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1. Write your 4-digit student code in every student code box
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2. The questions in Part B may have more than one correct answer. Fill your all answers in
the Answer Sheet for Part B. The marks, numbers, or characters to answer questions in
Part B vary depending on questions. The ways to answer are indicated along with the
questions.
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3. Use pencils and erasers. You can use a scale and a calculator provided.
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4. Some of the questions may be marked * DELETED DO NOT answer these questions.
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5. The maximal points of Part B is 108 (points are indicated in each question).
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6. Stop answering and put down your pencil IMMEDIATELY after the end bell rings.
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Cell Biology a4y

B1. (3 point) On a dry matter basis, is the average proportion of the following elements
significantly higher in herbaceous vascular plants or in mammals? For each element
mark ‘X’ in the appropriate box.

VIRCEE 2 SRR TSR, A0 Il ELHE T 41 {5050 Sh A8 FLAGHE S SRR B L DA O 55 IEI"TFWF'U
SRR, B AR S 2 s W AR E X o (347)
A. Nitrogen %
B. Oxygen %=
C. Calcium #5
D. Potassium #
E. Sodium #k

F. Phosphorus F#
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B2. (2.5 points) Match each of the following properties of water with a benefit to organisms

by putting a letter (A to E) in the appropriate box.
el RE o RS T AR g S TSR iy SRR R TAE 5 A
(2.573)
Property ZKfufeH:
. Low light absorption in the visible region ¢ R FLYGHIE | » SPEAYRIKEH
Il. High heat capacity ®IEEE (LAY
lll. High heat of fusion LA SAGE (R s« fikeiiisy
IV. High heat of vaporization & 7% Hh

V. Polarity of molecules 4y ¥t

Benefit to organisms S 4 Pul g
A. Biological membranes composed of lipid molecules are thermodynamically stable.
HI G 73 - REL R R A= W e BRE R % R LER E Y

B. Terrestrial plants and animals can cool themselves with minimum loss of water
content. [U e BRI I iR D EHE AR S SIS ESRPYE Y

C. Temperature changes in plants and animals are minimized under fluctuating
environmental conditions. Elb?ﬁ‘ﬁ}'*d?ﬁ%"@ﬁﬁ%%iﬁ* » YR pradlsRghA

D. Plants can efficiently utilize solar radiation for photosynthesis.
REA AT LA O DG REE DA 1R L

E. Plants and animals are protected against freezing at low temperatures.

TR o B R SR R RLR
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B3. (3 points) A coding region of a gene consists of 735 base pairs without stop codon.
Calculate the molecular mass of the protein from this gene. The average molecular
mass of the free amino acid in the protein is assumed to be 122. Five disulfide bonds are

present in the protein. Show your calculations.

*ﬁl%ﬁ'ﬁﬁ!ﬁ}ﬁﬁﬁai@ FL 735 (@Rl DA e - %LE.TFS?EL PRHGESI LT S TRTRY S5
ST o A REEEBERO B IR T Ay - B 2y 122, r%% HE &) 5 HEEmgE, “EREET

= o (347)
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B4. (3.5 points) Glycolysis is essential for all organisms.

(1) The figure below shows the reactions of glycolysis. The numbers in the figure indicate
enzymes which catalyze the reactions. Categorize each enzyme into the “enzyme

type” listed below and put each reaction number in an appropriate box. Note that some

enzyme types may be missing.

FERR I FIE T A AR A R B, (3.5 49)
(1) I 2 KR PR O B MG - BT e (S MR 3R o e 3253
@w?ﬂM%ﬁﬁﬂw IR 1 2 SCRBROBE A BT (R (1- 10) 1 () BS S 0P

BUILE (A-F) 22, REER > T LRESRUI W ARG BSOS TN 9E
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Enzyme type: [z K%

A. Oxidoreductase &t {™&/RITE
B. Transferase {EIJLITy

C. Hydrolase ;&g

D. Lyase f[ﬁjé'_fr’g

E. Isomerase fe'?FﬁW%‘:

F. Ligase }%ﬁ@
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(2) A cell culture of muscle cells was incubated in oxygenated medium that was then quickly
made anoxic. The concentrations of three compounds which are important in glucose
metabolism were measured immediately after oxygen removal (marked as time 0) and

shown in the graph below:

(2) T EFpURER TR > Sl R R YR BTSRRI ([

==t (2
oz b *&U?EHJL%’FTJ%%*WJMT?FE‘EJ%ELJ: FEAL AR, HARRH R A an T

t ~ .

Time {min)

Match each curve of the graph (1, 2, and 3) with the metabolite whose concentration change it
depicts:

ﬁﬂ%[ﬁﬂﬁlﬁ%ﬁﬁ’*ﬂﬁ%fﬁﬂﬂ%ﬁ (1,2, % 3) Z[RAAYREMHY (A B =2 C) S TUIES

Metabolites: [“E{%7
A. Glucose-6-phosphate 7% Hif-6-ifk ik (G6P)
B. Lactate 5%

C. Fructose-1,6-bisphosphate  5-4-1,6- iz
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B5. (2 points) Different patterns of cell cycling (A to D) are shown below. Correctly match

them with the given cell types they represent.

A=D S5 B PR EE » I =V T RIS L - 2 )

I S phase
B | NG ZIc' R 27 R G2 ) .. M phase

[] cytokinesis

C GG o G -

D GIECZ ISR G 7 16 G274 ] -

Cell types AfM@R]fix
l.  Human epithelial cell ~ * iz "L3F 1w
IIl. Sea urchin embryonic cells up to 128-cell stage 128 ifl i i5 i f St i
lIl. Drosophila salivary gland cell S e R i

IV. Plasmodium of slime mold %% B8 14 J5 A= B i
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B6. (3 points) A cell suspension of a microorganism was fed with [*H]-labeled uridine and
incubated. Cell components were fractionated from these cells and radioactivity in the
MRNA fraction was measured, which revealed that 2.5 picomoles of uridine were
incorporated into mMRNA in 1 x 10° cells. Assuming that the base composition of mMRNA
is random and that the average length of mMRNA is 3,000 bases, calculate how many
molecules of MRNA were synthesized in each individual cell during incubation.

(Avogadro’s number: 6 x 10%)

FLH STE] PH] AR (L (uridine) H7 R P g ELHD S s B T EERT frPs
[T mRNA R S1F B SRR 1x 10° AFV@RY mRNA flIf ETRHIE]E] 2.5 1077
picomole fIU"IFES! T HPHHE » (R mRNA FOfS ) FRMSIAL S URERSAY - & mRNA [T 15

K17 3,000 fiEEL ﬁ%%ﬂ?}iﬁ%ﬁ%ﬂl » HE| %) mRNA 5}9'?&’%‘\,’?‘? (373)
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B7. (4 points) From the model plant Arabidopsis, 0.3, 0.6, 0.9, 1.2, and 1.5-kbp genomic
fragments upstream of the translation start site of gene Z were isolated and designated
Za, Zb, Zc, Zd, and Ze, respectively. These fragments were fused to the structural gene
of B-glucuronidase (GUS) of Escherichia coli. Arabidopsis was transformed with the
resultant chimeric genes Za-GUS, Zb-GUS, Zc-GUS, Zd-GUS, and Ze-GUS, and
examined for GUS activity by in-situ chromogenic reaction. The following figure
schematically shows construction of the chimeric genes and the GUS activity patterns in
heart-shaped embryos of the transgenic Arabidopsis carrying these chimeric genes.

7T RESRPIIE £ (T RN Z Eﬂ%@ﬁf‘,%ﬁj—%ﬁwﬁlwkﬁﬁg » FA 5T HIEY 0.3, 0.6, 0.9,
1.2, = 1.5-kbp > 53 Hﬂifﬁ:clﬁ Za, Zb, Zc, Zd, and Ze - iﬁﬁfkﬁ FEOTHIIEE B pINIBTARY -
AP (B-glucuronidase (GUS)) » s it BL (chimeric genes) Jifflis ™ 4
I'E'ﬁH‘ B IRER T PUEIAE SLPNARASRY GUS ﬁl[ﬂ?ﬁ‘l‘? ’ Wi”“%l"ﬂﬁ?%ﬁf‘ 1
(in-situ chromogenic reaction) » it 3 HVFQF{EW Za-GUS, Zb-GUS, Zc-GUS, Zd-GUS, ==
Ze-GUS » " [ EIAT BLINTRRAT [[I7HAY TG H 1 GUS 17 1~ Tl e AL SR
STE[ - (4 57)

el §niH s el

!

/ shaped emi)fyo
HLIEIRRT - GUS it A

GUS ‘ \/ ; Cotyledon
Za-GUS THE

—
Zh-GUS | - \ {
Ze-GUS l E— \/
GUS activity [ewel
2d-6Us = L
High =§
ol
Ze-GUS — o ctanie

10
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Based on this result, identify the function of each upstream region of Z.
RS i ﬁ%}{ﬁ]’ N Z BRI PPy DNA A E (L IL I =2 1V) ==0F- (A-0) 2&
St
Upstream region _Fik#gh ik
. —1,500to-1,201
II. 1,200 to —901

Ill. —900 to —601

IV. -600 to —301

Functions ijﬁ‘:

A. promotes gene expression in a tissue-non-specific manner
FENASITE A B

B. promotes gene expression in cotyledons only
Bt R [l R R

C. promotes gene expression in tissues other than cotyledons only
CERElSE TR CE W T (REE el

D. suppresses gene expression in cotyledons
R [ R

E. suppresses gene expression in tissues other than cotyledons
T 2R PR [N A

F. little influence on gene expression

LR TR

11
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Plant Anatomy and Physiology @?ﬂﬁﬂﬁﬂé’? B3

B8. (3 points) Deficiency of a particular mineral element in the soil elicits a specific pattern of

leaf discoloration in plants (chlorosis), which is related to metabolic roles and mobility

(translocation) of the mineral element in the plant. The following describes the deficiency

symptoms (leaf discoloration), metabolic roles, and mobility of magnesium (Mg), iron

(Fe), and nitrogen (N).
+ RIS - ﬁjﬂﬁgqﬂm Qﬂjﬂ@;ﬁjiy& L[figqufjﬁzpj | r;l% (keer

[V
"
o Sk A P T R (R IR 1) S - s

B B (B BEFT) Bl e R

Deficiency symptoms
A. Deficiency of this mineral causes chlorosis initially in young leaves

B. Deficiency of this mineral causes chlorosis initially in old leaves
S R B

A PR SRR T R

B. U SO A At B

Mineral mobility
C. This mineral is highly mobile in plants.
D. This mineral is largely immobile in plants.
Tk FEEE
C. I Sk TR AR P PORE R Gl
D. IR AP e

12
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Metabolic roles
E. This mineral is involved as a component in the electron transfer system and is
also required for the synthesis of some of chlorophyll-protein complexes.
F. This mineral serves as a constituent of many plant cell components including
amino acids, nucleic acids, and chlorophyll.
G. This mineral is involved in the activation of various enzymes and serves as a
part of the ring structure of chlorophyll.

—;
i
m

I SR B ORI S 53— 2 AL S Ak s VETHE R £
Firh JEIAYRY 55

P PR SRLEARPATIRH GE S VR SR P ~ PR Rk STy )

G. Jr k™ GRAER U™ o [ SRR AR SR 15

Connect each mineral element to the appropriate descriptions of the above three
categories (A or B for Deficiency symptoms; C or D for Mineral mobility; E, F, or G for
Metabolic roles).

RS PO ST AL RS R < (A, BRI B C, D s
FFEEIE B F, G RLFEEE)

13
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B9. (3 points) Growing plant roots were analyzed with respect to spatial patterns of cell
division and elongation growth. The roots were marked with graphite particles (P) at
various positions along the root axis, where x was the distance from the root apex just
behind the root cap to P.

PR3 0 SR T S ARRRPIRLE R - A ] ) T B
S X RN | VAL (Po) 2] Py IV ZHEE -

.....r.

root cap

For each Py, the following data were collected.
l. Cumulative number of total epidermal cells present between Py and Py
II.  Cumulative number of mitotic epidermal cells present between Py and Py

lll.  Velocity of displacement (movement away) of Py from Pg

SR T S Py R s R i
. Po Z[ Pyl | & LR
. Po Z[| Px Elfj’;[’?"ﬁj 55 Bpas A gy
1 SRS (Px F1Poss 2{Iili)

14
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When the data are plotted against x, what types of profiles do these data sets show?

For each data set, choose the most appropriate profile from the followings.

F B x [ TR O 5 ST 2 SHES - (USRI -

15
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B10. (4 points) Henbane (Hyoscyamus niger) is a medicinal plant. Two varieties of this plant,
one of which is annual and the other biennial, were characterized for flowering.

In the first experiment, effects of cold treatment and day length on flowering were
examined in the annual and biennial varieties. For this purpose, cold-treated and
untreated plants were grown under the short-day condition or the long-day condition.
The following table indicates whether the plants flowered or not.

Henbane (Hyoscyamus niger) L ZEjf| ivgeH [ - FUSEE G U0 B iR ifats)
Ry [ ([FAE > — RFERL- T % Pl RERLT F % o Ty 3T (RECRRE 0 5T R (SR
PR > B & ETE0 F SR VR TSR - RLEE TP REVCE e A SR PR

I S B O TS R N S SRR LR Y -

Flowering [ -
Variety A7 Treatment Short-day Long-day
A =
Cold-treated
Annual B cres No Yes
g
o U:Ft;ggd No Yes
Cold-treated
Biennial BSlsted No Yes
CaE Untreated
7+ S No No

16
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In the second experiment, cold-treated and untreated plants of the annual and biennial

strains were grafted as shown in the following figure, and then grown under the

long-day condition. Whether the stock and scion flowered or not was recorded. The

results of the two types of grafts (#1 and #2) are summarized in the table.

ST (ORI (SRR R T RS S (T )
PR FIRIRTE ™ 2 5% « BRSSPI FH I - PPOIEeE (41 and #2) FOrdiE=t
[/Dj\ F*e o

Tt

\

Strain Treatment Flowering
Stock Annual Untreated
Graft #1 Kt - Fh 5l ves
I #1 Scion Biennial Untreated
B EE + A ves
Stock Biennial Cold-treated
Gratt #2 Fit BEE. e ves
1 #2 Scion Biennial Untreated
B R + Hp) ves

17
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Assuming the involvement of florigen in flowering of this species, identify the
properties of the shoot apical meristems and leaves of the annual and biennial plants,
based on the above results. Mark the appropriate boxes with "X" about florigen
response (1) and florigen productivity (2).

BB -k 2 PSR BT I B R g
PR tﬁiﬁﬁ BT o T‘—_f‘ i Ak I—%TQHI , FTJjj‘/\lEIE TQW F TAE(]_)IJ '};’,ﬁf”‘.{gﬁf%ﬂ
REEICR F‘ﬁ@gmf@uﬁ@q N

18
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B11. (3 points) Plants and animals accumulate starch and glycogen as a storage
polysaccharide, respectively. Starch consists of two sorts of large, water-insoluble
polymers of glucose, amylose and amylopectin. Amylose is essentially unbranched and
linear while amylopectin is highly and regularly branched, which forms branch clusters.
Glycogen is also a branched glucose polymer, but unlike amylopectin, it is relatively
small and water-soluble. In the glycogen molecule, branches are shorter, irregular, and

not clustered.

FRPIE g 55 I | R R TR b PR e (s iy 2Pl o 3 ‘9}& R RS E R
f%?éf’} L [ BEERES (amylose) b GEERES (amylopectin) o {14 ‘j TSRS AL L
VS 2P ST RSB TRRL RS FURRRR AT (]
LIS [RLASHRERE & LI o TS A TR -

Starchyfs Glycogen'f=#
A
Amylose Amylopectin
[l aed L G
- — “"g - uung

19
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13

(1) Biosynthesis of starch involves three classes of enzymes: chain elongation enzymes,
branching enzymes, and debranching enzymes. Sugary, a rice mutant, is deficient in a
particular debranching enzyme. The endosperm of this mutant is characterized by the
accumulation of glycogen-like polysaccharide instead of amylopectin. In consideration
of this information, the role of the wild-type debranching enzyme in starch biosynthesis

is:

S Y ;‘*'JF’—‘,E%E;EH[ TR R R - S 4 - R
(Sugary) 353 T ek o BRRBEIITES {1 G313 RRG 2 R [1) 7 SR
=R [ 2 frrjﬁxjff\ 57 L P YRS F 2 L

A. toremove all branches from amylopectin to form amylose.
B. to shorten every branch of amylopectin.

C. to regulate the branching pattern of amylopectin.

D. to cut ol 4 glycosidic bonds of amylopectin.

A TS GRS SRR | %E&ﬁ GRS

B. VAL G (T Y

C. (Gl 4 BV [~

D. V& GV od -4 FHE

20
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(2) The seeds of the Sugary mutant of rice are not different from the wild-type seeds in the
size and appearance before desiccation which is associated with seed maturation.
During desiccation, however, the Sugary seeds become shrunk and wrinkled. This
phenomenon suggests that before desiccation, as compared with the wild-type seeds,
the Sugary seeds contain:

E1 R SR AHE H PASE RE 1 f AEZGB R (Sugary) FE SRR BIEVA 9t
PRRE A SO T2 ) > KABE] (Sugary) U SR« IR
e RP A g  A@E] (Sugary) FE FA»["E K

storage polysaccharide Water
e 2P *
A More Less
% gh
B more more
4, %,
C less more
/J/\ %
D less less
/J/\ /J/\

21
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(3) Bacteria including cyanobacteria accumulate a glycogen-like polysaccharide for
storing glucose. Which of the following can reasonably explain the evolution of storage

polysaccharides?

AP AR £ BT PRI ORI e AURRE - ISP T £ P St

e g [~ 2

The common ancestor of plants and animals could synthesize:

A. both amylopectin and glycogen, but plants have lost the ability of glycogen
synthesis during evolution.

B. both amylopectin and glycogen, but animals have lost the ability of amylopectin
synthesis.

C. amylopectin but not glycogen, and animals have acquired the ability of glycogen
synthesis.

D. glycogen but not amylopectin, and plants have acquired the ability of

amylopectin synthesis.

P g [ﬁjfg e F&’ Ry
A BRI e £ RO
B. LGRS TR fﬁ'éﬁ%’*’iﬁlﬂ%&ﬁﬁi}@ Gl
C.  HIMP IR - [EPOETH & TR )
D. PORHEZEL S - [P 5 R ]

22
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B12. (3 points) Soybean roots form nodules when infected by Rhizobium. HN is a recessive
mutant of soybean that exhibits a hypernodulating phenotype. As shown in Figure 1, the
roots of the HN mutant form more nodules than the wild-type (WT) roots, and the shoot
growth of the HN mutant is retarded compared to WT. Figure 2 schematically shows the
nodulation phenotypes observed in grafting experiments with WT and the HN mutant. In
the absence of Rhizobium, the HN mutant is not phenotypically different from WT in any

aspects.

i D RELHEE (Rhizobium) % » (bl - — IEHEATBT] (HN) 5 et
b ST Y L RBEIRL S ] (WT) T A R
B RESS - [ 2 R o B PRS2 T IO 54 RSBV i - i
RPN o P b B

23
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From the above information, what can be reasonably inferred? For each of the following

statements, mark “X” in the appropriate box choosing the option in the bracket.

PR ([ HEEGE ?  1 , I= ool - oF pilfe S IR R T - 2

RS R X

A. shoot
I. In the HN mutant, the = determine the hypernodulation phenoctype
FHZEER -l QP Y B

rA. positively regulates A
A Al
Il. The shoot of WT < B. %Féaé]%mgulates > the number of nodules
BF AR AR C. is neutral for the regulation of L
L SRR )

Il In the HN mutanthypemodaulatioris
TEHNSERR: - BRI HEAR

of retarded growth of the shoot

24
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Animal Anatomy and Physiology

e )

B13. (3 points) Three patients I, Il and Ill show symptoms of low thyroxine levels. Defects are

found in the hypothalamus for patient I, in the anterior pituitary for patient Il, and in the

thyroid for patient Ill. After thyroid-stimulating-hormone-releasing hormone (TRH) is

given to these patients, the concentration of thyroid-stimulating hormone (TSH) before

and after (30 min) TRH administration is measured in each patient.

B13 (375 ) = Syt 1~ 1 NS B 2R P GRS S R fS o fab 1o ) = % gl - o R

{9 3 A o R O PRI | o = R USRS TRH S 20T [

S5 TRH o gk 30 55 - 57 HINHITE! f*’jff’ﬁ”%‘gm TSH BB %

Before TRH administration

After TRH administration

&~ TRH Fi| " TRH &=
Healthy person Lower than 10 Between 10 and 40
e IE [&H* 10 10~40 [
A Lower than 10 Between 10 and 40
[T 10 10~40 f¥]
B Between 10 and 40 Higher than 40
10~40 fH] e 40
C Lower than 10 Lower than 10
[ 10 [ 10

Fill the letter of the appropriate data (A—C) for each patient (I-IIl).

PJF-2 (88 A B, C o 31 RAFSSR T — N Ao & -

25
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B14. (2.5 points) The graph below shows the blood glucose level after three hormones I, I

and Il are administered separately or together.
B14. (2.57]) MELWERE - Ft= 5

IR HURES £ AT 2 AR L I N g ey R AR

[Glucose]pioog (Mg/dL)
~

Time (hours)

(1) How do you classify these hormones? ﬁ_ﬁi@ﬁﬁzﬁ”* SlPp— AR ?
A. Hypoglycemic [&

B. Hyperglycemic ff =" #

26
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(2) Choose the type of interaction between these hormones.
SRR RO = [0 BT TR 2
A. Additive iRy [EH]
B. Antagonistic }ﬁﬁuf‘eﬂj
C. Synergistic %[ﬁjf‘eﬂj

Ry

D. None

(3) Pick the three possible hormones that are consistent with the results shown in the

graph USRI OAFR G sk ds € [0 = B N 0= A 2

A. Insulin  HiH %

B. ADH (Vasopressin) }‘ﬁuﬂj%@;@’ﬁr\.
C. Adrenalin (Epinephrine) 'ﬁ‘fﬁﬂi
D. Renin Eﬁ‘i

E. Glucagon | Pizk

F. Angiotensinogen j"?‘fﬂ%’ﬁi’ﬁl
G. Cortisol PHRLETZ

H. Calcitonin [=§55k

I Atrial natriuretic peptide = 5§ 143k

27
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B15. (4 points) The oocytes of a starfish grow within the provided follicle in the gonad.
Eventually they cease meiosis at prophase I, and wait as a state of immature eggs. The
immature eggs resume meiosis when stimulated and lose their nuclear envelop as
shown below.

B15 (4 57 ) Y&k A=k & FEp Ip Qe ey =< - b}ﬂi'hﬁﬁ? By YR R S
TP e SRR < ) SN o S EOI (R I 4 - SA (p

j\%[)o

nucleus i ji##8x

/ VLTS B 1Y Sl -

In order to understand the mechanism of this resumption, the following experiments

were conducted. £h Efilﬁﬁ%gﬂé}ﬁ%p J%g&ﬁku s EET TN R

28
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Experiment 1. When extract from the nerve tissue of adult starfish was added to
immature eggs surrounded by follicles, meiosis resumed.

BERL IV E 1 B PRFORIRER A SV o Rt I Y - s 4
FIERE -

nerve extract
A

Experiment 2: When extract from the nerve tissue of adult starfish was added to
immature eggs from which follicles were removed, meiosis did NOT resume.
HAER2 H 2V E AR S5 PR ARER RS SV PR iR i S N R
W T TR -

nerve extract
AN —
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Experiment 3: When extract from the nerve tissue of adult starfish was added to follicles
after they had been separated from immature eggs, and subsequently the medium was

added to immature eggs without follicles, meiosis resumed.
HFERS KV I PR A SV  E BE ORE  F E Ei
I VR G EORTRE -

nerve extract
AR A YT —

Experiment 4: When extract from the nerve tissue of an adult starfish was added to
follicles after separated from immature eggs, and the medium was injected to immature
eggs without follicles, meiosis did NOT resume.

AERA VI o PSR VP T TR 1 o L R 4
ERAT T R EEVIIC] R TR TR

nerve extract

30
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Based on these results, four hypotheses were developed.

FUSC R B o RS T -

Hypothesis 1: The extract from the nerve tissue contains a substance which directly acts

on immature eggs causing them to resume meiosis.
M3 L MRS ARYR VIR 3 REPRT s (R A SR s ieEe

VTRt -

Hypothesis 2: The extract from the nerve tissue contains a substance which acts on
immature eggs to resume meiosis, but the follicle blocks the substance from reaching
the immature eggs.

M 2 ¢ FREEACAAYA TV 1 E S Y A S ST R SRV PORT R

PR SR ) -

Hypothesis 3: The extract from the nerve tissue contains a precursor of a substance that
causes meiosis to resume, which is processed by the follicle into an active compound

that causes immature eggs to resume meiosis.
B 3 & FHAREALAGEYI TR 15 F | SR i T O g T PRV RRT - e RS
B T SRR R B -
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Hypothesis 4: The extract from the nerve tissue induces follicles to secrete a substance
which then acts on the cell surface of an immature egg to cause a resumption of

meiosis.
HE 4 @ RS RS F ?WTQFI‘%I’EI?%Z‘F# FIVASFE PR ?W’J’ETFI‘ (R A RS AT

(i) BRI

Indicate whether each hypothesis is rejected or not.

73 R PSR SR PREET (AR -
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B16. (2 points) After the nucleus is removed from a fertilized frog egg, it is re-transferred
back into the enucleated egg. In another experiment, the nucleus from a gut epithelial
cell is transferred to an enucleated egg. In both cases, the eggs grow well and develop

normally into tadpoles.
B16. (2 53) AU REINH At esFet e o F DA SAARIp ATV e b ekl
TEAAGEVINFINE [ AR pRE Ay o YRR e R 5Nﬁ|"ﬁ§§:ﬁ]iﬂ'§’?‘/
I*ﬁfj’ﬁ@ﬁﬂi[ °

(1) Choose the correct statement from A to E below.
(1) A~E plZeliqeposst
During differentiation from fertilized eggs to tadpole gut epithelial cells:
FREECRE T [ R AR AR pSEAR L
A. gene expression patterns do not change.  LNAIAVBIZ LT di
B. some genes are not expressed, but the genes themselves are not lost during
development.  FjEIRLPLE RS o (LN A 5 fiégﬁigﬁg“@gﬁ;; o

C. allthe genes are expressed. 7 [IugL NESFC AT

D. the amount of proteins does not change. Srf VEVAYREE & S Ak [
E. the amount of RNAs does not change.  RNA [Usfdsl & 2 g [~
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(2) In the experiment above, frog gut epithelial cells were used. If this experiment were
performed in mammals, theoretically almost all cell types can be used as a nucleus
donor, but a few cell types cannot. Which of the following cell types is NOT appropriate

as a donor cell?

(2) - pudr R P R Y R i/D?iPF’]dE‘“?ifﬁfyféf??ﬁﬁ’Ee’? ’ E%ﬁf » FrE | 7
KRR i (SBR[ DR T oY P 1
TR (AR

A. Blymphocyte B W 15~

B. Liver cell J=5fw

C. Mammary gland cell 3*jpGF1w

D. ES (embryonic stem) cell ﬁfﬁﬁﬂiﬁma}

E. Cone cell jpéEsfiw
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B17. (2 points) The figure below represents a cross section of a vertebrate neurula stage

embryo.

B17.(2 53) ™ [ LS PRI e v AR P JAPAE o R -

e

.4

(1) The following are statements about the tissues and organs derived from (a), (b), (c)

and (d) of the figure. Identify whether each statement is True or False and mark “X” in
the appropriate box.
N IRLE JF—ﬁEJﬁ%‘l'H (@), (b), (€) ()73 {1 PR B YV A » e ™ Atk i
FORLSRL > = Bl ORer flg  X IR«
A. Tissues derived from (a) are always associated with those from (b).
73 [T FH(@)puas 78 [F{ = ‘f“El(b)lJ?”?awﬁJ EIEH
B. The developmental fate of (c) sometimes changes.
(Y33 5t N i
C. (d) differentiates into the backbone (vertebra).
(d)rlf?fﬁ} AN (?‘ﬁ%”ﬁf’)
D. Most of the circulatory system arises from (b).

AR RS 1 (b)
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(2) Neural tube arises from (e). The following are statements about the formation and
later development of the neural tube. Identify whether each statement is True or False

and mark “X” in the appropriate box.

FRET [ F1(e) = 4G RO 2 S FISPfiosests - G A RLL- i
PORLSHGRL 25 SO Fl g b X ORI -

A. Cells in the wall of neural tube later differentiate into glial cells as well as nerve

cells (neurons).
PR AR e 1 F’? 7[R PR RA e o RS e (RS )
B. Lumen in the neural tube is later completely occluded.
MRS O YRR S F 1 ok 2 WS
C. Almost all nervous tissue derived from neural tube is central nervous system.
AL HE | PR J$EE$Z$F"EWT§'MII@$$%3%
D. The retinal pigment epithelium in the eye derives from optic vesicle formed from

the neural tube.

VI VRIS 0 B AL o sk e
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B18. (3 points) For intracellular infectious bacteria and viruses to successfully invade a cell,
they must bind to receptors on the cell surface. HIV, specifically infects helper T cells,
which express the CD4 molecule, but not CD8 on their cell surface, making it possible to
distinguish helper T cells from other lymphocytes. Thus, CD4 is hypothesized to be a

receptor for HIV.

B1S. (3 57) S A I JRYIUABAAI ) » 4 IR A O SR () F AT A
HIV = JJ EREAFEDE T A W?@E’ffﬁﬂE'%?&E'l?J CD4 J3+ - [} #| CD8 - 1%

f IE@F‘W [ T A== Pt 15088 55 - P EJ]E F?Jtn CD4 L HIV E['U»g.?% .
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(1) Which two of the following experiments would confirm this hypothesis?
5 R R i < 2
Experiments that examine whether: E*ﬁﬁii‘}ﬁﬁiﬂlﬁéﬁ :
A. an antibody against CD4 added to a co-culture system of CD4-positive T cells and
HIV can inhibit HIV infection of T cells
[t Hi CD4 p'vﬁ@g ZEE CD4A P T SFWaFI HIV £, [ﬁJiﬂ‘ﬁ% a0 ﬁﬂﬁjﬂ HIV @ 5e T Ao
B. an antibody against CD8 added to a co-culture system of CD8-positive T cells and
HIV can inhibit HIV infection of T cells
Yt fi CD8 ot =250 CD8 |y T A M@ AT HIV 4 [ﬁJ%% ' i’ ﬁﬂﬁjﬂ HIV B5e T 3w e
C. an antibody against HIV added to a co-culture system of CD4-positive T cells and
HIV can inhibit HIV infection of T cells
St PR HIV i > =E50 CDA U T RS ATHIV H [ﬁjif'é a0 ﬁﬂﬁjﬂ HIV @ 3e T 5w o
D. forced expression of the CD4 gene in HIV-resistant CD4-negative T cells causes a
recovery of susceptibility to HIV infection
) Fﬁkﬁz HIV B3y T 5 (3 CD4 &) 1 s AL CD4 - iﬁ[r% T Af!
RS HIV o s -
E. forced expression of the CD8 gene in HIV-resistant CD8-negative T cells causes a

recovery of susceptibility to HIV infection

|

:‘ﬂwg@ HIV B3y T 5 (. CD8 #3H) fli - g4l CD8 - i iﬁ@ T A

JPRIESE HIV pUies s -
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(2) It is known that HIV cannot infect mice, although the mouse has CD4-positive helper T
cells, because mouse CD4 cannot bind to HIV. To study further the mechanism of HIV
infection in human cells, the following experiments were carried out, and the results are
as follows:

SUIHIV D] I B ERP S TR S CDA s SERUNEL ] I
U CDA = HIV G £ o B HIV R S JETpRS - 85 S R
IR A

1. When the human CD4 gene is expressed in mouse T cells, HIV can bind to the
cells but cannot infect them.

F{"“ L%g@ CD4 LN HEY T ﬁﬁElﬁﬁJf%fﬂEﬁ > HIV ;,;aglqa},;ag:,ﬁ (gj\ﬁ:@gg\u

2. When human chemokine receptor (CXCRA4) is expressed in addition to human CD4
in mouse cells, HIV is able to infect the cells.

TE AR A CDA R BRI AT A S SR T (CXCRA) HIV
it B -

3. When human CD4 and CXCR4 genes are expressed in mouse cells and the cells
are cultivated in the presence of SDF-1a, a ligand of CXCR4, infection by HIV is
perturbed.

Hi * i1 CDA4 71 CXCRA JLESTE || IEREMEP AH > SRR 00 5 ) SDF-1a

(SDF-1a fL CXCRA4 [iufilfil) fUzbilfifl 1 HIV RSPV 7 057 15 -
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Which of the following sentences states the correct conclusion based on the above
experiments?
FUR FRACRAR R ST TR
A. If CXCR4 is expressed in mouse cells, CD4 is not required for the infection of HIV.
L FTEfUA @Rl CXCR4 > [l HIV {E%ﬁ“ﬁﬂE'ﬁﬁJE\jﬁ\ F%T—fz[ CD4
B. Human CD4 is required for the binding with HIV, and the binding is enhanced by
the SDF-1a ligand.
HIV E?A?Ei’ijﬁf%f,%f 1~ IRy CD4 ) F'Jﬁ:f/f‘EE'Jﬁ@ SDF-1a [ifvIeTi
C. Even if human CD4 is expressed in mouse T cells, CXCR4 is required for binding
of HIV to the T cells.
Bl =N W e ST * [y CD4 HIV ]"J%TFZ,I CXCR4 Tf-= T ,%E[ﬁﬁii’zé%ﬁ
D. Human CD4 is required for the binding with HIV, but infection of HIV into cells
requires help of CXCR4.

HIV S5 i £ 15 » S0~ i CDA4 [0zl i) HIV By R HIfe CXCR4
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B19. (3 points) The majority of humans have erythrocytes that express the Rh (Rhesus)
antigen on their cell surface, but some are negative for the Rh antigen.
An Rh-negative woman marries to a heterozygous Rh-positive man and has three
children.
B19. (3 J3) ™l ~ FRFNAT AR IS R (1930 FUBUAA [ [ Y Rh £
FURLEE R -
SRR R & A B 5~ R BRSO SR 1) 3 ] -
(1) What is the probability that all three of their children become Rh-positive?
3 et ] %= HTHIRL R FRASFORSHRL 270 2
A1l
B. 1/2
C. 1/4

D. 1/8

(2) In which combination below could the second child suffer from hemolytic disease?
A l’ﬁ?ﬁﬁiﬁ’?}@? 2 fﬁ"J‘%’%FLHﬁE"Vf—?
First child Second child
A. Rh-positive Rh-negative
B. Rh-negative Rh-positive
C. Rh-negative Rh-negative

D. Rh-positive Rh-positive
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(3) Which molecules or cells are mainly involved in causing hemolytic disease in the fetus
and newborn infant in case of Rh blood group antigen-incompatibility? Choose TWO
correct options from A to F.

7 Rh " REIAHURL T A FL i b F;upJyﬂ'ﬁ‘;:pqajéggégiﬁqﬁﬁauﬁg ﬁagﬁjrvﬁ[sj

o ?%@A Fi 25 2 Wrfiog .

A. Tcells TiMw

B. IgM antibody IgM ﬁu‘ﬁ%

C. Complement ?ﬁﬁg

D. Interferon gamma 7 T &

E. IgG antibody IgG ﬁ*ﬁg

F. Perforin &%
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Ethology = Ei=8

B20. (3 points)
(1) Foraging honeybees usually perform a waggle dance (Figure 1) when they find an
attractive food source 100 m or more away from their hive. The duration of the waggle

dance indicates the distance to the food source.

BUEIIHEERN 100 22 AL FRREERTRM - f’fE'Jiﬂ EF AR [ R BRERES
o -

The duration of the waggle dance was studied in two honeybee species, Apis cerana

cerana (Acc) and Apis mellifera ligustica (Aml), when food was placed at varying

distances from the hives and the data shown in the graph below.
qg‘, FA. Ace FI Aml e B SR R A g ot Jr:iEé]fF'Ef%'F i@qﬁﬁ&[ﬁ%h o

Figure 2

1)

Figure 1
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What were the distances (m) indicated when the average duration of the waggle
dances of Acc and Aml both lasted 800 msec? Answer the distance for each species
from the following numbers.

Acc F{1 Aml T BB R TR 14D 800 TFHRY - AUSTH G AT BITIEESE -

130 160 190 220 250 280 310 340 370 400

(2) Mixed colonies of Acc and Aml were successfully established by introducing Aml
pupae into Acc colony and vice versa. The young individuals of both species were
accepted by the colony members of the other species. When the same experiment
(Figure 2) was performed on the mixed colonies, the introduced Acc and Aml workers

each showed exactly the same patterns that these species had shown earlier.
J Ace i Ami R UEIEL £ B+ S T BRI SRR R 0 20 R
ggr);}% o Th riﬁlﬁi"lm = ‘:4\51”4' ‘& J’Haf[ AL Iu\g‘]l— H[%*E e [[ﬂfﬁ ﬁl[ﬁjggﬁ

In the final experiment, food was placed at 400, 500 and 600 m, all in the same
direction, and the introduced Aml bees trained to forage at the food source 500 m
away. When these bees recruited Acc bees from the hive, the latter were found to
forage at the food site exactly 500 m away. This was also seen when the reverse
experiment was done with Acc bees recruiting Aml bees.

7 A U Y Aml ErE S FPEESRT 500m SRV ETR A SR Aml BiE S Ace B
AR o (O ([ Ace Brlid S AEITR o P BRI R E e Ei]ﬁ > BTt A P
il -
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From these experiments, what can we conclude about the transfer of the encoded

and decoded information between the actor and receiver bees, respectively?

FE SRR R TSR GREE) 2508 (i) AR i =0 -

Encoded Decoded
information information
(the actor) (the receiver)
PHRIFEIE (A PRI (50
) FELH)
A. genetically genetically determined
determined FLpHc
FLHGE
B. genetically socially learnt
determined ﬁrrﬁ%{%-?ﬁ?
FLNHGE
C. socially learnt genetically determined
ekl FLE
D. socially learnt socially learnt
i N
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B21. (2 points) Red harvester ants (Pogonomyrmex barbatus) are social insects and live in
underground colonies, in which various functions are carried out by different groups of
ants. Below is a picture of one such ant colony. The open circle in the center is the nest
entrance. The four types of lines (i to iv) indicate paths followed by different groups of

these ants. Match the appropriate groups (A to D) with these lines:
RSSO (s R P AR G 55 T FIOTIRS - T L
o IRBEIRTE UM > I S [T ORI PR ISR RL T fﬁJﬁJﬁ:tﬁéﬂ%@%ﬁ
FORVER i ﬁ%ﬁé“ﬁ\ I TRI=hR= iR (A to D)’FE'?TE%F'@?F'IE*J,%L?%(i toiv) -

v

Groups:
A. Foragers 3 A Ppufists -
B. Patrollers s -
C. Nest maintenance ants i “h VIS -
D

. Midden workers or refuse pile sorters (those who pile fecal matter outside the
nest) &I [ b PRAvfiSisg
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B22. (2 points) In birds, there are many ways of singing. This is caused by the fact that brain
regulates the action of the syrinx (vocal organ of birds). In a certain species of birds, two
kinds of vocalization can be recognized: longer songs produced by males in the

breeding season, and other simpler calls heard outside the breeding season.

FURE | T [RIPSRRIEY = IH,T%E'I@}H%WF‘E CRLBHRRR R Y ) Al 3spushifd - F 7 £

?}fﬁh"*a@ FRPE T TRIFRS R < RSB, 5 R VR 2 S ATt T A LR o
(1) If the young chicks of such birds are reared in an environment without sound, adult

birds cannot produce the exact longer songs. Which of the following is the most

appropriate as explanation of the above statement?
DPURY =L A LR R OTRUR L o FIIS FLES T S IR © IR
P B A 04 2
A.In an environment without sound, differentiation between males and females
cannot be attained.=". GRRUL N  CEEL R R T
B. The song is a mode of behavior which is determined by learning after hatching.
PR SR RLF i 1
C.In an environment without sound, imprinting of the gene responsible for the song
cannot occur. rﬁ%ﬁﬁ FFLPF FLPRE R 0 HR OBy T R -
D.In an environment without sound, the auditory sense cannot develop.

SR BRS¢
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(2) Although chicken and quail are closely related, their calls are different. An experiment
was carried out in which the presumptive brain region of 5-day-old white chicken
embryo was substituted by that of a brown quail embryo of the same age. Then the
host chicken embryo was incubated. The hatched chicken had some brown parts in its
brain, which indicates that these parts were derived from quail. The calls of this chicken
were more similar to that of quail rather than that of chicken. Which of the following is

the most appropriate conclusion deduced from the experiment?

SEETRIN S :ﬁﬁféll EIRELT PHi’»?‘ﬁ NGRS SR Nk Kiﬁ“] Fﬂﬁ“ﬂeﬁ;ﬁ FL A A Y
gyj’~ﬁww*@EW$wﬁﬁyv%&m1%%wk’Jﬁﬁw%$ﬂ BT R
B [F‘f RLEERARAT ,‘Tﬁ'ﬁ S e ’E" PP RER A o ﬁeﬁit‘ AL AR -
RLFEORLER o IR S > PP g ?

I. Calls are species-specific and are determined genetically.
LR LTS B = LR

II. Calls are determined after hatching.
PLIERRLIFR (=) B F e

[ll.Calls are determined by the structure of the syrinx.

LB RLE R AR s R Ol

A. Onlyl FLE 3
B. Only Il UE
C. Only I FUE el
D. land Il Rl
E. landlll [ A
F. Illand Il
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Genetics and Evolution iﬁ@ﬂﬁ@’[’“‘

B23. (4 points) In an experiment on the members of a family with the pedigree shown below,
blood plasma and blood cells from different individuals were mixed in pairs to test the
presence (p) or absence (a) of coagulation. In this pedigree AB- means that the
phenotypes of individual 1 (mother) are AB type and Rh negative (Rh’), and B+ means
that the phenotypes of individual 2 (father) are B type and Rh positive (Rh").

(453) ™R - FRRORR o - TR PRI RS YR SRR
RS o IR A+ F B ER(P) o T RERTER(a) - TR AB-RA YL (%

H1) pUFHEEL AB B % Rh]E > B+ [V#AY £ 2 (YH)) (VAR B B Rh % -

2

OOOL
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The results of this experiment are shown below. A blank box in this table indicates a
combination that was not tested in this experiment.

Py s (/Dm s I E [E[fﬁh% b R T LP*:EH&AEH [ 4 ZEH%FS_Z'I%E F:[ °

Plasma donor

A
1 2 3 4 5 6

1 plajp P

2| p a p
§§3pp pPip|P
§§4aaa P

5/p|p

6|la|p p|a

(1) What are the phenotypes of individual 6?
Ry FIGRVASIEEL [ 7
A. Atype and Rh" AZ|®Rh[if{%
B. Atype and Rh™  AZ[*Rh[i 1%
C.Btype and Rh"  BE|*Rh[ij{*

D.B type and Rh™  BE|*Rh[i&{%

E. ABtype and Rh" ABZ|* Rh[ij %

F. ABtype and Rh"  ABE[* Rh[ |+
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(2) Which member of this family is probably homozygous with respect to both the ABO

blood group and the Rh loci?
SE SR NPRES EIFUABO™ BIAIRN ™ RIFUELER] » Ry il Rl &
A. Individual 2 Ry E12
B. Individual 3 RYET3
C. Individual 4 w14
D. Individual 5 Ry EIS

E. Individual 6 Y Eﬁ6
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B24. (4 points) In maize a single locus determines the color of the seed; allele A results in
colored seeds, and allele a in colorless seeds. Another locus determines the shape of

the seeds; allele B results in a smooth shape of the seeds, and b in wrinkled seeds.

(4 53)7 = A F- [ PO PR R S AU S{iELWAiﬁE&?J%ﬁé’[ﬁfﬁg%‘ =
P @ IEI IR ¢ pIg - [ELPE BTSSR BT RS 0 b
PR -

In a crossbreeding between the plant that grew from a colored and smooth seed and

the plant that grew from a colorless and wrinkled seed, the offspring were documented

as:
SRR T P PO REEE C E A RE S R i B ST
376 had colored and smooth seeds 376 F£2' | F| <1 %ﬁ%é%’
13 had colored and wrinkled seeds 13 FfZ'F|F| o1 A~
13 had colorless and smooth seeds 13 FRZ'F5.<1T ¥FHJ e
373 had colorless and wrinkled seeds 373 Ff2"F | cIfpHFE

(1) What are the genotypes of the parents?
BB 2
A. AABDb x aaBb
B. AaBb x aabb
C. AAbb x aaBB
D. AaBb x AaBb

E. aabb x AABB
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(2) What is the frequency of recombinants?
E gl b B B 2
A. 0.335%
B. 1.68%
C.3.35%
D.6.91%

E. 48.52%

(3) Three loci C, D and E are located on the same chromosome in this order. Using similar
experiments to the above, we found that the frequency of recombinants between C
and D is 10% and that between D and E it is 20%. Assuming that crossing over occurs
randomly on the chromosome, what is the expected frequency of recombinants

between C and E?
[fil= e FAY= (WL [ C ~ D AIE PO o R R B iR - B C
VRIRUEAS S T 10% > D~ E VE]EE 20% - fﬁ;?‘g{ucﬂﬁgﬁfjf' BapllESm 2 py s [ C
E [EIRYs R A A B 2

53



IBO-2009 JAPAN
THEORETICAL TEST PartB

B25. (3 points) The evolutionary distance is defined as the number of nucleotide
substitutions per nucleotide site between two DNA sequences, and the evolutionary rate is
defined as the number of nucleotide substitutions per nucleotide site per year. We
sampled two DNA sequences from two species (one sequence from each species), and
found that the evolutionary distance between the two sequences is 0.05. We assume that
the evolutionary rate is 108,

[ BB A T Y T i) DNA ST o 50 R Pt 1 oy v Ppogit | o 3
AR IES ) 5 B AP Ph i BT PG ] PRIV PR AR 1o 25 (Pt P 7E L 122 20 R
DNA H 7U<§E¥$H%> I I PR, 0050@%%m<$}t 10% >
H]

(1) How many years ago did the two sequences diverge?

IR %P 5T 2

(2) What is the relationship between the divergence time between the two sequences
(T1) and the divergence time between the two species (T2) in general?
~ AR PRI ) [ RRICTLA R P9 53 [ I T2)FRH (55 7 2
A T1<T2
B. T1=T2

C.T1>T2
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B26. (3 points) Preproinsulin is the primary product of the insulin gene, and consists of 4
major parts: signal, B-chain, C, and A-chain peptides. After several modifications

including removal of the signal and C peptides, insulin is obtained.
(3 59 HuF o FULHLAL SRS POk oRaE 3 = BT 4 [0 1 L B CHL
PP A GRS o S [RERVETSA C IR 2 VAV ISEf = s > Tt SR R -

(1) Which of the following peptides is responsible for the transport of polypeptide into the

endoplasmic reticulum?
I (T TS P
A. A-chain peptide A GET:
B. B-chain peptide B Gk
C. C peptide (OREX I

D. signal peptide RS

(2) Comparisons of amino acid sequences among mammals show that the sequence

similarity between species varies substantially among the peptides. Which of the

following is the most likely explanation?
P 5 BRSPS P RO O o S0 E ] AR
PHERS £ o N IIF H R iR

A.  directional selection [l 45 (i)
frequency-dependent selection ﬂ,ﬁ‘f%ﬁﬁ%ﬁ%”«%‘

C. overdominant selection (heterozygote advantage)
HERIE S (BB A~ RS

D. purifying selection (selection against deleterious mutations)

R CEIRER IR
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(3) Which peptide is likely to differ the most among mammals?

-
A.

B.

IR P B R B 2

A-chain peptide A GfETs
B-chain peptide B g4
C peptide C %

signal peptide EAAE
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B27. (4 points) In order to quantify genetic diversity of an endangered plant species, genetic
variation in subpopulations (I-1V) was examined at the protein level. Subpopulation I is
the largest in this species, and the number of individuals in all other subpopulations I, llI
and IV are each 1/7 of that in subpopulation I. In each subpopulation 5 individuals were
sampled. The diagram below shows the results of proteins separated by gel
electrophoresis. The band pattern in each lane, which consists of alleles F and/or S,
represents the genotype of each individual at a certain locus.

(4 53)45EE RSP PR ORI ES  SPEF [l BER(-IV)pORL PR - ok
VIO STAT « T8 | KRS PR 07 T H RS [ E(I-IV)E L U R |
/7 - Fray— = ﬁ*EHIFﬁ?V R RS 5 *q%ﬂ”%rﬁ PERET I@T;ﬂ]‘iyﬂf’ﬂ*ﬂﬁ] U B

B IR o 20 LN F o3 s (Fandlor S) o ij¥l Fo SFOgE £

-

2 InESE j gu%&?ﬁ o

Subpopulation | = F* | Subpopulation 1l =" #% 11
F I F
S S
Subpopulation 111 = F= I Subpopulation IV = F% IV
Fomm— — F o o—
S S
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(1) Estimate the frequency of F in this species.

RO TP F P -

(2) Which subpopulation is thought to be the most isolated group?

e T R T EE

(3) After several generations, we found that the frequency of F changed substantially in

subpopulations Il, Il and 1V, compared with that of subpopulation I. What is the most

likely explanation?
STEGTET S 5 PR AT
HERLRE N S e R 2

A. Genetic drift LR
B. Migration  PrFEEFL
C.Mutation  Z¢#egh

D.Natural selection  —~4&

W
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B28. (3 points) Islands are considered as “experimental sites” for biological evolution and
community assembly. The diagram below shows two phylogenetic trees, each
consisting of 9 species (a—i and j—r) and community assemblies on 6 islands. Phenotypic
traits of the species are represented by size and color.

(3 77) bR FLRLE P AIRER AL AR “drhesy” « e Pl %ﬁﬁrélﬁﬁ £ el
ﬁ\fﬁé | 9 i (ai and j—r) ¥ i 6 fi ) FOREE Y . iﬁﬂfﬁ*y@p@[ﬁ:ﬁ-@ A FIBE
ERE

a b c d e f

'?99@9@@9

I mn op qr

'@@99@79@
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Which of the following explanations are responsible for the mechanisms of community
assembly on these islands? Choose THREE correct options from A to H.

YRR U » SR VR R o S PR © A S H [l

=L ngmﬁi o

. Evolutionary and genetic Ecological interactions
Options | Islands ; .
- £l structure of species between species
= " PIEO S WA PrEf 2 R S (27
Phylogenetically closely Competitive exclusion in
A 1,2,3 [elated descendent species
HAk B A Fi FYPITE B 2 T R LG
Niche specialization in
Adaptive radiation descendent species
B 1,2,3 s e LA S h L i el 7 :
TR T % PPIFE L FERTE (niche)
il
_ o Niche overlap in descendent
Adaptive radiation _
C 4,5,6 R species
R O
i [PIRE 2 RE R A
. o Niche specialization with
Sympatric speciation o _
D 4,5, 6 o competitive interaction
I’ﬁjiﬁ&@]A El A E LT P VAN N S 7L ra>
= E [P R S R TR
Phylogenetically distant Niche specialization with
E 4,5 6 |species competitive interaction
H AR A P et 7 Gl Fﬁ% e p 2 B R 1=
Often seen in oceanic islands rather than land-bridge islands
F 1,2,3 |, A Y ira e
LI 2
Often seen in isolated island rather than those close to the
G 4,56 |mainland
i L ST T 2 T
1,2,3 |The community on 4, 5 and 6 are more sensitive to the
H VS invasion by an alien species than thaton 1, 2 and 3
4,5,6 [HEE 456 FREE 12 3B IE T FRIRANE
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Ecology =%

B29. (3 points) The following diagram shows the cycle of nitrogen compounds in an

ecosystem.

N RRLE R R AR AR

N, in air

[ )
\
Nitrogen compounds in plants and animals
A eS8t Sy

C D E

NO; ‘_F NO, T NH,"

(1) In which of the processes do NOT bacteria participate? Choose TWO from A to G.

[PPSR A 2 [ A 2 Gl Ry

(2) Which of the processes may include a symbiotic relationship between a species of

plant and a species of bacterium?

[P S B R P 5 R A 2 R 2

(3) Which of the processes do farmers want to inhibit in agricultural land?

B PR B T - S 2
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B30. (3 points) The relationship between population density (N;) and population growth

rate (R = N1 / Nt) in a certain animal species is shown below.

P RL R AR R (N R RS SR (R = Nisa / Nt)ﬁ”ﬁ%l’ i)

Growth rate
H

Density

Choose from the following graphs the appropriate population growth patterns that
would be obtained if the population is at the densities (I, Il, 1) shown in the graph above.
Note that the y-axis in A to D is relative density that cannot be compared to the absolute

density in the figure.
ﬁﬁ\ E-[@IH IEH'.T?E']“ W) H”&J—ﬁ%[ T~11~1 E\;J:g,;éfig\pgjﬁfﬁé? Z%ZSFT?J A ?U b [ﬁ[
RS y- g R LA R ) 2 R R T -

A B C D

NV

Time

Relative density
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B31. (2.5 points) Competitive exclusion among species is regulated by various ecological
factors. Identify whether the following statements are True or False about this process,

and mark “X” in the appropriate boxes.

Competitive exclusion:

A. is intense among species with similar ecological niches.

B. is occasionally interrupted by environmental disturbances.
C. is promoted by species succession.
D. is alleviated by habitat segregation among species.
E. occurs because of keystone species.
B31. (2.5 points)P ARVt PRT #0723 JRPN-TGE « AT GIF RETTERT UL

Sp
A A AW

PEETEET
A. i EfERIT (niche) TP D T
B. ({1 PBURLT T by
C. ENFPIEf=
D. fqPrme s B ) g s
E. L Rilgep ey 1
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B32. (3 points) The diagram below shows the results of an experiment on the vine Ipomoea
tricolor, in which root competition and shoot competition were separated. The average
dry mass is indicated by open bars, and the coefficient of variation (ratio of standard
deviation / mean) of mass among plants is indicated by hatched bars. Identify whether
the following statements are True or False about the competition mode of this plant
species, and mark “X” in the appropriate boxes
- [ﬁln@% H |- FECESE P Ipomoea tricolor ER AR At o RS N o B0RR ] T 53 ANAEELT
TEREEE] o 7[?*}{4\[}%,‘,1 FIFSE e 2o i :g\@@f}ﬂg@j‘ fé@izg, = FeNEy e tu@;fﬂg[ Bl fLfoagh
o R (g S BEOL =) o I SIS L T R 2R
s X -

i i

r]

LJ_. o
| —— — vs1 | =
Ll WA 1 vad ¥4 ¥4, 2

no shoots roots  shooms4roors
-y B 3--2y wrEH R
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A.

Competition for light has more influence on the average mass than competition
for soil nutrients.

Under conditions of competition, individual plants have stronger potential to
monopolize soil nutrients over others than they can monopolize light.

When grown individually, soil nutrients constitute a limiting factor for growth, but

light does not.

BTN I 4 BT PISIE P S OB R
T ERITREE ,%W?JFB*@“J[J‘@ Seidilon Ging R a R b Ml OipaREd
FRPT B R o TR SIS SR AL
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Biosystematics = 725k 55 &

B33. (3 points) At which branches A to E in this phylogenetic tree of green plants were the

traits | to VI listed below acquired?

Tt Lﬁﬁﬂﬁ'l@?’lﬁ%%ﬁﬁﬁll C N EIEEIVE OIS PIRLET A E] E P 55 G 2

Green algae
5 A
Charophytes
L5 3
-[I_ Mosses
A af
| Fems
B | o]
Gymnosperms
C thEm
D Angiosperms
s
E
[. Pollen I
II. Tracheid fg‘fﬁﬁlﬁwﬁéi\ﬁlﬁf
1. Cuticle e
IV. Seed FEi
V. Carpel N
VI. Multicellular embryo K2 LCUSSLER

66



IBO-2009 JAPAN
THEORETICAL TEST PartB

B34. (5 points) The universal phylogenetic tree based on molecular sequencing analysis
shows three major groups of living organisms as shown below. Woese proposed the

concept of three domains in living organisms in the 1990s based on such a tree.
BT P ?UE@%J%%%W%P Bim P g = NIEEE - Woese AUEIHTE 1990

R S P i pus .

Domain | Domain Il Domain Il

The root of the tree
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(1) What was the molecule used for the construction of the universal phylogenetic tree?
What was the benefit of this molecule for the universal tree? Choose the
combination of the molecule and benefit.

e AR AR 3 KT 2 5 OB 2
T %Hlf'“[%r RS -

Molecule 73+ Benefit @Eﬁ
Ribosomal protein Low substitution rate of amino acid sequences
A e S
KB (SR PR
Ribosomal protein High substitution rate of amino acid sequences
B e - . N T 5t s
kP i AR Pk
Ribosomal RNA Low substitution rate of nucleotide sequences
C . , o e
1 RNA (S Pt sk
Ribosomal RNA High substitution rate of nucleotide sequences
D . > P 1,0 A
FiFIME RNA izilcaallEE,
Globin Low substitution rate of amino acid sequences
E ——Ln o " 7 , N s | =R N S
St (B PRI
Globin High substitution rate of amino acid sequences
F N L . > 1=, T EY 157 -
i L P
Transfer RNA Low substitution rate of nucleotide sequences
G I > R T
tRNA (AP Pl
Transfer RNA High substitution rate of nucleotide sequences
H N
tRNA S Pl e
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(2) The two broken arrows indicate hypothesized endosymbiotic events whereby
members of Domain | became endosymbionts of Domain Il. What are the two
organisms that were involved in these events, what did they become in the cells of
Domain Il and what is their current biological function in the Domain Il organisms?

P R ASPERET (SR % Fvf - 7 f= Domain | 5% £155 £ Domain 11 iy [
EfE - PIRES PRI i 2 PP @ Domain Il SRS -
MR Domain I Pofg ™ (I KL 2

Domain | Domain Il Function
Older symbiosis
L8 % py
Newer symbiosis
EEEN
Domain | Domain Il Biological function % 4752
1. Cyanobacteria fZ#g | 1. Mitochondria ﬁ?&'\?%‘,, 1. Photosynthesis Fﬁ' [EH]
2. Chlorella ##SF 2. Respiratory chain =g | 2. Nitrogen fixation [iil % [=" |
3. Gram-negative 3. Flagella #ffi== 3. Glycolysis P (=]
respiratory bacteria 4. Chloroplast ﬁé{#&?ﬁ 4. Respiration [k £ |
[ e I R T . : . ,
ﬁﬁ%’ ErEp= 5. Chlorophyll % ¥k 5. Conjugation }%ﬁ|‘EE'J
4. Gram-positive 6. Nuclear 1wty 6. Movement g
fermentative bacteria
’rﬁ%? SN SR R
5. Spirochaeta [kl
6. Virus V’EFJ%Q
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(3) Which of the following corresponds to domains I, Il or I1I?

Domain I, Il, == 111 53 R[IE5 ™ 5[l
A. Archaea ?I,%E[Eél

B. Bacteria H'ifIFA

C. Eukarya Hifj %4
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B35. (4 points) Joseph Camin, a taxonomist, invented artificial non-existing creatures, the
Caminalcules, for his students. Below are depicted four different Caminalcules.
E[- fF 53 K% Joseph Camin £ Fypvss ﬁﬂiﬁtf& . iﬁﬁf@?]%‘éﬁ 1 Caminalcule > I') ™ £

P4 T [FlY Caminaleule

Take a close look at the following four Caminalcules:

B e Fj[[p97E Caminalcule
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(1) For these four Caminalcules, choose an appropriate cladogram by focusing upon the
following characteristics. The most likely tree should be the one where the largest

number of characters can be mapped in the internal branch.
SRS Caminaloule » [T TG~ (HELEAIY T GPARRTHY - B
R ﬁ:ﬁ'ﬁ@\’?ﬁkqgﬁiiéﬁ PR R

1. Antenna i

2. Belly spots ﬁgj&#[‘

3. Elbow

4. Fingers [~

5. Neck &

6. Spots at the side  {H]75¢

7. Posterior legs =¥

A B C
CRN - 2 C 4 . _ + b I _ 2 C
A N VN VBN
b d Cc d d b
Internal Internal Internal
branch branch branch
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(2) Choose characteristics from the list in question (1) which presumably evolved

convergently (independently lost or acquired) in two species of the four.
FEFRE (L) R Bl P SR e D RS AT PR LTI [ OB ISR
FA)?

(3) Assuming that “Caminalcule a” is a sister taxon of the other species, choose an

appropriate rooted tree from the following.

iE;F% Caminalcule a fLE! = FERURPIRRETE » fE ﬁ[JFﬁ [ﬁ‘H li%’H'.;EﬁiE;EI}’E' LR
qgﬂl .

A B C

b c d a b c d
E
c b d a c b d
H
a d b c a d b c

*nn e END OF PART B *%w

a
D

a

G

a b c d
F
a c b d
|
a d b c
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