. =2 11 L i
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4. (1 point) A given DNA sample has 60% purines. The source of this DNA is
most likely to be:
(1 57) 7~ A4 49 DNA HIF’TEJ 60% E{ivpgipﬁ » [~ DNA i’ ﬁ‘:ﬁa’l F ISR
(REEXZE

a. aeukaryotic cell.
EE YRR

b. a bacterial cell.
Af TR

c. a bacteriophage with double-stranded DNA.
]l DNA AR

d. a bacteriophage with single-stranded DNA.

17 DNA [ 88)
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5. (1 point) The stage of cell division shown in the figure below represents:

(L 53) PISBA0 53 Y- [ E0 Ye B AS

a. Meiotic metaphase | withn =4
VST I 1 n=4

b. Meiotic metaphase Il withn =4
VEEE S EE > n=4

c. Meiotic metaphase Il withn =8
VR E - n=8

d. Meiotic metaphase | withn =2
CSEIE IS
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6. (1 point) Polymerase Chain Reaction (PCR) is a technique for rapid
amplification of DNA segments. If you are given double-stranded DNA with
appropriate forward and reverse primers as shown in the figure below, the
minimum number of cycles you will require to obtain at least one copy of the
desired fragment PQ, as dsDNA without overhangs, will be:

(1 53) PCR .- fgj'r"i'lﬁ{iﬁ["ﬁtg DNA P o ki 115 /1S5 DNA =23
HEOL SRS G » R TR dSDNA IR » = DRI 7D
[V PCR Yt f o — [[d = Friy PQ A F

P

5

l

3

40

Qo o w
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o o o p

(1 point) Which of the primer pairs is the correct one to amplify the gene

sequence below with PCR?

(153) I') PCR dkaeler 101 > 9 [~ A i HIgE ?

5'-GCGTTGACGGTATCAAAACGTTAT... ... TTTACCTGGTGGGCTGTTCTAATC-3

5-GCGTTGACGGTATCA-3 and 5-TGGGCTGTTCTAATC-3’
5-CGCAACTGCCATAGT-3 and 5-TGGGCTGTTCTAATC-3’
5-GCGTTGACGGTATCA-3 and 5-GATTAGAACAGCCCA-3
5-TGATACCGTCAACGC-3 and 5-GATTAGAACAGCCCA-3

10
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a0 T W

(1 point) Equimolar concentrations of urea, ethyl urea, and dimethyl urea
were separately added to a suspension of red blood cells (RBC). The relative

rates of diffusion of these molecules into RBCs will be:

(L3R 2 R Vs (1. Urea) » ¢4l ik (2. Ethyl urea) == 151 itk
(3. Dimethyl urea) 53 Y[ ™ 37 SFREFAR T o P DT TRE 7 R SRR
S 7 T

0] 0] (0]

1 I |
H2N—C—NH2 H2N =C=NH- CH2— CH3 HSC—HN—C = NH —CH3
1. Urea 2. Ethyl urea 3. Dimethyl urea
1>2>3
1>2=3
3>2>1
3=2>1

11
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9. (1 point) A region of a double-stranded DNA is represented in the following
schematic and the hyphens denote sequences of unspecified lengths:
(157) F~ 7% DNA A R &,‘-4]“:’[’?% s

5/ ————GACTAG |GACTA-—-———- GTACA [TGCTA----3'
3/’ —==-CTGATC |CTGAT------ CATGT |ACGAT----5"'

The region of DNA enclosed within the box undergoes inversion. Which

one of the following correctly depicts the above DNA after inversion?
REFIELE 5§ (inversion) YT, i ﬁ%ﬁﬂ* S & B LAY 6 SR N 2

a. 5’ -—--GACTAG ACATG------ ATCAG TGCTA----3'
3’ ===-CTGATC [TGTAC------ TAGTC |ACGAT----5"
b. °'----GACTAG ATCAG------ ACATG TGCTA--—--3'
3’ ==--CTGATC [TAGTC------ TGTAC |ACGAT----5"
c. 5'----GACTAG |TGTAC------ TAGTC TGCTA----3'
3’ -——--CTGATC ACATG------ ATCAG |ACGAT----5'
d S5'----GACTAG CTGAT------ CATGT [TGCTA----3"
3’ ———-CTGATC |GACTA---—- -GTACA |ACGAT----5'

12
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10. (1 point) A rare genetic disease is characterized by immuno-deficiency,
developmental and growth delay, and microcephaly. Suppose you extract
DNA from a patient with this syndrome and find almost equal quantities of
long and very short DNA strands, which enzyme is likely to be defective in
this patient?

(1 53) ¥y~ FEZ ARsE RS > R AR BB ST ST AR E”ﬁ
Ep R EEAY DNA > SR VR A B Eﬁjf@ﬁ” DNA 5 F& - %F} T E
=i Ml 2

a. DNA ligase
DNA # 7%

b. Topoisomerase
R

c. DNA polymerase
DNA %?éﬁﬁz

d. Helicase

e

13
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11.(1 point) A scientist has suggested that a homolactic fermenting organism
grows anaerobically on glycerol 3-phosphate as the sole source of carbon,
exclusively using the following pathway:

(1 57) RIS G- 7RISR E P 528 %+ < glycerol-3-
phosphate (G3P) L&~ fulizyf - 1) = T?fﬂJ“ &E‘aﬁ'ﬁf R B o
Glycerol 3-phosphate
NAD* Lactate
F NADH t"‘m
NADH
Pyruvate

l" NAL® ATP
> NADH t»
b 0P

Glyceraldehyde 3-phosphate

1,3-Bisphosphoglycerate Phosphoenolpyruvate
.""
Ah‘ 3-Phosphoglycerate **
ATP

However, the scientific community rejected this suggestion because:
‘%‘j;pjilw’@?ﬁg ﬁgz[pl ) WTJ[H L e Fu@pl
a. the number of ATP molecules produced is insufficient to support growth.
ATP 1% 2 e} 1] gt Rt
b. the number of NAD" that are reduced is not same as the number of NADH
that are oxidized in the pathway.
[REBHEE 1 NAD™ fi} SR T EHC NADH g (5
c. the carbon source is not as reduced as glucose and hence, cannot support
growth.
BRI SRS BB - PP fiEi £ R
d. the number of negative charges on lactic acid (which is being produced) is not
the same as that on glycerol 3-phosphate (which is being consumed).

oL I 0T TR P3G 1R

14
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12. (1 point) The growth curve of a bacterial culture grown in a rich medium at
37°C is shown in Figure A. The same organism when exposed to 45°C for 30
min and then inoculated into a rich medium at 37°C, exhibited a growth curve
shown in Figure B.

(153) &aﬁ' A FLAf AT 37°C Ay ng? RSk o Q%ﬂ B LAt A B2 E] 45°C if‘Fﬁ
# 30 38 » FFE[pI 37°C T Kl e

Turbidity
(F4iE )
ODGOO

—
Time (hours) Time (hours)

R ) R )

15
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Which of the following statements is most likely to explain the growth pattern in
Figure B?
iR H R B o A 2

a. Heat kills the original bacterial population and the growth pattern observed is
due to a contaminating bacterial strain.
f?iﬁ@ﬁ”ﬁﬁﬁﬁ%ﬁ TR > =y B A

b. Heat causes growth arrest at a particular stage, thereby synchronizing cells
and resulting in all cells dividing at the same time.
B % SR BIAOREES » USROG PO
EREEREE

c. Heat exposure alters surface properties of cells causing errors in turbidity

measurements
EIRAIA T [ B W -

d. The increase in turbidity is not due to growth but caused by increasing lysis of
heat-treated cells with time.
TR LA AL A S R I RLEEGE P o TR GRS -

16
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13. (1 point) Absorption of a drug in the gastro-intestinal tract depends on a
number of factors. Penicillin V, whose structure is shown below, is a weak
acid (pKa = 2.7). The pH in stomach is about 2.0 and that in the intestine is
7.5. Most of the drug is absorbed in the intestine.

@aj)e nff 2K %’AE{%%B%%& EF 'ﬁgiﬁﬁ [FUpRs o qgﬁl g@ﬂguﬁ[ﬁ \Vj F[%J,;ﬁif%
0 F) S P (Ka=2.7) » B pH %G 2.0+ BRIE 7.5 - Bk

Iﬁﬂn 'F'T C AR LI o

SPNLPY
O X

17
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Choose the most likely reason for this from the following statements:

Bl TR

a. The molecule of drug being hydrophobic in nature passes through gastric and
intestinal membranes to a very small extent. However, because of the much
greater surface area in the intestine, the major quantity of the drug is
absorbed here.

SEPIRLASERY > LRSS R ARG > [N R g o

b. The un-ionized form of the drug prevails in stomach, which slows down its
absorption. Hence, the drug gets preferentially absorbed in the intestine.
FEPIE Y72 Rl ERREET (Y20 o I BRRE X o [P R (R L
I o

c. The ionized form of the drug prevails in the intestine which hinders/slows
down its absorption. However, owing to the large surface area available in the
intestine, the drug is absorbed mainly here.

REE S f R EREES [T WIF{ = B TR IS o (ELRLET B
ORI T B T T T R

d. Due to rapid churning movement and the low pH in the stomach, the drug is
completely broken down into smaller fragments, which are subsequently
absorbed in the intestine.

[V I PRLPIER - S (o T ey | A B o 0 B Rl -

18
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PLANT SCIENCES (9 points) f@#4#[is}
14. (1 point) Which of the following will harm a dicotyledonous plant the most?
h ?/IJEF*EE&“E?E‘%%;’@EH”UT%%E %7
Removal of the central pith %B@f[[iﬁ’v?ﬁ
Removal of the cork #2[i& 4 =gt
Removal of the bark #2[#& H A

Removal of the cork cambium F2fi= 7 f=55 e

o T ®

Q

19
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15. (1 point) The transverse sections of the leaves A and B given below represent,
respectively: 53 EEAETY AZE B VB A AT BRI SR LR 2

a xerophyte and a mesophyte. f! % =21 % f %

a xerophyte and a floating hydrophyte. ! % == -« %< & {2

a floating hydrophyte and a submerged hydrophyte. 17 7<=y {4 % fg 1
a submerged hydrophyte and a xerophyte. jr~f<{%~< 4 ==Ll % ﬁ[f[rfu

o T @

o

20
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16. (1 point) Certain plant species such as Red Oak (Quercus rubra) can tolerate
severe drought over a long period of time without affecting its photosynthesis.

Which of the following adaptations is likely to contribute to this ability?
AR M (Quercus rubra) it = SO By HiZ R ) Y A f, (EH]
I R S L e 1 2

a. Stomatal closure
52

b. Large negative leaf water potential
B S e

c. Bundle sheath cells with chloroplasts (Kranz leaf anatomy)
STV R (CAE )

d. Fibrous root system that increases root surface area
SRANE T TRy e

21
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17.(1 point) The net assimilation of CO, of a plant is 0.5 moles when illuminated
during the day. The net consumption of O is 0.12 moles during the night.
Assuming that all the gas exchange is due to photosynthesis and respiration
of the biomass (equivalent molecular mass of 30), what is the net production
or consumption of biomass in grams during a complete 12 h day:12 h night
diurnal cycle?

TEFIRA P S AEPIAY COL I BT EE 0.5 FLE' 5 7 TRl - O33R £l L
O.12 BA=" = [T |10 50 i 4B 2 A (R [y [0 1 g (AP 55 =7
B30 VBl ) o SRR SOUHBIERE 2] 12 1 (b 12 )

R Z SN ER: S5 R R

3.6¢
789
11.4 g
1509

a0 T W

22
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18. (1 point) Choose the figure that correctly represents the photosynthetic

efficiencies of C3 and C4 plants. ™ [ H i

2 J;«s@{xqﬁ[ 2

B
Rate of photosynthesis per unit leaf area

=1
= 1% 50% 100%
Sunlight
0°C
25°C
40°C
C.
®
o
5 Co .
= E et
= 3 /.
Eg ’ S
= [72]
& 2
e §
2
-8
5 1% 50% 100%
% Sunlight
e >
0'C
25°C
40°C

23

N

LE e

7.
T

]

1603 PR A (5

Rate of photosynthesis per unit leaf area o

R FL‘I I,EE'J}EE#

Rate of photosynthesis per unit leaf area

IR R C =2 CafIpuk f[ f

=

C,
C3
II
1% 50% 100%
Sunlight
0C
25°C
40°C
CB
C,
1% 50% 100%
Sunlight
0C
25°C
40°C



IBO — 2008
INDIA
THEORETICAL TEST — PART A

19. (1 point) Plant chloroplasts are believed to have evolved from cyanobacteria-
like progenitors through endosymbiosis. Which of the following statements
support this hypothesis? %E?{?Jt'r@f}ﬂp YR f L A e A
FU OSERET {0 e o N IPRLSRSE L R B ?

I. Chloroplasts and cyanobacteria share similar photosynthetic pigments and
thylakoid membranes.
BB R ST TP 5 2503k BT
II. Cyanobacteria exhibit an oxygenic photosynthesis.
Pt AL E 7 S iﬁ (B
lll. Chloroplasts are maternally inherited.
IV. Chloroplasts have their own DNA and ribosomes.
il ,?ﬁ;?g“ﬁ B> EJ/EIGJDNAEW*%EE
V. Viable chloroplasts can be isolated from cells but cannot be cultured in
vitro.
SUF IR AR OISR D ([ Rt
VI. Prokaryotic genes express well in chloroplasts.

%ﬁﬁ'HlFUWﬁﬁlﬁdﬂ‘}ﬁ' *IH

a. I, 1, 1vVandV
b. I, 1I, 1V and VI
c. L1, NlandV

d. 1,1V, Vand VI

24
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20. (1 point) Powdery mildew is a plant disease caused by an ectoparasitic

fungus. The fungal infection can spread to neighboring host cells in the
following ways: £} J;{rg%@fﬁfi[ﬂ FE ) 2 iE EREIEENTRE ug‘:llaﬂ U r[J
= A V] A

Conidiophore = —» Conldla—> Germination

R K RS / F& 33

Germ tube Hypha.
;?ﬁ?f Idfl'l'l

Ascospore & &#7§ "
@ Ascogonia

Antheridia szt ’ﬁﬁfrﬁzﬁ

B Plasmogamy “Lifﬁﬁﬁ{i[
Karyogamy i £ i

The ploidy levels of the structures Q, R and S are, respectively:

[F"I'H fYQ,R* S %ﬁiﬁ;’/z\“cﬁ'@géﬁifﬁ HIEE 2

a. 2n,n,n
b. n,n,n
C. 2n,n,2n

d. n,n, 2n

25
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21. (1 point) A few characteristics of photoautotrophs are tabulated below.
ARG L A (R R o B

Group | Light compensation point | Light saturation point | CO, compensation
(Klux units) (klux units) point (ppm)
AR A BIFE CO; By

I 1-3 > 80 0

Il 1-2 50 -80 > 40

1 0.2-0.5 5-10 > 40

v Data not available 1-2 Data not available

The four groups (I —1V) represent, respectively:

R RS OIES - [ T ?

IV: Shade-loving C3 plants

a. I: C4 plants [I: Sun-loving C3 plants
C47FEJ:P’J Bﬁlﬁr C3ﬁﬁ@
[ll: Shade-loving C3 plants IV: Deep-sea algae
b Coft Y
b. I: Sun-loving C3 plants [I: Shade-loving C; plants
W1 Catiis & Cafits
I: C3 plants IV: Bryophytes
CaftiPs e
C. I: C4 plants [I: Bryophytes
Caffif HF A
[ll: Sun-loving C3 plants
1% Caff 1% Cafpit
d. I: C4 plants [I: Sun-loving C3 plants
Cotp P [ 1% Catt
lll: Deep-sea algae IV: Bryophytes
ViV T HeF A

26
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22.(1 point) The stem of a lily plant was placed in water tinted with red ink to
monitor the movement of water through it. Two transverse sections of stems

are given below. In which of the labeled structures would you expect the red
color? Fi Fﬁ@#’oﬁ@g« T AR T :T;tf:?F'fiﬁ(H[E[fj%Em‘[ﬁﬁ/é ,
SR PR PR R T S S

[
71 !

® 20 T p
moo w >

27
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ANIMAL SCIENCES (11 points) E#$78% (11 57)

23.(1 point) A few intact skeletons of birds were found during a field trip to the
Pampas in Argentina. In all the skeletons examined, the sternum lacked a

keel bone. These skeletons most likely belonged to:
ARG SRR A » RIS B TR - T T g
H o DR R G T H R 2

a. terrestrial birds capable of short and powerful flight.
= (B E TR 2 R

b. flightless aquatic birds.
TR Fg

c. insectivorous flying birds.
Pz fp T;’j TR ELEH

d. flightless terrestrial birds.

T AR A

28
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24.(1 point) Which one of the following is a feature of a heterothermic endotherm?

IR RLENEEI T R AR Y

a. Its body temperature can vary, but it produces heat from its own tissues.
’ﬁ%}iﬂﬁ@]’“’  (ETEE TSRt s AR

b. Its body temperature varies because it gains most of the heat from sources
outside its body.
?Eiﬁﬁﬁ%’"f“‘ > 2 RN ELH TR Y TR

c. Its body temperature does not vary because it produces heat from its own
tissues.
?EHELT%’?@[’" » PELFE LSRRt s & 2 gl

d. Its body temperature does not vary even though it gains heat from sources
outside its body.
PRAE T hﬁ%‘“f = AR R PR

29
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25. (1 point) Which of the following will be an advantage of breathing in air over

breathing in water?

I. As air is less dense than water, less energy is required to move air over
respiratory surfaces.

II. Oxygen diffuse s faster through air than it does through water.

[ll. The oxygen content of air is greater than that of an equal volume of water.

IR e e R PR O R 2

| PRI S THE Pl o 2 RO A LA R D

I S0 5= el

M. 2 S5 FA',E B‘L(ﬁjﬁgﬁﬁpfﬁkfggj

a. Only land Il FUE AT
b. Only I and llI FUEP AN
c. Onlylland il FIEp 1L A
d. I, 1land Il

30
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26. (1 point) Which characteristics would allow you to declare an organism found
on a beach as an echinoderm?
AL A Va3 P P

a. Radially symmetric adults with presence of spines and tube feet.
SRR o RIS E I

b. Radially symmetric adults with dorsal hollow notochord.
%Eﬁ%ﬁﬁ ’ E‘}FFE‘FT?Z[B’EJ il @h‘pfj?ﬂg

c. Exoskeleton with pharyngeal gill-slits and tube feet.
SUE PR IR R

d. Radially symmetric adults with mantle cavity.

TR - SIS E 9 R

31
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27.(1 point) In an individual X, the pituitary gland was found to function normally
while the adrenal glands were atrophied. In another individual Y, both the
pituitary and adrenal glands were found to be underdeveloped. If
adrenocorticotropic hormone (ACTH) is administered to these individuals as a
remedial measure, it will be effective in:

(it X T PR (T R R S T Y TR R R e 2
UG LR Sk (ACTH) R o S50 7 952

a. individual X alone. Azl XE 3%
b. individual Y alone. EJ%]’[E'?E} YEF
c. both XandY. ;’é’ﬁ[ﬁﬁgxwYﬁjéj%
d. neither X nor Y. ’%ﬂ‘[’[EVﬁEXEYfQ%}%F

32



IBO — 2008
INDIA
THEORETICAL TEST — PART A

28. (1 point) Which of the following are associated with stereoscopic vision?
I. Effect of the blind spot of one eye is cancelled by the other eye.
II. Total visual field of 360° and frontal visual field of 30°.
[ll. Likely to be observed in predatory birds.

IV. Centrally situated fovea that gives good visual acuity.
I P 2

- B B b P

. = mlEs 360° Bﬁqﬁylﬂit 30°

. 36k i 7 A o U AT

V. B R L

a. I, lland IV
b. I, Iland I
c. I, llland IV
d. I, llland IV

33
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29.(1 point) The glycoside “Phloridzin” present in apple peel can block the
normal reabsorption of glucose from kidney tubules. As a result, sugar is
almost completely excreted through the urine. A mouse fed with Phloridzin
along with sodium succinate will develop:

A R[[H[A[Em@ﬂ'l “Phloridzin” 'ﬂ‘“ B ) liEFF‘ | (i AV > IPEST 2 5
TR R *E'I?tiﬁtlfﬁ 7t ff & Phloridzin bj‘ﬁ&“f&ﬁr 1AV BT ?

a. hypoglycemia and no sugar will be detected in the urine sample.
(el R T AR

b. hyperglycemia and urine test for sugar will be positive.
B BT A R

c. hyperglycemia and no sugar will be detected in the urine sample.
iRl - SR T AR

d. hypoglycemia and urine test for sugar will be positive.

(Sl o i Py ER

34



IBO — 2008
INDIA
THEORETICAL TEST — PART A

30. (1 point) Cardiac output is defined as the amount of blood pumped by each
ventricle. It is determined by multiplying the heart rate and the stroke volume.
The stroke volume is the amount of blood ejected by each ventricle with each
beat. If the heart of a woman beats 56 times in a minute, the volume of blood
in her heart is 120 ml at the end of diastole and 76 ml at the end of systole,
what would be her cardiac output?

R D ) SRR B o R g B S BRI AL -
JELRL S g R BT OB « ¥ R A LB 66 o B
F% JRixE 120 ml ~ J¥REE B 76 ml o gt~ g?tl”éli_‘/ e

10.976 L/min
2.464 L/min
6.720 L/min
4.256 L/min

a0 o w
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31.(1 point) The drinking water consumed by a population is contaminated with a
modified bisphenol-A, which is not degraded in the body. As a result, there
are measurable levels of this compound in the blood. Which of the following
would result if the modified bisphenol-A were an oestrogen-mimicking

compound?
B Al A B PO T P S PR P RS - ]
R RIS > ) ST-A B PIRLE TR IET @ F SRR R 2

a. Males would have decreased sperm production.
PHERE~ puE B D

b. Males would have elevated levels of follicle-stimulating hormone.
PIERR YIS Sk o ET

c. Females would have elevated levels of gonadotropin-releasing hormone.
b R TR S B

d. Males would have elevated levels of blood testosterone.
By e SO i i B 6

e. Follicle stimulation would increase in females.

PR
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32.(1 point) If a molecule of carbon dioxide released into the blood in your left
foot travels out of your nose, it must pass through all of the following
structures except the:

BT T e A T 1 RS R
T QA I

right atrium ‘F[/‘U\EE'

o 9

pulmonary vein Jfii#

o

alveolus i
d. bronchus ¥ ?xﬁ‘f

e. pulmonary artery ’«]ﬁjgwij@
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33.(1 point) The process of artificial kidney dialysis is shown schematically using

the following symbols:

R IR AT

: erythrocyte

O S 1 TR O :salts
S ]

® :urea ) .
E y p(oj[elns
7IL"< A TEE

g

: semi-permeable membrane

I AR

Which of the following correctly depicts the process?

R L S 2

a. b. A
o o
O (@]
o] °
o e
o ° o
o
°
I N A
(o)
c. d.
(o) (o) o (0] (o) .
OOA ° L4 OOA ° L
o e o e
o ° o o ° o
o o
° °
o A& Iy - >
o o /7
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GENETICS AND EVOLUTION (17 points) il =i (= (17 53)

34. (1 point) A mutation results in the absence of sweat glands, a disease called
anhidrotic ectodermal dysplasia. A woman suffering from this disease has a

mosaic of skin patches lacking sweat glands. The woman is Iikely to be:
E P R LN B AR T g YRR > E PR RRR R B B LR R R
DVLE T APV T ﬁ VA O (e N () A 2 F[JV“)EL

a. homozygous for an autosomal recessive mutation.
%] A PR S

b. heterozygous for an autosomal dominant mutation.
B 4 OB O

c. homozygous for a X-linked recessive mutation.
%) [ORRTE X Yo e

d. heterozygous for a X-linked recessive mutation.

%IFIJF i PVIRIE X ﬁ““ﬁ'ljﬁ%%ﬁﬁ*
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35. (1 point) A mink breeder allows random mating among his minks. He

Qo o W

discovers that, on an average, 9% of his minks have rough fur that fetches
less money when sold. So he decides to focus upon smooth fur and does not
allow minks with rough fur to mate. Rough fur is linked to an autosomal
recessive allele. What is the theoretical percentage of minks with rough fur
that he will obtain in the next generation?

PR S T R TR LI PR 2] 996 10 it
B DR B P BT TR - B R R S
BN B E o T T T T 42

7.3
5.3
2.5
1.2
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36. (1 point) In a breed of rabbits, multiple alleles with the following dominance
relationships control coat coloration:
C (agouti) > c*" (chinchilla) > c" (Himalayan) > ¢ (albino).
An experimental cross between agouti and Himalayan produced 50% agouti
and 50% Himalayan progeny. Which of the following crosses could produce
this result?

- O I SR L B
C (#7F) > ¢ () > " (1) > ¢ (7).

VKT U= 1 pua e fiel i > =7 ]’*”EJ 50% P P ~ 50% 7 Fipi o plF=2{gel) R py
%lWﬁ'JPJFj:’%T\ S mae

I. Cc"Xc"e
Il. CcXc'c

. Cc" X cc
IV. Cc X c"c"

[, I'and 111
I, ll and IV
[, llland IV
I, land IV

a0 o W
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37.(1 point) Alleles 1* and 1® present on chromosome 9 are responsible for blood
groups A and B, respectively. Blood group O results when these alleles are
either absent or not expressed. The alleles |* and I® are expressed only if the
H allele is present on chromosome 19, either in the homozygous or
heterozygous condition, where h stands for the recessive allele.

Gilbert belongs to the AB blood group. His sister Helen belongs to the A
group while their father belongs to the O group. Identify the maternal and
paternal genotypes.

TE] AR B 5T 9 BRGSO FIEHPILIGT IR 122 1P it pa Al

Fw*ﬁ%ﬁ%@ﬁﬁ » TRIEL O e FJ.IF)J 19 By E Jﬂﬁg[ﬂ H B - hﬁﬂg[ﬂ A

|8 wﬁf; T ﬁ[ﬂ p‘/%'ﬂf < h ELIRIE - Gilbert £5 AB B 5 {9k
WERLAE] > & S5O %] ’LIJ”W“JF”ELWF' e b Sl 2
Mother Father
o Y
a. H/H, "B H/h, 1°/1°
b. H/h, 18/1° h/h, 1*1°
c. h/h, 1°1° h/h, 1*1°
d. H/H, 1%1° H/h, 18/1°
e. h/h, 18/1° H/h, 1°1°
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38. (1 point) The phenotypes of three experimental populations of plants are

shown in the following graphs.

= A HERIEPI AR W
>
2 >
y © > o
g % 8 %2
::]iH\ g . E ] “:
L 2 it-%
& i g
N I B ¢ T T T 1 @ T 1
Height Height Height

The three populations X, Y and Z represent, respectively, to the generation.
FZ RIS X, Y ZOT AP R pUREE 2

F1, F2 and F3 generations
P, F1 and F, generations

F,, P and F; generations

a0 T W

Fs, F1 and F, generations
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39. (1 point) In a population of mice, 40% of males showed a dominant X-linked
trait. Assuming random mating, the most frequent mating is expected
between the genotypes:
| EURREEH T E 40% AR X PR B e e o NI AL

VARG Tk

XEXPand X°Y
XEX®and X°Y
XEXPand XBY
XPX? and XY

o o o
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40. (1 point) Hunting of Northern elephant seals reduced their population size to
as few as 20 individuals at the end of the 19th century. Their population has
since rebounded to over 30,000. But their genomes still carry the marks of
this bottleneck when compared to the population of Southern elephant seals
that was not so intensely hunted. Such bottlenecks are manifested in the form
of:

A el o S R L) (130,000 [ 20 > [EHLPIRE [N - 498
gl B L] [P BRI e 2

I. abundance of unique mutations.
Al Elfrﬁﬁ’ﬁ:gg@
Il. increased frequency of lethal recessive alleles.
G RR T RL Pp sT
lll. reduced genetic variation.
(5% {55 (HiAgh !
IV. increased population size.
BTIREE ]

Only land Il
Only 11l

I, Il and IV
IIand Il

a0 T W
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41.(1 point) What is true for both genetic drift and natural selection?
IR AR SR AT I ey 2

I. They are mechanisms of evolution.
B OB ]
II. They are entirely random processes.
R 2 RO
[ll. They usually result in adaptations.
S L Tt
IV. They affect the genetic make-up of the population.
OB R O

a. landll

b. land Il
c. llandlll
d. land IV
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42.(1 point) The frequencies of two codominant alleles with similar fithess values

a0 T W

in a laboratory population of mice were 0.55 and 0.45. After 5 generations,
the values changed to 0.35 and 0.65, respectively. Which two of the following
mechanisms are likely to be responsible for this observation?

R IR (S ) Kyt [0S BB Pk 3 1% 0.55 and
0.45 - il = [NV i > Sy lfR@sy 0.35 and 0.65 > ﬁ[Jﬁ%fﬁﬂHlpﬂﬁ 8 | ey
=53 2

il

l.  Point mutation iz &
Il. Nonrandom mating EE#57 [id
1. Genetic drift & {HyE7E

IV. Selection pressure = &HEx]s

| and IV
Iland IV
[ and Il
IIand Il
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43. (1 point) In pea plants, the allele for yellow color of seeds (Y) is dominant
over that for green color (y) while the allele for round seeds (R) is dominant
over that for wrinkled seed (r). The results of an experimental cross with such
garden pea plants are tabulated below:

GHEES ) STREIE(Y) » REIRIEY) | BERERIE(R) ~ PEAIRIEC) - TR
A

Seed phenotype Number
PR AT

Yellow and round

Fre B 32
Yellow and wrinkled

e s 28
Green and round

AT By 12
Green and wrinkled

ARRCT] ~ G 9

The parental genotypes are likely to be: #J S ELNE[EL{F ?

YyRr and Yyrr

Yyrr and YYRR
YyRr and YyRr
YYRR and yyRr

Qo o W
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44.(1 point) A population has 6 times as many heterozygous as homozygous

recessive individuals. The frequency of the recessive allele will be:

R R B £ I PRRERLIFIZ RS £~ (W Palep 6 ffh - BRIEFLPIpVAER LR 2

1/3
1/4
1/2
1/6

o o o
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45. (1 point) If you have data on genotypic frequencies for several generations of
a population and if you apply the Hardy-Weinberg equation to it, which of the
following can be deduced?

PSRBT B R 2 (0 o P IR

I.  Whether evolution has occurred in the population.
eI

II. The direction of evolution, if it has occurred.
)

[ll. The cause of evolution, if it has occurred.

S R

Only I and Il

Only I and 1l
Only Il and Il
[, Iand Il

a0 T W
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46. (1 point) The residues of mines often contain such high concentrations of

c 9

o

toxic metals (e.qg., copper, lead) that most plants are unable to grow on them.
However, in a particular study, certain grasses were found to spread from the
surrounding uncontaminated soil onto such waste heaps. These plants
developed resistance to the toxic metals while their ability to grow on
uncontaminated soil decreased. As grasses are wind-pollinated, breeding
between the resistant and non-resistant populations went on. But eventually,
the less resistant plants growing on contaminated soil and the more resistant

plants growing on uncontaminated soil died out. This process is indicative of:
S T TR T (R TR 2 SR e
PP Rl TRt & T R e R VISR T G el [ET R R A
CHREtE Ve Al IEE S et it EASN RS 5 E

mass extinction of species. P/ A J=56]
bottleneck effect. #SHIE
divergent evolution. @EHF&]’“‘

disruptive selection. 7jRKe=4%
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47.(1 point) A genetic disease is caused by an autosomal recessive allele.
Individual 2 in the following pedigree is a carrier for this trait. Assuming that
individuals 3 and 4 are normal homozygous, what is the probability that
individual 6 will have the disease?

- TP AR L P ey D (R 2 R o e 3
M ARLC-HIFRI A 9 6 R o 2

1

2
O
Aa
3 é 4 O : Female

1/16
1/32
1/64
1/128

o o o
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48. (1 point) Note the following genotypes and corresponding phenotypes:
LR R A S s

A—B—
A—bb
aaB—

aabb

Agouti 17
Albino 1
Black £
Albino [

The biochemical process that can explain the above pattern is:
U R (A 2

product of B gene product of A gene

2 R ' Py ' &

Colorless precursor —® agouti pigment —— black pigment

product of B gene product of A gene
0 1 R ! K v

Colorless precursor —* black pigment — agouti pigment

product of A gene product of B gene

nogEEes v Wy ' B

Colorless precursor —* agouti pigment — black pigment

product of B gene

R '

. |
Colorless precursor —* black pigment Kl

product of A gene

agouti pigment 7
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49. (1 point) In a population, 90% of the alleles at the Rh locus are ‘R’. Another
alternative form of this allele is ‘r'. Forty children from this population go to a
particular play school. The probability that all are Rh positive is:

BRIl RhSHEELINET90% 1 R > bb- FIEL o FHREEIY 40 [l | TR
Rh [ {Epugs Bhip 2

400.81
0.99%°
400.75
1-0.81%°

o o o
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50. (1 point) Study the pedigree and answer the following question.

3 4 5 6
1 2
: Male Q - Female : Dizygotic twins
ENSE

The genetic relatedness between individuals 1 and 2 and between individuals
5 and 6, respectively, is:

Tfi?%EFE'IJ/%:TTqﬁ‘ B 1 and 2 I') - [l 5 and 6 puBIAGAT = 50 WL 2

0.5 and 0.25
0.25 and 0.5
1.0and 0.5

1.0 and 0.25

a0 T W
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ECOLOGY (7 points) * &5 (7 73)
51.(1 point) A typical biomass pyramid is represented in the figure below.

If A represents a primary producer, then E is likely to be a:

T AR P ASTRRES S HIE AL

: Ik

a. photo-litho-heterotroph.
%’*1?[7[1*1@'—[%??

b. chemo-organo-heterotroph.
2T

c. chemo-litho-autotroph.
s R

d. photo-organo-heterotroph.

® TR BT
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I I I I I
102 103 104 10° 106
Dose in rads

=i at ) = !
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53.(1 point) Hay is boiled in water and cooled. Some pond water, containing only
heterotrophic protozoa, is added to it and kept in the dark for a long time.
Which of the following are true?

I. Heterotrophic succession of protozoa will occur with increase in total
biomass.

[I. The energy of the system is maximum at the beginning.

[ll. Succession will occur, eventually reaching a steady state in which energy
flow is maintained.

IV. The ecosystem may undergo succession but finally all organisms will die
or go into resting stages.

B8 AR R FT‘ JEVEYRUE g Jﬁtf[ AP R RPREE

FEBU L N IR

LEIEYRUE PO PR Ff'ﬁi AL PrEL f 7= B s

R b A tzf[ﬁéj Ehis S El

I PEFHAR S ] AR 1R

IV FR R R T (EAETE O 95 3 ™ PRI

a. landlll

b. Iland IV
c. llandlll
d. land IV
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54.(1 point) An ecologist is comparing the growth of a herbaceous plant species
growing in two different sites A and B. To compare the populations from the
two sites, she has harvested 30 individuals from each site, then measured the
root length, root biomass, and shoot biomass of each individual. A summary
of those measurements are as follows:

HES A P AR AP T IRIEB (A B BBORVE R D B
i IV 30 MU 93 7 T - B SRR R Pk %(m e EXL
Bl N REHIEEH N

h

Location | Mean root length Mean root Mean shoot

Pylgh (cm) biomass (g) biomass (g)
TR T L THSHE

Site A 27.2+0.2 348.7+0.5 680.7 + 0.1

Site B 134 +0.3 322.4+0.6 708.9+0.2

Based on the data presented, which of the following statements is likely to be

true?

BRI TR > S SIS D 2

a. Soil water availability is lower in Site B than in Site A.
T B A A B Aot i

b. Plant productivity is higher in Site A than in Site B.
A SRR S EAES B L

c. Soil water availability is lower in Site A than in Site B.
i AN ﬁif‘ ﬁﬁ FIIRIE ]S B EEpY 4 18

d. Soil nutrient availability is lower in Site B than in Site A.
T B AT (FEER) A A g
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55.(1 point) In an aquatic ecosystem, the total dry biomass of each of three

groups of organisms is as follows:

- et R SFEEPIUZE B
I. Ciliates 7#&=" #: 1.1062 g

Il. Midge larvae [ 2 0.9623 g

ll. Oligochaetes: &= % 1.005 g

The most likely food chain that they represent is:
P FEPIAL A R i AR

a. I=>1->1
b. 1>1->1
c. I=>11->1
d. HN-=>1->1
e. 1=>11->1
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56. (1 point) The reproductive effort of a plant is defined as the ratio of the dry
weight of its reproductive organs to that of its above-ground tissues. The
reproductive effort of two purely sexually reproducing plant species M and N,
as compared to their relative leaf biomass is plotted in the graph below.
WA ) E T Y T b RO B R - 1
S AV RN Sl B e EX O B [ RN T

0.5
M
B \
=
i @
o2
Jm o
T -g
s o \
Q0.1
o Y=
g @
0

0.1
0.5
Leaf biomass / total biomass

B Pkl /At Pkl

Choose the correct interpretation.
S T
a. Mis a r-strategist adapted to a highly disturbed habitat.
ML S8 T U 1 iGpsAa e
b. N is a k-strategist adapted to a highly disturbed habitat.
NS S T JEBUIRAY K e A
c. N is ar-strategist growing under favorable environmental conditions.
NELSE S LU0 1 e
d. M is a k-strategist growing under favorable environmental conditions.

ML S50 % BB K PR
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5; .‘;: peillt’ | |ey pledaliﬁ N

SN _at_ Mt . _fa_ . ___*___ ,qslgélzlls tQ a ‘lifE

wrociren INEAEE o

MYpMUITUUIL
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ETHOLOGY (4 points) B¥P7/5 % (4 53)

58. (1 point) Animals can use their circadian clocks to determine direction from
the position of the sun. In a particular experiment conducted in Iceland, a bird,
kept in a cage open to the sky, was trained to seek food on the western side.
Its circadian rhythm was then phase-delayed by 6 hours and after phase
shifting, the bird was returned to its open cage at 12.00 noon real time. It was
observed to seek food in the:

PP AR PR P 2 P S0 SRR O e S [ SR ELE S Y-
el — B RO LLE o R SR LA - SRR I P
6 TEﬁ(phase-delayed by 6 hours) » #* ! Eﬁ’EﬁF&ﬂH[‘J 12: ooﬁ%’,ﬁ\gifmn%
FIT> 'FL‘E;]HF JFér—[p

a. north.(4*%)
b. south. (f™)
c. east. (ju)

d. west. (J1))
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59. (1 point) Coho Salmon is a fish found in the freshwater streams of North
America. The males of this species have two reproductive strategies to
fertilize the eggs laid by females. Larger males are able to fight with each
other successfully but smaller males are unable to do so. The latter adopt
another strategy, that of sneaking, in which they hide behind rocks and
quickly approach females to fertilize the eggs before the larger males are able
to do so. Which of the following graphs depicts the correct strategies?

Coho

SR SR ISR Y U8 > BRI PR IR o F | R PO e A I AR
I > BRSO E B ST Y (R H T SR
R T 2SI U TR O PR S o R R T

o I (TR

a b.
. . = (4]
g Fighting 17T c—g Sneaking
-3
2 )
BT 8 [
i o}
_jﬂj]— o) Sneakina = Fightin
g1 = " € ghting
= i =
a
Proximity to female Male body size
TR
c d.
o
I Sneaking E Fighting
7 £
=1 [
3 2
L Fighting g Sneaking
= o
a
Proximity to female Male body size
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60. (1 point) Young laughing gull chicks peck at the tip of the parent’s beak which,
in turn, induces the adult gull to regurgitate food. Experiments were
conducted with one-day old and three-day old chicks, the latter being reared
with their parents. These chicks were presented with the following models of

the parent head and the following responses were obtained:
YA S EL A P P B ELI T TRIRG Y FL e (T APl P A > [P 1% 3y
IELSE IR » 3 SO SDELRLE U H ) AT EL RS (2
W) > g RS T IER RO RO S el UL
T $4I5 7/ 30sec

Mean number of pecks / 30 sec
Model 0 5 10 15
I I I I

e
One-dayold 1~ VR

——

Three-dayold 3= -+ g
Experienced

e

Parental

—
o
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Choose the correct interpretation of the experiment.
NEETE JE{JF‘E’&E%E@%H# B ?

a. Pecking behavior is a fixed action pattern where any long pointed object acts
as an equally effective stimulus.
FLAYPRHE = E L~ *Eﬁtﬁiﬁ'lfiﬁjﬂ?“ = £5(fixed action pattern) » Fr[’fl'gj Bl RRRE]
Elfjf}*afﬁ[},ﬁ Rl BE ISV

b. The pecking rate of laughing gull chicks increases with age.
FURY P e = [ gyt

c. The response of one-day old chicks is more pronounced when the model is
closer to that of the parent.
1= ELSEF ) ELAAE [ ORA ~ ey RE (R R %)

d. Act of pecking is an innate behavior while the discriminatory capacity of the

chicks is a result of learning.

FRIERL- A2 (ARG I 1 R
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61. (1 point) While studying the frogs of a certain species in their natural habitat
in the night time during the mating season, you observe a chorus of male
frogs in which some individuals are calling while others remain silent. On
further observation, you see the silent frogs are sitting closer to those that are
calling.

Which of the following is most likely to explain the behavior of this chorus of
frogs?

TS ﬁlﬁ*ﬁa T H A B ?w ’ 5@?”5 éﬂ’ﬁPFlﬁﬂj 'Eﬁ[ﬁ'ﬁ%}rﬁ%m] e sy
TP 5 3 MR PP (i s P T = SO

R

a. The individuals who are not calling are staggering their calls with those of the
others and are likely to call later in the season after the latter have finished
mating.

PREEFTEA AN e ag T PRV IR - bﬁ%’?iﬂ [P IRIU et Bl E R

b. The silent frogs are close genetic relatives of the calling individuals and do
not expend valuable energy in calling as the offspring from the matings that
the latter will receive would provide adequate indirect fitness to them.

T PO TS U T B E R 580 ST BRI » P e
ww%ﬁﬁ**rﬂii’ﬁifMﬁp:’ﬁs B 38 g

c. The silent frogs have evaluated that their calls are inadequate in attracting
females, as compared to those of the calling individuals, and lie in wait to
sneak matings with the females that approach the calling males.

mﬁu?,i“fﬁ¢|c$Jmﬁ§§f%ﬁfTtm&j]J,#r}fjpﬁu%Qi; ﬁ Belin
ﬂ@wzﬁmwﬁﬁa%ﬁ R e

d. The silent frogs do not expend energy in themselves calling as the female
frogs that are attracted to the calls of the others are anyway likely to visually
inspect the closely-spaced males and then choose their mating partners.
TP T 7] B R R R B R

CERE T Sl S
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BIOSYSTEMATICS (2 points) 73 (2 53)
62. (1 point) Although Echidna lays eggs, it has been classified as a mammal

due to the presence of mammary glands. Which of the following additional

features of the Echidna are also unique to the class Mammalia?
HESRASE R 1 - (EIPE PP RRtR g 5 IBEE D B 7 AR

fY 9

Echidna

| Hair over parts of the body. = £} ="

Il. Presence of pituitary and thyroid gland.=! ?Jﬁffﬁ IR FHRARL

[ll. Complete separation of pulmonary and systemic circulation in a 4 -
chambered heart. = 37| 4 % - = 2150 = 55 BV RO B ECRL

IV. A diaphragm separating thoracic and abdominal cavities.;'ﬁﬁﬁﬁa 77 i
o g

V. Regulation of body temperature irrespective of ambient temperature.%iﬂ
G BV R ()

VI. Enucleated red blood cells. i~ '3 1 £ At

VII.

Il and VI

I, IVandV
Only I and IV
land Il

[, IVand VI

® 2 060 T o
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63. (1 point) Study the adjoining schematically drawn evolutionary lineage. The
derived characters A, B and C represent, respectively:

L ST [ = 2] ABC = 78k 153 ] A [P Aty 2

-
D
H = _
=, &
Tk - o :
A — %— . I Gy
g fuz— = i ) ® T
o - -
1 © g = B ;J 8
o ° = Koo 2 ©
o j= 2 2 2 " £
o] S + w0 < = Q S
] le) © Q Q. Q. >
pu + c (9} E [J] < ©
o 5 Q0 3] o =
> & < a < A
= A ‘P A A A A
4
< © o
—
TIME
F

a. vertebral column and cranium, jaw, pentadactyl limb ?ﬁfbﬁﬁfg@ . ﬁl,ﬁ - i
e :lln

. tall, heart, teeth.=' ~ =i ~ 7 dfa
heart, gill, cranium.-=j# + &l - PEgE

. cranium, cloaca, hepatic portal system. P ~ 25Tk ~ 5 255

TR
*kkkkkkkhkkhkhkkkkx END OF PART A kkkkkkkkkkhkhkhkhkk
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