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Dear participants,

Check your Student Code on the Answer Sheet before starting the test.
The questions in Part B may have more than one correct answer. Fill your answers in the
Answer Sheet._The marks, numbers, or characters to answer questions in Part B vary

depending on questions. Unless mentioned otherwise, mark the correct answers with “(”

and incorrect answers with “—”" for multiple choice questions on the Answer Sheet clearly,
as shown below.
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Write down your results and answers in the Answer Sheet. Answers written in the Question
Paper will not be evaluated.

Some of the questions may be marked “DELETED”. DO NOT answer these questions.
The maximal points of Part B is 120 (3 points for each question)

Every cell counts in each question. Then you will get the points.

Stop answering and put down your pencil IMMEDIATELY after the end bell rings.
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Good Luck!!
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l. Cell biology

Problem set: Efz"

Figure 1 depicts the cross-section of a certain cell surface structure observed by electron

microscope. Answer questions B1 and B2.

RAE: T BRI E IS - [T BL 2 B2 O -

B1. Which of the following possess the above structure?
IR s g
(A) Paramecium &1,
(B) Escherichia coli MRk
(C) Tracheid of gymnosperm ?EJQ'@%'*’J*ET’@EJ (f@;ﬁiﬁ?)
(D) Human oviduct epithelial cell  * Xy rlaf e
(E) Human tracheal epithelial cell = * %5 iy =L Mo

(F) Human intestinal epithelial cell ~ * XgpiE1 b Reaf e
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B2. What is/are the functions and what is/are the major chemical composition of the structure?

EIREAEAY GRS 2 B 5 T

Function options: ZJf-

(A) Attachment i3

(B) Locomotion 3HIFi
(C) Transportation ;Eﬁ‘?ﬁ?j
(D) Secretion ;)%

(E) Absorption [

Composition options:
(P) Cellulose 753k
(Q) Protein {1
(R) Mucin Zflﬁifﬁ:gﬁ-ﬁl
(S) Lipid %7

(T) Nucleic acid  fJ[&
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B3. Some pathogens produce exotoxins that can cause human diseases. One type of exotoxins
consists of two polypeptides, subunits A and B. Subunit B can bind to surface receptors on
the target cells and cause the transport of the subunit A or associated molecules across the
plasma membrane into the cell. Once the subunit A enters the cell, it inhibits protein
synthesis and destroys the cells. Which of the following statements regarding exotoxins is/are
correct?

B G RR ETE i Ea HE1 A B Ry A
gﬁ' b B }}’ijfjA‘ D ,iﬂglqwqg'ﬁal}[ ) F’Tgﬁ’,ﬂafﬂr A & wai g F IHH\EI
T B9 ot o S 2

(A) Subunit A alone can cause disease.
BIB9S JT A A it ooty it
(B) Subunit B alone can bind to target cells.
HUHpu S HI G B 2o s £
(C) Subunit A may carry other molecules to enter and kill the target cells.
h?ﬂ A F"Ex'ﬂ‘El [}37}:3":'3:?[%* ﬂ\Elqw » 3L ?‘“ﬂ“\Elql:d
(D) Subunit B may carry other molecules and assist these molecules to enter target cells.
HIE B H‘Cﬁ%ﬁiﬂ [P RN o jjjﬂﬂi;‘;' A e
(E) When conjugated with an antibody against breast cancer cells, subunit A can kill breast

cancer cells.

HRHIE A R B £ L PR R
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Problem set: fEx-'

Some leucocytes can ingest invaded pathogens by phagocytosis. Digestive enzymes that kill
pathogens only function in acidic conditions. Please answer questions B4 and BS5.

éJEfE' 'i"'}«'T‘F:%LIE' I?Tp,if;?]"gglmégﬁn IH;]L i J;TE VLPE’ lﬂ‘d#T Jﬁ’ﬁ{?ﬁﬁfjpﬁi 2
T PRI ST © IS B4 BS O -

B4. Based on the information provided in the following table, complete the synthesis process of
digestive enzymes during phagocytosis:
RSN TR IR EL T ST R IO Pk o -
ﬁﬂ}{ﬁj’r’ﬁ"gg VEEEIE A:JF“HI

@ Replication FFi] (® Endoplasmic reticulum  [* |5}
@) Translation {EIZE ® Vesicle i@
(@ Transcription fEIEE (@ Lysosome ?’F’T’ 15 FE}
(@ Mitochondrion 7{?‘1“3“&’&%%} Golgi apparatus ﬁ,’ﬁlﬁ’ﬁ%‘
(1) mRNA-ribosome complex is transferred to a to continue b .
mRNA — i f,f[*ar[g’ﬁui}':’??[l NE
(2) Synthesized enzymes enter C and d for modification.
Frega v ’F’? g &5 [
(3) The modified enzymes are stored in e

FSBIEAOTE R
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B5. Tom isolated phagocytes from a blood sample. He cultured these phagocytes in a test tube for
a period of time. To observe phagocytosis, E. coli was co-cultured with phagocytes. What
will be the consequence if you neutralize acidic pH in lysosomes inhibiting proton pump by a
specific inhibitor?

L 1A T B R A TR IR - R
A S B B OB S R B IR
PRV R o e SPRIERY pH il o M IR G g 2

(A) Phagocytes can recognize kill E. coli via toll-like receptor.
IRV O PRE B > R toll- like <SRBI

(B) Ingestion of E. coli by phagocytes is inhibited.
LG LEERE S

(C) E. coli can survive in phagolysosomes for long periods of time.
AT 1 FRRGT

(D) If phagolysosomes are formed, the digestive enzymes in them are inactive.
N YT SRR o [ A R T S

(E) Phagocytes can secrete ingested debris out of the cells.

Al Wwfﬁ [ A POFEA 2 A gt
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Problem set: fEx-'

Jessica is dissecting a signal transduction pathway (depicted in the following figure) that leads to
oncogenesis in cancer cells, in the hope that she can find inhibitors to block the signaling
pathway and use them as chemotherapy drugs for cancer treatment. Please answer questions
B6-BS.

BRI A (B TP ORISR (U ) o B TS
SRR R RS - Rl IR © il ATHIE BO-BS «

ligand
aee )7 X

HHHH HHHH cell membrane fHAEE
receptor
ZHe
—_— B —> . = cell response
. FRRE IR e
Y: tyrosine
fi% BB signal transduction pathway

BB R
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B6. Components of signal transduction, including A, B and C, usually are activated through
phosphorylation or dephosphorylation reactions. What are the mechanisms by which
proteins A, B and C are phosphorylated or dephosphorylated?

FORL GRS ]G TET A, B, 9 C PR RV [ (8 5 R [ I

G TT A B, S C ORI~ [ B R [~ [ G 7 2

(A)Receptors may contain enzyme domains which can catalyse
phosphorylation/dephosphorylation reactions.
OB S| PR BV (domain) PRIFE (B {20 5 S R [ =R
(B) Enzymes that participate in phosphorylation/dephosphorylation reactions may exist in
the cytoplasm.
ST (T 9 3 R [ [0 Tk o AP TR
(C) Proteins A, B and C may contain enzyme domains which can catalyse
phosphorylation/dephosphorylation reactions.
sref 1T A, B, =2 C SISk B EE (domain) PNIF=R- (B [tk = 5 [0 S Atk (= 5]
(D)Phosphorylation or dephosphorylation may not be mediated through enzymatic
reactions.
T [ (2 | S o R [ [ | ek (20~ s
(E) A phosphate group is transferred from the receptor to protein A.
Eﬁ@[ﬂ%’j FIo 2] G TR A
(F) The phosphate group can only be provided by H3PO,.
BRI R 5)
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B7. Which of the following experiment can prove that the signal transduction pathway is B—C,
but not C—B?

AR H ORI L EERLE T B—C 2 hiZE C-B 2

(A) Adding an A antagonist will activate B. 1% Al J}?ﬁfﬁ‘ﬂ ' B }-{‘—’]’ F‘MF[ [~

(B) Adding an A agonist will activate C. J[I* A [ J}‘Fkﬁ@ﬂ » C }-[’—T f JFMF[ [~

(C) Adding a B agonist will activate C. J[1* B E\J}ﬁﬁ@ﬂ > C K ﬁﬁ@?ﬁ [~

(D) Adding a B antagonist will activate C. [I* B Efj}ﬁﬁ”ﬁﬂ » C K ﬁw?ﬁ [~

(E) Increasing the expression level of B will generate more of the active C molecules.
B AR TR S SRR C %

(F) Cell response can be observed when B antagonist and active C molecules are added to

the cell. "J[lj B E[J}?ﬁ“@f&"ﬂ =1 FU C i+ ’mE[qu’JfL{ﬁjL['%“{’ﬁ%

B8. If this is a highly activated signal transduction pathway in cancer cells, which of the
following processes may the signaling pathway be involved?
,ijgﬁ{E[qu %'TL[rgi Hﬁjf[[ pj Fy SR RS :i;,ﬁLﬂ[PﬁéJ‘E 1 %ﬁﬁgjf‘gﬂ;ﬁ?m \r/”[’ﬁ

PR [5EA 2

(A) Inhibiting cell division ﬁﬂﬁjﬂiE'ﬁ 955 44

(B) Inhibiting cell differentiation Tfﬂﬁ‘][]ﬁ’tElqﬁlﬁ [~

(C) Hypomethylation of some tumor suppressor genes Eﬂé@{ﬁﬂﬁjﬂﬁl PR PIERL (™
(D) Activating the transcription of an oncogene 3 Jl E’UEE%@L[’EE'JFMF? [

(E) Arresting the cell cycle at S phase %E‘ﬁ%’_ﬁ_{ﬁﬂ@ﬁﬁﬁ& S #

(F) Inhibiting the expression of some DNA repair genes 7% DNA F%Fﬂ%ﬁjﬂﬁ}fﬂﬁjﬂ

10
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B9 lln protein synthesis, there are 64 codons, 61 codons specify the 20 amino acids and the other

ccurred in the

,_E[Tﬁﬁ%lﬁﬁé A el bl ;qug\ﬁ[ﬂﬂﬁfjg‘gf@,
3 @ﬁ%ﬁ‘)ﬁﬁiﬂ ’
Ser-Arg-lle-Leu-Ala-Ala-Lys-Tyr [ 7

Ser-Arg-lIle-Trp-Arg-Gln-Lys-Tyr AuZA@%] o

ucu
ucc

U

UUA UCA
uuaG uca

CUU Leu | CCU Pro
CUC Leu | CCC Pro

CUA Leu|CCA Pro
CUG Leu | CCG Pro

AUU lle | ACU Thr
AUC lle | ACC Thr

AUA lle| ACA Thr
AUG Met [ ACG Thr

—
=]
o
[ H]
in
e
c
Q
O
Q
w
[T
e}
|
QU
=]
£
)
(4]
=
Ll

GUU Vval | GCU Ala
GUC Vval | GCC Ala

GUA Val | GCA Ala
GUG Val | GCG Ala

(A) 1 nucleotide mutation Hf 1 {faf%F] h2e
(B) 1 nucleotide insertion jﬁ“ 1 [[ﬁ'ﬁj,ﬂ £
(C) 1 nucleotide deletion  f]f= 1 |[al7F2ﬂ 24
(D) 2 nucleotide mutation 2 ['[E{?Fj}ﬂ E&ﬁ!@ & g
(E) 2 nucleotide insertion jﬁ 2 [EAE P
(F) 3 nucleotide mutation = 3 [HFGF] ik

11
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I1. Plant anatomy and physiology

B10. At the time of pollination, the living pollen grain typically consists of only the tube cell and
the generative cell. During the germination of pollen grain, a pollen tube is produced and
the nucleus of generative cell divides and forms two sperms. Directed by a chemical
attractant (such as GABA) produced by the synergids, the tip of pollen tube enter the ovule
through the micropyle. Then in the embryo sac, double fertilization occurs by the two
sperms. Which of the followings are correct as concerning the pollination and double
fertilization?

DS (PR » PoIRE SR U A % SRR WA TR R 7
@TL%}»E‘,TE‘ & FEAF T 53 B (gAY - Tk f iqE JTE[,F.JF R LAk e SN
SEPITT(I GABA)THING [F5 > (G5 * TSR P | - ARG TR B A S O -
/IJ?JF%T%T"Q%? (R ORERR - B 2
(A) Tube cell, sperm, and synergid are haploid, while generative cell and zygote are
diploid.
TS AV SRS L N o (L AR 54T A
(B) During the pollination, a gradient in GABA content is formed from the stigma (low) to
the ovary (high).
B (BRI > GABA BV A EWIRRLIEAZPE (%) =75 ()
(C) The two sperms fertilize two eggs, but only one forming zygote.
Py ORISR (1 UF )~ e
(D) After fertilization, one zygote and one endosperm initial are formed.
S R (R LR LT
(E) Germinated pollen grain is male gametophyte, while embryo sac is female
gametophyte.

TL*]} F{, £ IQ'?E ) ﬁjﬁfég_t@, & [:li'?%‘

12
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B1l. Mary divided 30 pots of plant X of similar condition into 10 plants per group, with each
group being treated with different types of light regime. After a month, the flowering
phenotypes of each group are shown in the table below:

AP 3 0 B CHREROREY X T s e T O RRRATY > 21 IR IR - — 2]
R SR R

Treatment Light regime Flowering result
Gl S/ R B L
D 12 hr 12 hr All 10 plants flowered
1 ORI -
(ID) 14 hr 10 hr 9 plants flowered, and 1 plant failed to
flower
O R » 1 A B

(I1T) 16 hr 8 hr All 10 plants fail to flower

| | 1 O AR Bl =

| |
Light & Darkness Eff,

According to the information above, which of the following descriptions of plant X are

correct?  FEIHA T \Z/U"EJEJ%@#’U X pusFt - [ ?{Eﬁ% ?

(A) Plant X is a short day plant

Fi1 P XRL S 1 A 9

(B) The critical dark-length required by plant X for flowering is less than 10 hours
PR P XEH [ YRR e =8 10 1R

(C) If group III is given an “one-minute dark treatment” in the middle of the light period,
after one month, most plants in this group will flower
EEDIE ek LA - i = S Sl R N i S L R
SR T

(D) If group 1II is given an “one-minute red light treatment” in the middle of the dark period,
most plants in this group will not flower right after one month
FEut L N R R e - (R N R e o[ SR (B0
P T

(E) If the apical buds of group I plants are removed before giving the light regime treatment,
then most plants will not produce florigen required for flowering after giving light
regime treatment.
FTERE D K RV T K SRR 1L R [ RRIR R T
K BECED B TR Bk

13
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B12 and B13 are a problem set B12 & B13 FREEHAEY

Dr. Wang carried out experiments with the model organism Arabidopsis thatliana, and identified
the two proteins Phototropin 1 and Phototropin 2 as regulators of stomata opening. His
experimental results are depicted in the following figure, illustrating the stomata of plants during
the day.

= Tﬁ?ﬂ [ ETfEES S AR5 Z{[RY7E 12T Phototropin 1 Phototropin 2 i F%ﬁﬁ S Y

BRI > R R O o PO AP IR 38 P

Wildtype Phototropinl-- Phototropin2-- Phototropinl~-
Phototropin2--

14
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B12. Which of the following pathways potentially depicts the relationship of Phototropin 1 and

Phototropin 2 on a molecular level?

N FPFES YA« Phototropin 1 % Phototropin 2 73— "ghb ity (=5 [IfAH ?

(A)

Phototropin 1 Phototropin 2

<—<—<—<—<
<—<—<—<—<

Stomata opening

(©)

Phototropin 1

\%

Phototropin 2

%
%
%
\%

Stomata opening

(E)

Phototropin 1 Phototropin 2

e
“cecece

Stomata opening

(B)

Phototropin 1 Phototropin 2

Stomata closing

(D)

Phototropin 1

\%

Phototropin 2

%
%
%
\%

Stomata closing

15
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B13. Which of the following processes could be regulated and/or mediated by Phototropin 1 and
Phototropin 2?
S lIPPE= A fBE Phototropin 1 & Phototropin 2 ?ﬁéﬁ ' }i¥ Phototropin 1 » Phototropin
2 USSR 0 TR ©
(A). K" ion efflux #HE+ il (B). K ion influx #'8&+ i 7
(C). Na" ion influx &&= * (D). HyO efflux  ~fsjftly

(E). H'-ATPase activity H'-ATP [#3k[ J?F[Ii (F). Blue light sensing ~ fi= @

16
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B14. Phytochromes exist in two isoforms, Pr and Pfr. In darkness, they are synthesized as Pr form,
then turned into Pfr form after absorbing red light (most effective at 666 nm). When
irradiated with far red light, Pfr transforms back to Pr. According to the description above,

which of the following are likely to be the absorption spectra of phytochrome?
KA E PFEEF (Pr M Pfr) > i glﬁﬁ Fl1d F’—‘[ Ry Pr B JRETERIERTK (666 nm) i< fEl

L PAr B - IfPHRATC > Pl BHEAG Pr 8] - P IPRL S A SR

s o
i
1.0
i
§ o
Q
c
AT L ] @
X & 2
- o
3 2
-g[ r - © 05
e g ®
a =
ya L ] =
2 ® )
e R .
, p \
m, N
%00 500 000 Py 200 400 500 600 700 800 900
Wavelength (nm) Wavelength (nm)
1.0
1.0
[}]
e
T 8
Eel =
o @
2 £
© 0.5 3
e}
< @ 0.5-
3 2
& &
[i}]
"3
0.0
400 500 500 700 300 200 0o
Wavelength (nm) 400 500 800 700 300 900
Wavelength (nm)
1.0
[
Q
c
m
£
5
8
@ 0.5
@
=
2
o
7]
14

400 500 600 700 800 900
Wavelength {(nm)
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B15. The AGAMOUS (AG) gene is involved in flower development. Plant mutants without a
functional AG would produce flowers with only receptacle, sepals and petals. A scientist
generated a transgenic plant harboring a green fluorescence protein (GFP) gene driven by
the AG promoter in a wild type background that produces normal flowers. In which of the

following flower parts, you are likely to observe strong GFP fluorescent signals?
AGAMOUS (AG)#L ﬂ%ﬂﬁ«gugﬁ:ﬁ FTRJ TEE *jJ < AG pugRdfRE b FISE L
fem i e e - RR[SAPE - T AG ?Yg*ﬂ FIFUNEF A EA 5] [(GFP)
SPSFORISE » 2 5 BT T o SIS TR T RS
KGR ?

(A) Receptacle -4

(B) Sepal -5

(C) Petal &%

(D) Stamen  ZES

(E) Carpel ="/

18
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I1l1. Animal anatomy and physiology

B16 to B18 are a problem set

B16. In the following figure, the structure of fish gills and the direction of water flow in the

ventilation are illustrated. Answer the questions.

D FR S IRy TR -

B -
Gill arch —
=

TKAR A
—
Water flow
Which of the following statements are correct? ™ [[#5 » i H L ?
(A) Vessel A carries oxygenated blood A “Eﬁ{%ﬁ% U
(B) Vessel B carries deoxygenated blood B ﬁ}ﬁ%ﬁﬁ{if'
(C) Vessel A is an arteriole A f"ﬁiL_'J‘ Il
(D) Vessel B is a venule B f"ﬁﬂ’J ) ?@ﬁ@
(E) Vessel A and B are portal vessels AN B f"*ﬁ?ﬂﬂﬂﬁ’fyf"s?

19
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B17. During evolution, the gas exchange in gills has become more effective by
AR SR R BN - R ELE I
(A) A decrease in the thickness of the structure C [l [E_%%{F‘L CpUR%
(B) A decrease in the number of cell layers in structure C [ lifﬁlﬁ C puafa ety
(C) An increase in the metabolic rate of the structure C i@?’ipﬁiﬁ C pufeEts
(D) An increase in the cell volume of the structure C ’f@"{l?ﬁ%iﬁ C pafy WF'\[%

(E) An increase in the surface area of the structure C i@"i[lf%iﬁ C sk o

B18. Scientists found a kind of epithelial cell (X cell) in the structure of D with which fish can

maintain body fluid osmolarity. Consequently, X cells are supposed to

RIS AR D e - 78 EAAERX A)F- 3 FUSIRER] Ik ogB e [P XA

q EJF[‘ H: :
(A) Absorb salt actively in freshwater fish TEIA LS B SRR
(B) Excrete salt actively in seawater fish YR L BRI R

(C) Excrete water actively in freshwater fish TR LS BRSO

—4

(D) Absorb water actively in seawater fish R FTL} EI*JPTS’IL['SF"J‘ i

| LY

(E) be rich in mitochondria

—Tl

20
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B19. The following image represents a gastric fold from the interior surface of the stomach. The

different structures are indicated by roman numerals:

S EORLF (I O R R BRSBTS

The list below describes the function for each structure.

P S R

a. Secretes hydrochloric acid
S A
b. Secretes mucus which lubricates and protects the cells that cover the stomach.
S IVABI TR (AT A
c. Contains a series of ridges or deep pits which lead to the glands
ﬁ"ﬁj?f%ﬁgﬁq%@wa | Z i
d. Secretes pepsinogen
3TUE [ 1R
e. Contains three different types of cells that secrete the components of gastric juice.
TES RT3 53T A

21
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Please indicate the correct set of answers relating structure with corresponding function.

T AR 2epl)

Function code fjrﬂi ﬁﬁg Structure code (I~ V) ;ﬁgﬁa I'J“\TJE'

N Do not answer here
[F= F&,ﬁ}i’?ﬁl‘]

b.

C.

d

C.

22
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B20. The graph below depicts the different pulmonary volumes and capacities:

R R R

Lung volumes and capacities(ml)

6,000
5,000
4,000
3,000
2,000+

1,000

Vi

23
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Below are two columns, correlate the contents in the 2 columns with the graph above:

T PR T A

nokh -

a

Tidal volume (TV)  ¥3 }ﬁﬁ?
Residual volume (RV) ﬁﬁjﬁﬁ%?\[%
Vital capacity (VC) ﬁmiﬁﬁ-}
Inspiratory capacity (IC) [ 5l
Expiratory reserve volume (ERV)
Pl

Total lung capacity (TLC) ffjzfE!

7. Inspiratory reserve volume (IRV)

5 sl
Functional residual capacity (FRC)
W

The maximum volume of air inhaled in a forced
inspiration. It comprises tidal volume and
inspiratory reserve. | JJfE 3 Elivﬁi?ﬁﬁl i
FI R 5 ?}’%&?PB%EI 5’??{%5‘}
The maximum amount of air inhaled over the
resting level of spontaneous inspiration.
oI ??;*Eij E[WIPBE%TPB E F[%Jﬁlﬂ\ﬁi
The volume of air remaining in lung after a
strong forced expiration.
TWR PR AR p A
The volume of air present in lung after a
maximum inspiration.
e = T S e i A
Total amount of air flowing between inspiration
and expiration at maximal rate. It includes tidal
volume, inspiratory reserve volume and
spontaneous expiration rate.
FHSITE EED RRO R IAE IR
7\[»3;5 . PBE?“ I’u?gl'jﬁj”'*[’%ﬁu E TR S

mount of air in excess of tidal expiration that
can be exhaled with maximum effort.
%’iﬁ}}fﬁ’iﬁi’ﬁ?ﬂ TR BV > ST
T s B
The volume of air present in the lungs, at the
end of passive expiration. It is the sum of
residual volume and expiratory reserve volume
[ e LR ORI o BV R R
5o T AR
The lung volume representing the normal
volume of air displaced between normal
inspiration and expiration with or without extra
effort applied.
‘iffj %ﬂﬂﬁg*ﬂ? R R E SR I P I—ﬁfj’ =
15 o e B

24
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| 1 11 v \Y Vi Vil | VI

Letter

Number
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B21. Which of the following statements about thermo-adaption in animals are correct?
I R ERE Tl R O

(A) Blue-fin tuna is able to raise their core temperature. Therefore, it is an endothermic animal.
EEF T 8 3008 POIRl TP R IR

(B) Icefish spend all their life in the freezing ice-laden water and maintain a very stable body

temperature. Therefore, icefish are homeothermic animals.
UGS 5 S A BERRR SRR PO UL A
(C) Shivering can help mammals to generate heat, and it is regulated by hypothalamus in
mammals. gﬁ‘? TF'MJF’“ FEIRE S S }ZLTF[J
(D) Brown adipose tissues help mammals to generate heat by supplying energy to skeletal
muscles. ?F%’f"lﬁﬁﬁ J%\”'ES-H ] r‘%r ?ﬁ ‘ﬁ"iﬁ“[ e U PET S

(E) Brown adipose cells are rich in mitochondria for heat generation.

ﬁc [qF[q’b'lElquhl F |7F’+1§5*~?E‘ F[ % &z £l

26
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B22. Maintenance of the blood glucose level is important for normal physiological function. It is
modulated by both neural and endocrine systems. The diagram below shows two different
situations resulting from physiological stress or low blood glucose level. Complete the table
in the answer sheet by using appropriate letters shown below.

B P S MR B [ P TR+ e %
P R S R 2 ORI < 7 [ s P R R
GCHERISEN -

f
Structure/hormone %ﬁlﬁ/ﬁlﬁfs Answer
a cells of the pancreatic islets Do not answer here
oSk Hal P '
PR et [ Fsrgi 5% )
Insulin Tk %
Liver T
Adrenal medulla gﬁ‘fﬁ#ﬁ%’i@f
Cortisol Eﬁ‘fﬁ?'\@ﬁi
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Stress S Glucose |

/ \ Y

Long-term short-term a b
RHEA ¥ HA
v v l
v

f g cl ld

. v

h [

e

l

Glucose T
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B23 and B24 are a problem set

B23. Normal spermatogenesis and androgen secretion are delicately regulated by hormones in
males. The occurrence of infertility in the male could be resulted from the disturbance of
hormonal regulation. The following figure partly illustrates the cross interactions among
hypothalamus, pituitary gland, and male gonads. The symbols “(-)” indicate negative
feedback inhibitions. Insert appropriate symbols (a to h) in the table of the answer sheet.
O 75 S SRR T P S B Bk TR o T T A T
FERLEMR R TR 5] o N DB e R R B
B e SRR () S Er R BRI - %“ RiFli@ ~ h)FoRA T A ﬁi%}?&
Ao 1

SR 5 TR
<
{1
'3 - Testes
f £l

Stimulate
spermatogenesis

H BT ERIEB\V

r___________________-""1

I
|
|
@
=
|
|
|
|
L
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Structure/hormone ?ﬁijlﬁ/m Answer

Sertoli cells fE—~ ﬁ;E He

Anterior pituitary )TF' S Do not answer here
Gonadotropin releasing hormone [fl% 5L RT3 =k [Fa;_f‘:[: FATE’L'%EE ]
FSH Veq iRk
Inhibin &Ilﬁﬁﬁﬂﬁjﬂlﬁk[‘iqw@ﬁ
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B24. The application of available and suitable hormonal therapy to the male patients with gonad

failure is very important. Consider how the following case may be improved by a hormonal

treatment.

PFE P12 P T ARG P S TR R - Rk RE T S
AR, -

Patient A suffered from testicular cancer and had both testes removed. With reference to the

figure in B23, select the most appropriate letter applicable to patient A.

TR A L SURRUH > RS R SITIRR > 25T B23 IR Y I
ﬂ:\j'JTr" A EJF' F”ij ; fi*g‘gz»%gﬁfjﬁ)[:ﬁ“[% 1o, Eg Moo
O: Supplement 35| -- : No supplement Z ¥5*|

a C d e f h
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B25 and B26 are a problem set B25-B26 EhEE -

B25. A to E in the diagram below represents the five major steps of synaptic transmission.

NI A CE] B ST Y S5 2 R R

Release of neurotransmitter.

R I (J R ET

Activation of presynaptic calcium channel.

I (RS SR

Activation of postsynaptic sodium channel.
I 2 A S

Re-uptake of neurotransmitter

SRS RS T,

Degradation of neurotransmitter.

i s T

32



IBO - 2011

TAIWAN
THEORETICAL TEST
PART B

Scientists study drug effects on synaptic transmission by using electrophysiological recording.
Briefly the postsynaptic current will be recorded and used to determine the possible
mechanism which may account for the drug effects. Figure 1 is the typical tract of postsynaptic
current before drug administration. Match the figure number (I, II, III, IV or V), given at the

end with the correct drug effects below. Figures may be used once, more than once or not at

all.

EISFHRIH i%'r. ERE S RN i R SIS ﬂ%@pﬁ#—ﬂf
[ IMPRESEPRYRE P =Bl = [0 1 BRSSP o A s
FEAL AR o PN SRR (1 11 T, IV or V) 4 1;1‘* K VA IR ST
TEBEPIIS o B [l BRDE = - xR

F >

EB £

2. £

AL g

A ‘

E

Time (ms) (E
Figure-1

Mechanism FePrgspl Figure number ‘%ﬁﬁ%[}%ﬂ'f{ﬁ’ﬁ%
Blocking of step A SRR A Do not answer here
Enhancement of step B J[Ii H R B [ R B : I % 5% F)
Blocking of step C [ R C
Enhancement of step D J[IiH/f#& D
Blocking of step E [2"8rH B E
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W) av)

¥y e

Current intensity (nA)
Current intensity (nA)

Time (ms) Time (ms)

(1D V)

Current intensity (nA)
Current intensity (nA)

Time (ms) Time (ms)

(I1I)

Current intensity (nA)

Time (ms)
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B26. Epilepsy is a common neurological condition. Patients suffer convulsions which result from

hyperactivity of certain cerebral areas. Symptoms can be reduced by using antiepileptic drugs. If

the receptor activated in the above figure was a chloride channel instead of a sodium channel,

which of the following mechanism(s) may form the basis for an antiepileptic drug?

R L~ jﬁfj’ﬁifm?ﬁﬂﬁfﬁ’]‘@@ﬁ ) R LB AR I lf?f

’L‘{J{ﬁ:'fjréqg/ P PRSP H 2 Uﬁi 7% e ‘Fp’ ol Iif, ([l A
IR ([T TE S e R I 7 i E SINE SR e

Fr— o
J

Mechanism FePisepl

Answer A%

[

Blocking of step A [ BR A

Enhancement of step B [ELEH TR B

Blocking of step C [ R C

Enhancement of step D [RL%HFE D

Blocking of step E [ R E

Do not answer here

{F'jf'i rliﬂ\ [_‘]
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B27. The following diagram indicates the basic structure of a sarcomere.

s q%(ll E@ﬂ”‘ J Q{TEGJE‘Li Tﬁlﬁﬁ%"'

e e e e e e e e e e e

¢ D >

Mark if the statement correct or incorrect. The statements are about a muscle fiber undergoing an
isotonic contraction compared to its relaxed state.
= ,iﬁ'ﬁ%qk—rj:m FEIE= S h iﬁr,ﬂf’\qf LT ’sr:“q,{cﬂéj o st ﬁ%& ﬁi%} H e
FEpE S TO, I I JJH[JIJ‘—_“&H,\ TR T fl&ﬁﬁ?'{o

Statement Answer

a. D bands remain the same distance apart D ﬁ%ﬁlﬁéﬁ TRl HE

b. A move closer to the ends of the B A fUFEE *J%’T Hur B U H ’lw Do not
c. C become shorter C Fﬁ@f@ answer here
d. B become wider B Tff L (B F,&r'_i’

e. D bands move closer to the end of the B i
A% F]

D FifiFS i f it B o 4
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1V. Ethology

B28. There are two types of bird hatchlings: precocial and altricial. In general, precocial birds are

covered with feathers when they hatch, and can find their own food with the help from their
mothers. In contrast, altricial hatchlings require feeding and caring for from the parents.

Based on this, which of the following statements are correct?

FURIIOSERLE 7] BRI « — AR Ry PR B

PR [ FLA - (BRI | FUHIF o FRTT) © USSR LR IR

3 RLT Y 2

(A) Precocial hatchlings usually take longer to hatch than altricial hatchlings.

REEIBERL TR~ BRI T R -

(B) Altricial hatchlings usually develop imprinting earlier than precocial hatchlings.

PO BRI £

(C) Parents invest more in precocial hatchlings than in altricial hatchlings during nestling
period.

B RS ?f&fr'ﬁf%%&ﬁ@ fo BTt 2

(D) For a group of young birds that hatch at the same time, altricial hatchlings tend to
develop the ability to move earlier than precocial hatchlings.

PSRGA PR P i FYRIPR™ » W IERL LRI R R P

(E) Parents of precocial and altricial hatchlings have the same level of investment in

reproduction during the breeding season.

ETER H A RS R AP R B VR RS E R B
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B29. An entomologist found that a species of cockroach use the dramatic change of light intensity
at dusk (given as 18:00) to reset its biological clock. He also found out that the circadian
(daily) rhythm is 25 hrs. If a student cages a cockroach of this species into a dark box at
18:00, at what time will the cockroach become active after 12 days? Fill in the time (using
the 24 hr system, example: 6:00 pm = 18:00) in the given space in the Answer Sheet.
FLEAP 4 SEL -~ PO P BB IR 18:00) ) BURA & 9% I I 4 Pop
B0 5B P EED 25 1 o PPIDRE - WP R 18:00 B © s
= (AR H e 12 :\f‘éiﬁ—%%i‘?ﬁﬁ& (R F 1% BT 2 r,%?#'ﬁﬁﬁﬂﬁ%& Fﬁ}“ ’
RSB RS107) 24 LB
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B30. A biologist discovered that a species of moth is capable of flying in a straight line at night
because it keeps a constant angle (80°) between its body’s longitudinal axis and the
direction of moon light using photoreceptors as a tool. If the moth encounters a bright light
in a dark night, what kind of flight path one will expect to see in relation to the light source?
P - *Eﬁfkf&ﬁ?f% KRR RUNRLFI R EOA O AR RR IS £ A
i AR 80°47] o I IS0 8 | JUpoT AT - SIH o TR VR
AL et ?

(A) (D)
f%%*————%;%?-
L)
(B) (E)
C ;@ /\/\/\% ::Q\_
i A, |
/\/\ :t/_
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B31. A researcher monitored 10 pairs (A to J) of adult birds during the breeding season. For each
of the pairs, he recorded body lengths of the male and female, and their nesting date as
shown in the table below. W‘L%ﬁ B E%?EH?JF}’?VF £ A-J 10 SRS EL f’,%@%’nﬁ%ﬁ%ﬁxj
OB I R -

A B C D E F G H I J

Female 264 |27.8 |25.1 |25.0 |27.0 |28.1 [25.5 [259 [283 |274
body length
(cm) &

)

Male body |28.3 | 284 |289 [29.0 |27.9 |30.2 |29.6 |27.4 |29.7 |30.5

‘i

length (cm)

Nesting 5/6 |5/3 |5/4 |4/28 |5/1 |4/27 [4/29 |52 |5/1 |4/26

date %FN

Sl
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Based on this data, the mean body length is 26.65 cm for the adult females, and 28.99 cm for
the adult males. In comparison with the mean body length of 26.10 cm in adult females and
27.60 cm in adult males in the total (breeders + non-breeders) population (N=30) of the study
area, which of the following statements are correct?

A1 g’ET%iﬁ[JElij%I‘%E*}‘ﬁEﬂ‘ féf‘ﬁ%}:'% £ 26.65cm > ﬁlji@‘l‘%ﬁ*)?ﬁ} £1 28.99cm RN T 1Y
Bu [T E ) fRON=30 & 3 2 FEFIRIRD 1 » B my R SR T 26.100m - iy

4 5 27.60cm = GARIF) ™ A 15 91 2

(A) All males in this species are larger than females.

A PRI | S (g o SR A

(B) Females tend to pair with males that are larger than themselves.

SRR R e 1 Flfjig[ﬁz;gﬁpzl

(C) Male body lengths do not affect female mate choices.

EIER TR IR

(D) Nesting dates are linked to male body lengths.

SRR SR

(E) The chances of breeding in this species are most likely affected by the body size.

PSR £ T PR
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V. Genetics and Evolution

B32. The black, brown and white coat colors of mice are determined by the interaction of genes B
and C, which are on different autosomes. B and b alleles control the synthesis of black and
brown pigments, respectively. Only in the presence of the dominant C allele, black and
brown pigments are deposited in the fur. In a crossing between BbCc and bbCc, which of
the following statements are correct?
?EQ&FW§b¢%WEEf§%Fﬁ5HBﬂIC:ﬁﬁ@ﬂﬁﬁﬁ%%ﬁﬁafmgﬁﬁﬁﬁ
il > B HLES B B ALIREE b~ A A ST BT B SER R A S o oy
EPET) S 81 C 3700 FLPEE § OB gk e sk AR R 1 < 1 BbCe #1 bbCe
FEERC R > IPRPASAELD 0 7
(A) The coat colors of parental mice are black and brown respectively.

= BRI R AT B 50 TR TR e
(B) The ratio of black and brown offspring is 1:1.
P e AR e RO RL 11
(C) 3/4 of the offspring are black.
3/4 P FRRLE Ay
(D)1/4 of the offspring are brown.
1/4 [ (LR Y
(E) 1/4 of the offspring are white.
1/4 f9° FEALE 1410
(F) Alleles C and B/b are co-dominant.

Sk FLP C F1B/b R B
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B33. Fur of guinea pigs can have different colors (black or white).
Hairs can be with different textures (rough or smooth). Alleles Q

and ( are coding for color, alleles R and r for type of hair. There

is no linkage between the two genes. A number of guinea pigs

with exactly the same genotype (parental group) are allowed to mate and result in a large
number of F1 offspring. Most of these have a black rough fur. A small number has white
smooth fur. About the same number of offspring is white and rough, or black and smooth.
SRS RLE 19 QOTTE LB A ] - SR Q AT g A L
10 STORLPI R I T S TR 1 PSRN © [ L P
ST BE FL (0 < gy (Ol TS B RS o PR Fre
KA PE IR RO Y S A0 DR A R | FR -

B33.1. Using the given letters, indicate the genotype of the guinea pigs in the parental

group:

Enjfﬁi’&‘%ﬁg@gﬁdpfjg,gj ) F@’H',%JHFI?JEL PR

B33.2. If 1024 F1 offspring were born, what is the expected number of the black and

smooth?

PPk 1024 W FL =7 (2 @ﬁﬁ%ﬁ"ﬁj 2P ERLE AN ?
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B33.3. Guinea pigs often have a spotted pattern. According to a simplified model spotted pattern
is determined by one gene with two alleles: G and g. If G is present the guinea pig is
spotted. Students investigated the population guinea pigs in a territory and found out that
84 % were spotted. Presuming this population is in (Hardy-Weinberg) equilibrium,
calculate the frequency of G. Give your answer in one decimal place.

R bﬁ LI'E&?Q@F E‘T N4 ﬂ?’?&ﬁum, E’F%ig[— gl[ﬂpj ?Efwr"fﬁl[—k[G all
g TRE « SIS RN G R E R S0 PEER T - R B TR 84 %
Ol 2R IR PR 8T BTE et pIRREIST T N G o
F %F’@ [ fs»m',y =] ki o

B33.4. In one day all unspotted guinea pigs were removed. What will be the frequency of
unspotted guinea pigs appearing in the next generation? Give your answer as a percentage
without decimals.

oo TS BT RS SRR o RO SRR [N - O 2
E ER [ R s H 2] [AEIE N HEY ﬁwﬁiﬁ TR
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B34. It is believed that “land plants” are evolved from charophytes. Which of the following
statements support this hypothesis?
AR DR RETLRLE T e I ALY R TR 7
(A) Both have alternation of generation in life cycles
CHEE o I
(B) Both contain chlorophyll a and chlorophyll b
COEAIE RSk a ARG b
(C) Both have peroxisomes that contain photorespiration-related enzymes
=B R R R ﬁ'FTJ RIS
(D) Both can form phragmoplasts during cytokinesis
= H AT YR P 0
(E) Both contain cellulose cell walls

I‘J%’E'ﬁwﬁ;nfﬂ Fl e Tha 7y
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Questions B35a-B35c are a problem set
FFFJEE_T B35a-B35¢c Ll FEA

Dr. Chen was investigating the function of gene X in rice by using a mutant with a T-DNA
inserted in the exon 2 illustrated below. The size of the T-DNA is approximately 5 kilo base pairs
(kbp). She used PCR and gel electrophoresis analyses for genotyping of five individual plants (A,
B, C, D, E ) with mixture of primers I, II, and III as indicated in the diagram. The gel figure
shows the PCR result. The DNA molecular size markers are shown in lane M. Lane A-E are the
PCR products from leaf samples of the plant A-E, respectively. It is known that the polymerase
being used is unable to effectively amplify DNA fragments above 5 kbp.

FIF} L A X BLPAOTIRE - 715 T-DNA S 5 57 9141 (exon )iy
(O™ (R ) AR T-DNA U= S5kl 5 kbp o 491 PCR AIFRPHSL 5T itk (A,
B,C,D,E)- fﬁJE?*] B9 LI, AL 5 5 ks « PCR s N g [ﬁﬁ %ﬁﬁgﬁﬁ% » Lane M
JLDNA S48 - Lane A-E 57 IRLIFR A-E 34 B4549 PCR %9 - syl 177 7|

O AT ARG B0 S kbp 19 DNA HFE -

primer I
+

Kbp

3.0
2.0
1.0
. Rl
primer |||
0.5
! } |
610 bp 430 bp

Based on the above information, answer questions B35a-B35b :

FUERT ) -l FTHIRE B35a-B35D :
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B35a. Which pair of primers (I+II, I+II1, or II+IIl) amplified the DNA band in lane B? Write

down the correct pair of primers in the answer sheet.

Lane B [V DNA i FERLENEE- 325 [~ FIE"/(HH [+111, or II+I1I) ?
A R T Sl

B35b. Which plant(s) (A, B, C, D, or E) is/are homozygous mutant(s)? Write down the correct
letter(s) in the answer sheet.
PILAIEE(A, B, C, D, or EYRLIT] /5 24
TR S O o5
B35c. Which plant(s) (A, B, C, D, or E) is/are the F1 offspring of homozygous mutant crossed
with the wild type? Write down the correct letter(s) in the answer sheet.
PIEARHF(A, B, C, D, or EMLIFIR £ AR Lf POt £
AR A
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B36. Doctor Lin isolated a rice mutant with a late flowering time phenotype. The mutant allele
responsible for this phenotype was identified by map-based cloning technique and named
LFT™.  When Doctor Lin sequenced the whole LFT™ gene, including the promoter region,
she could not find any difference in the nucleotide sequence as compared to the wild-type
allele. Which of the following phenomena are likely to be responsible for this observation?
ﬁ‘fﬁH A Z|— (] [opu-fFasoy > o - *HE'JEI’E@Eﬁ'@’iﬁfﬁ;ﬁ?ﬂiﬁ’?‘%ﬁlﬁ@
vf%f.fwu R P LFT™ » HphHg I LA 2 (g I i) »

ST S P i E SR (A P B N SRS R
'rjufawmw R 2

(A) The mRNA level of LFT in the mutant is the same as that in the wild-type at the same
developmental stage
CEAHIRIF AR F G > LFT mRNA [V E T j—ﬁ ﬁjﬁ[%@@ﬁz“ hl— Ry
(B) The LFT protein found in the wild type plants cannot be detected or is lower in the mutant
L BIRIRR IS Y LET S VBT » 3 ZRABRRARF 8 (R 1 B D
(C) The DNA methylation patterns on LFT are altered in the mutant
LFT JL[<F DNA P [t & Sl ¢
(D) The levels of histone proteins are dramatically altered in the mutant
A58 §=F 1 (histone proteins)[iV Bl T AABARf| 1F | ) ol
(E) Introducing the cloned LFT into the wild-type plant generates a LFT overexpression
transgenic plant with late flowering phenotype
SR LFT LTI AR ok 2 R TSPy ¢ i
g
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V1. Ecology

B37. The population size of a dragonfly in a pond was estimated to be 50,000 during a survey.
Their sex ratio is 1:1. Each female lays approximately 400 eggs. A second survey of the
next generation revealed that the population size is still 50,000 and the sex ratio is still 1:1.
What is the average survival rate (surviving to adult stage) of the eggs?
MW TS PR PE ) 50,000 & o HHELSG 111> 58 M
400 FEF o R S S - (B pu Tz ﬁ?ﬁg\, S EURGERIRL I IREL 50,000 £
TEIRRL 11 ﬁ‘?ﬁﬂ?ﬁ?ﬁlﬁﬂi“ IS o 7 55 Ehle P S5 S L T 2

(A) 0.2%
(B) 0.25%
(C) 0.5%
(D) 1%

(E) 5%
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B38. Biologists found that the threshold temperature for development of a mosquito species is
15°C. They also found that the product of (1) the number of days it takes to complete
development, and (2) the difference between the temperature during development and
threshold temperature, is a constant. That is, the result of multiplying (1) and (2) is a
constant. It is known that this mosquito requires 15 days to complete development at 30°C.
Given that May was unusually warm in India this year with an average temperature of 40°C,
how many days should it take this mosquito to complete development this May in India?
P PRI OB A RRREE 1S 15C « PP EER(DR S B T
% Q)R IR S P 9 BRLIS A0  SEH LT (1) 2 () [0
£ ﬁj@\f ffﬁi”ﬁ‘iﬁ@ill"%'& 30°CE3j:|;‘j.T 15 Rt o PP H e
FIIR R 40°C PO I RIS TR S A 0
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B39. Assuming human, a typical bird, and typical fish species have Type I, II, and III survival
curves (the vertical axis is survival rate, and horizontal axis is time) respectively, which of
the following figures most accurately describes mortality curves (obtained by replacing
survival rate with mortality rate) for these three groups of organisms (Type I, II” and I11")?

i@% Mo - A BT AR ST IS E) Type T TUE2 TS 2 & AlRsLGIEGH
MR ARIIRGR) » TR R RS B PO O
G-t S )

(A) (B)

I I

{D} W r ll/

(€

(E)
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B40. The figure below shows a nutrient cycle, and the six groups of organisms (A to F) involved

in this cycle.

I EFIIHI %T—T AFEE P> RE T [HED f’ﬁfﬁfl[ﬁ[fjgﬁ] &

nutritive substances

AY

>
A

oo
Y

A c

[T ———— i .
| : =
detritus |
! L

y detritivore >

dead |«
material

A

A
m
. 7

Y

Detritus : ﬁffFFlj detritivore : ,@FFW 4P dead material : & Pu3=ipl
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Which of the following descriptions are correct?
S P 1 2
(A) C and F are carnivores. C = F fLA| &2 %

(B) C and E are carnivores. C == E Eh[A| &2 & $7
(C) A and B are herbivores. A == B £3 %1 A 4 4
(D) D includes bacteria and fungi. D & FA',‘J EIlESNT

(E) F includes bacterivores and fungivores. F &/ il VAR AT RS P

53



IBO - 2011

TAIWAN
THEORETICAL TEST
PART B

B41. When comparing closely-related bird species, mortality of breeding individuals appears to
be higher for species in temperate regions than in tropical regions. Therefore, predation
risks to parents themselves, their young and eggs are given different priorities for species in
different regions. In an experiment where specimen of three different predators (predator A,
predator B, and predator C) were placed at close distances to the nests during the day in the
breeding period, which of the following responses from the parents can be expected? Note
that predator A are predators of the young and eggs, predator B are nocturnal predators, and

predator C are diurnal predators of adult birds.

PRITR RRR0 S SRR PSR S A o iR B o
o SEIERL T I o LB SR EL » RO IR T - B - T
W EHERH > A~ BEE C g = PRl UKV BARE T TR ROl - ifhl )
MRS PR R f b = B0 e 2 TR A S AR R B RL R S A

H o ) C Bl FIdf A E -
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(A) The predator B specimen is more strongly avoided by the parents than the predator C
specimen.
P C AR - LRI B i Kot
(B) With the predator A specimen, the parents of tropical species reduce the frequency of
returning to the nests and feeding the young to a lesser degree than parents of temperate
species.
TR A AH B RS EREERT R R F o R A S e
(C) With the predator C specimen, the parent birds of tropical species reduce the frequency
of returning to the nests and feeding the young to a lesser degree than parents of
temperate species.
THRE CHLATH - BV RAEFEE T R RE %‘Hﬁﬁiﬁ l'i[fl‘%li?ﬁ%’l@%ﬁ@
(D) With the predator C specimen, the parent birds of tropical species reduce the frequency
of returning to the nests and feeding the young to a greater degree than parents of
temperate species.
FEE C QK > 0 PR FER R ST i g
(E) The degree to which the parents reduce their frequency of returning to the nests and
feeding the young when predator specimen is present is not affected by the type of
predators or the latitudes in which the species occurs.
i Ml SRR SR R B RLIRE (I T B pORE R Sl AU R e
55 7] AUAR R E F.FJI AepY
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B42. The figure below shows a scheme of the assimilation efficiency (A/I) and production
efficiency (P/A) of two groups of mammals in a meadow ecosystem.
rb[ﬂf‘«pij [ EET R FR SR - FEE A FTE (herbivore) - FEA| AR P

P (carnivore) i {= HAUII (AD) P % E IR (PA) PURERIE L S

bl

A=20% F=2% f=60% F=2%

herbivora carnivora

A = energy intake in blood after digestion

F =loss of energy through excretion and heat

[ = energy present in ingested organic compounds
P = production

R = loss of energy through respiration and heat

Hh
A © P R TR Bl
F o AR S o g w5 O R
L BRAE R [ Pl & URE
P

R+ Al pe e o fUfC &)
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Suppose I = 100 J Which of the following descriptions are correct?
iﬁéﬁ%l £%,100 £ 20 ﬁ%FﬁJJ‘I* fff A en e 2
(A) Digestion of plant materials costs relatively less energy than digestion of animal
materials.
IR PRSP o AR e - 21 b
(B) Plant materials that are reabsorbed have less organic contents than animal materials that
are reabsorbed.
B TSR AP B B B SO AU ' DT E RS 17
(C) R ranges between 40 and 60 J in carnivores.
T A AEPIE R pUESTEIEL 40-60 £
(D) R ranges between 40 and 60 J in herbivores.

T B AP R VST LL 40-60 &
(E) R is lower in amphibians than in mammals.

Py B R L9 LS
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B43. Some fungi form symbiotic associations with the roots of vascular plants, which are called
mycorrhizae. In such associations, mycorrhizae help plants to absorb water, phosphate salt
and other mineral nutrients. Depending on whether the fungus colonizes the roots
extracellularly or intracellularly, mycorrhizae can be grouped into ectomycorrhizae or

arbuscular mycorrhizae. Which of the following descriptions of mycorrhizae are correct?
I AT RO 5 5 2 P R - PRIt -
PEEER | 2 E LT - frf«L%@: BT T 9F ESTT | - B 53 HB9 % P
A F AR E] %F FTJ%ITQF' VR Y
(A) Seedlings with mycorrhizae grow more rapidly than seedlings without mycorrhizae in
phosphorus-poor soils.
i (SRS S PSP (1 10 P P
(B) Hyphae of arbuscular mycorrhizae can penetrate the roots and cell membranes of the
cortical cells to form symbiotic associations intracellularly.
SR PRI B TR L PSR L S B [ 2
(C) Hyphae of ectomycorrhizae fungi can grow into the cortex of the roots, and form hyphal
sheaths around the roots.
R f%n[ﬂﬂ J_T'EE E%I’“;“F I3 %T‘@ﬁ R gt > & 'r?‘itd,ﬁfﬂﬁj[ﬁﬁﬁé/»;i}f%lﬁﬁj
(D) Mycorrhizae have similar functions as root hairs of plants, and as a result, plants with
both kins of mycorrhizae have less-developed root hairs.
PRI IS > 0| PR ST
(E) Each mycorrhiza forms symbiotic associations with the roots of specific plants.

PR AR A H E}*EJ',’:MJEJJ S
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VI1I. Biosystematics

B44. Eggleton et al (2007) studied the phylogeny of Dictyoptera, as shown below. According to

the proposed phylogeny, determine whether the following statements are true (T) or false (F).

Eggalton &7 * 71 2007 Eﬁmﬁ[ﬁ@‘ﬁfﬁﬂﬁ'?ﬁﬁ [ o AUBIF-{EE - ﬁ%l}ﬂ* LTI HF)

Phylogeny Common name
© Mantodea mantids
ke
D_ -
— = Polyphagoidea
[&] @
[ ] _
£ Blaberoidea cockroaches
©
m
Blattidae
©
[«5]
=
— 27 Cryptocercoidea woodroaches
[aa)

Mastotermitidae

:I termites

Other termites

Mantids : @8  Cockroaches : ##fit#f  Termites : f Iisg

(A) Mantids’ sister group is cockroaches. Wb Lug A" frf
(B) Cockroaches form a paraphyletic group. HHiBffifL— [f™ ZHE
(C) Termites should be viewed as highly modified cockroaches

P [ o
(D) Mantids should be viewed as highly modified cockroaches.
A8 £ ) oy

(E) Termites evolved from mantids. 1857 {™ [ 148
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B45a. Systematic positions of some butterflies such as satyrids (ringlets, etc.), nymphalids (frush
foots, etc), and danaids (milkweed butterflies, etc.) were controversial. Some researchers
regarded them as distinct families, while others disagreed. Recent studies supported the
view to pool them into a single family Nymphalidae. Below is a phylogeny of these
butterflies reconstructed by Freitas & Brown (2004), who supports this view. Answer the
following questions based on this phylogeny.

M| E ) EBAIGIRE > [FTUPINYG ~ e S e EFTJ EEETRE > F RPN
TSR IFIFOR] + g~ D CRURIBERE] 0 S R - S R e
il [ > <9 bhLigefst% | (Nymphalidae) - I') ™ £ Freitas & Brown 7t 2004 & 454

PP E PTGl b o RS AR Rt 1) THIE -

E1 1 Danaoid pLEJRHE - Nymphaloid fLFIREE ~ Satyroid RLESYEFE « Apaturinae fL-]
el R~ Calinaginae £LF 2RI EHE] ~ Brassolinae fLEIG A - ff-Libytheinae [if

[l A £ BTl i A Biblidinae fﬂ?ﬁ: Freitas & Brown E[J ST EREGA T o

Libytheinae
------ =]

— | 2|lervinae I o
=X

=

Danainae
_I_ [thomiinae
i mini
Melitaeini

_: Nymphalini
Coeini

Acraeini

Argynnini
_:Z Vindula / Cethosia
Heliconiini

p—Cyrestini 00 777777
b | e nitidini

Apaturinaes

Charaxinae

Bia
Satyrinae

_I_— Calinaginae
_: Morphinae
Brassolinas

Biblidinae

NYMPHALOID

NYMPHALIDAE

SATYRCID
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Determine whether the following statements are true (T) or false (F).

P | ESRL DI HE)

(A) Danaoid butterflies may still be a distinct family according to Freitas & Brown’s
phylogeny if Nymphalidae is still allowed to divide into several families.
PPN e {1 1) Wk 55 55 438 | > A48 Freitas & Brown EIGJ@%T’ HGEEIRE T
i EVRT = R

(B) Calinaginae butterflies resemble Danaoid butterflies in appearance, so they should be
classified as Danaoid butterflies.
PR AR, ) PP ) 2

(C) If we want to define the family Nymphalidae to include Apaturinae, Satyrinae and
Brassolinae have to be included as well.
OIS P SRR TR 1) & 3 T Sl ] MR i [ e e e

U o £

(D) Danaioid butterflies may be considered as the ancestors of Nymphaloid + Satyroid.

SCRBEL | L ER R + PR EE
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VII. Genetics and Evolution (Part I1)

B46. A hypothetical mammal possesses genes A and B, involved in embryonic development, on
chromosomes 6 and 12 of its genome. Alleles A and B are functional whereas alleles a and b are
non-functional. A breeding pair has been unable to produce viable offspring experiencing many
miscarriages and still births. Karyotype analysis was performed on the breeding pair as well as
an offspring that died at birth, showing that a balanced chromosome translocation within the
mother’s genome is responsible for this outcome. The diagram below shows chromosomes 6
and 12 for each of these individuals, the location of genes A and B are also shown on the father’s
chromosomes. The father is heterozygous for both gene loci, whilst the mother is homozygous.
It is known that overdose or complete absence of the gene product of either gene A or B during

development is lethal.

K7 IV ASLIAIBEL RS I AT BT6R BT 2554 > H R ﬁ’iéﬁ‘?ﬁ | Fj% °

58 JLPAFIBRLT PRS0 + 300 5L FIALI RS - SR [ O
7 O o ST VR TR » I T R

(balanced chromosome translocation)fiLF 75 ¥f i 5 547 AR <+ [HIFT 1A RLig e fe o %6
FIBTIZERECBERE S > AFLPFIBEL PRy i & RS © HIOBeci o < BIFVASLNAIB

FLPSHORLE R A o S BIRHERLIFIE] £ 773055 o = Usphe ARLINESRLBRL NPU P2 -
o R R R 2 B G T

e

=T
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* ( a (LA

WL EN-LETE.

=800 =R00 =B QL
: _

g 11 =

=MEE =MES .z EE

'd

Py
=
T o
o

Offspring Mother

Assuming that no other genes in the affected regions of chromosome 6 and 12 have an effect on

development, answer the following questions.

R e 0P p O Wby T PR R PO - Rt o STIRHIRE

B46.1. Which of the following are possible genotype/s of the offspring shown for A and B? fﬁ?ﬁ‘

(A) AAa, b
(B) AAA,Bb
(C) AAA,B
(D) a, BBb
(E) A, BBB

(F) A, BBb
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B46.2. What is the probability (as a fraction) that a fertilized zygote produced by these parents

will possess three functional copies of allele B?

PSS (6 I SRS ) (RSP B g apL 47D
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B47. A study has determined that 13.3% of men in a given population are short-sighted for a
genetic reason (single gene mutation). 55% of these men also have a short-sighted father.
TR — FREEH 1 13.3%f9 50 ~ RLE [t Tl (F - EW%HEIHE&) [ 55%f: ﬁﬂﬁél HESUR

TPE OB R

B47.1. Mark the correct mode of inheritance for the short-sightedness.
PSS (T s g U B 2

(A) autosomal dominant FE‘%;\“E l?ﬁ%l = SE e

(B) autosomal recessive FRIHu e B 1%5E il

(C) X-chromosomal dominant X %’.\“E"'[FE}%ET T [E
(D) X-chromosomal recessive X e IJIB'E' [P 1E [E

(E) mitochondrial #F 54itlsE fEl

B47.2. Based on the conditions of the Hardy-Weinberg equilibrium, what is the frequency of the
allele for short-sightedness? Write your answer on the answer sheet.
B MR AR R G e e A I ING B i

P RAT R T R
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B48. In Drosophila an autosomal transformer allele can be observed. If present, the
transformer allele brings about a male appearance if an animal has two X-chromosomes, but
such animals are sterile as their testes are underdeveloped. In Drosophila the red and white
eye color is determined by a gene on an X-chromosome.

T f1#4 Drosophila [ 1T ' o & — {08 A g o EIELEN - Eﬁ’fﬂﬁ@fﬁﬁl P TTFIET £
SRR - RS S X R O LB AR - PR T 2 1 T
EPIHET o B9 BT PR - R AR X e ORI -

A cross is performed between a red eyed Drosophila female heterozygous for both loci and a
white eyed Drosophila male heterozygous for transformer. They produce a large number of
offspring. What fraction of their offspring looks like white eyed males?

B AR S PRI P LR R AR )R IS AR P R
(oA i) il > et = SRR e T PRI A ISR ISP T TR e 2
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B49. Two enzymes X and Y form a biochemical pathway that converts substance A into
substance C via an intermediate substance B. In order to infer on which human chromosomes
genes Xp and Yy, are located, Mr. Lin generated mouse/human hybrid cell lines. These cell lines
contain all mouse chromosomes and a few human chromosomes, as shown in Table 1. Prior to the
experiment, a non-sense mutation was induced at the beginning of the mouse gene Y. Mr. Lin
used specific antibodies to test if human enzyme Xj, is produced in each cell line (Table 2). In
addition, Mr. Lin added substance A to the cell cultures and, after some time, used colorimetric
assays to determine which of the substances A, B or C is present (Table 2). On which human
chromosome is Gene Y}, located? Write down the appropriate chromosome number on the answer
sheet.

Pk X AR Y (B8 o [~ R S 00T A 8 = K5 | R 09207 B [~ 532707 C-
ELES N N BIAPTE R X AR Y PUELEY Xn and Yy SEAPER(E i}\“““'l’ﬁEf PR "Qﬂ[’fﬁ‘l'@&/ k

F’—}?Elqujﬁa(cell lines) © lﬁﬂfﬂ;[qu}ﬁ; £t m;* ﬂ YELYu [Jﬁa%p J,gwj b yue [Jﬁa(y[[ Table 1 5+
q\) ° {‘Jjgm‘ﬂ—“‘#lﬁ“lg IJ HFIJ Ym EL h[’[@;zl?"{@k T 'HL,&EE EJTJJHUE\pri o ﬁﬁ‘_éﬁ IE{EI gjl_

PR P9 X E%fiﬂﬂ; G EASFEA AR I(U]) Table 2 573) » 1191 > pRoLt 7 iﬁﬁfﬁﬁ%
AV AT A R P T HOEET AL B, FY C AL 7 (31 Table 2
i) o PEERER o G - Y Yo JLES AP g 2

ﬁ%ﬁ& ok AT R DR BB
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Table 1

Cell line 1 2
a + -
b + +
C + +
d - +

Table 2

Cell line Production of Xj,

Substance present

a +
b -
c -
d +

C

B
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B50. Ernst Mayr defined biological species as “groups of actually or potentially interbreeding
natural populations that are isolated from other such groups by one or more mechanisms of
reproductive isolation”. For which of the following organism couplets is the observation provided

sufficient to call them distinct biological species?

EmﬁMw@W%ﬁ%@@ﬁwg%ﬂ—ea@@fWﬂﬁwgs%ﬁwa%ﬁﬁ’mﬁﬁ
Efot‘F o ziFl [[ %HF[ £t "‘ — I[—{.FI&[ } [Ji‘ 7ﬁﬁﬁk’9§&ﬁrup F){—[}%gg’ %FF TE\L%KI 3‘54[')%;,,
g o P BRI T S IO 4 P

(A) Two populations are fixed for competing alleles in the wild, but heterozygous individuals
can be produced in laboratory setting. [ [l iEf= FE I FIE & 2! [ 'JF—\[ AR
o [ BRI ) S 5B A o

(B) No mating can be found between Dalmatian and Chihuahua dogs as their body sizes
differ dramatically. *% JFHE"??I;‘I%?%;F}J WE@?E‘?{J% PN AETT R el

(C) Female of two firefly species each only responds to the light signal issued by their
conspecific males PPETEY 2 | S PP AR a e o A 40T

(D) A male and a female moth sample caged in a box failed to mate and lay eggs — & &t
SRR - (A RN E L2 E

(E) Two individuals of stag beetles with prominent difference in mandible morphology
employ the same of sex pheromones. [ S FYEHH J[ﬁ?ﬂ PRIEN A E | PELEIfTS s

B IS PR g 5 S
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