PART B

Cell biology (10 questions, 51 points).
dHRE AR (3 > 5143 )

B1. (6 points). It is known that ribosomes of cytoplasm, ribosomes of endoplasmic reticulum
CRIGHRE ~ WES R AREG PRSI S B T 0 ERY & R - 551 Tl
(ER) and mitochondrial ribosomes take part in protein biosynthesis. Dlstrlbute proteins

& B RE S AV o AR TP IERER R A -

listed below on the basis of the site of their synthesis.

1. Elastin 5.Glycogen synthase 9. Prothrombin
S MR & i SR
2. Collagen 6. Receptors for glucagon 10. Keratin
B EH AR ZE FHEN
3. Somatotropin 7. Casein 11. Lactate dehydrogenase
ERBE fig & 14 AL S B
4. Actin 8. Phosphofructokinase 12. Tubulin
AILENE S S MEEH
Answers:

ER-bounded ribosomes
b B N S SRR RS
Cytoplasmic ribosomes

RS T YRS

Mitochondrial ribosomes

HIERES P HYRZ RS

B2. (9 points). Human disease albinism is inherited in the autosomal recessive manner (see
NEHEALE R — R AR E SRR (SREME) - EHNE AR A
figure). The cause of this disease is mutation from wild type gene A to recessive allele a,
SRR AN a o (IS fEAA A thEd —(E& &S T - SRERE BRI - I
which introduces a stop codon into the middle of the gene, resulting in a truncated
gesE G T — YRGB D) EML - DRI AT A PR G e oy s Lok 2 B L -

polypeptide. The mutation also introduces a new target site for a restriction enzyme, which

makes it possible to detect mutated genes by restriction mapping.
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Task: TAEZ

Depict the expected results of Southern-, Northern-, Western-blot hybridization analyses of all

ar EHA EER (aa, Aa, A4) FIFHEETT ~ 077 KPS T7 SBLEE ATV ERR &SR -
genotypes (aa, Aa, AA). Results of Southern-blot hybridization should be depicted according to the
P 7 AR AHES R R HR T 7 BRI » |7 BE RSB 2 B 7= -

length of the largest restriction fragment (11 kb) and length markers shown to the left of each

JERE > BEEC(markers)HY R EHUE FH R ETHE DNA R BREYRIE - J077 KPR SR AREE S AT A
Southern-blot hybridization lane. Markers have to do only with the length of DNA fragments.
RS - (HETEAFEERBFTES Z mRNA K& HEIHE R -

Results of Northern- and Western-blot hybridization should be depicted without scale, but taking

into account the respective positions of different restriction fragments for different genotypes.
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B3. (3 points). Three human-mouse hybrid cell lines have been created X, Y and Z). The table
=R R/ B AR S T VIR 2 Rl R X ~ YRZ - THRELS

hereunder summarizes their characteristics. Each cell line has several human

ARG RIS A B - SRS EABRRAELRER - HTaE T eRRNER -

chromosomes carrying genes coding for particular enzymes.

Chromosome or enzyme Line X LineY Line Z
X4HpERE | Y4HRERE | Z 4HREkk
Chromosome 3 - + —
Chromosome 7 - + +
Chromosome 9 - - +
Chromosome 11 + + —
Chromosome 15 + - -
Chromosome 18 + + +
Chromosome 20 + - +
Glutathione reductase + + -
Malate dehydrogenase + - -
Galactokinase + +
The human chromosome carrying the gene of each enzyme is:
IHEER T BIALR MR A g F 2
Answers:
Gene of: Chromosome
A JLgg

Glutathione reductase

Malate dehydrogenase

Galactokinase

B4. (3 points). Two independent mutation events of a DNA segment lead to the foIIowing
B DNA F BE BRI HVZE 8 B - HECT DUTHYEER - R0
results. Mark the type of mutations observed.

2 Fy A fEZESE -

5 codon ZXHET- 3

rrr Tl
G AG




Answer:

| B
2

A. Point mutation. E. Neutral mutation.
e e

B. Transition. F. Missense mutation.
i sRgkess

C. Silent mutation. G. Nonsense mutation.
fERTZE R

D. Transversion.

L

BS. (3 points). Mark the right statements by ‘+> and the wrong ones by ‘- in the appropriate

s [ + 9B — SRR MYIRGIUR I (+) Safar (—)

box.

A

In any region of DNA double helix only one chain of DNA is usually used as a

£ DNA fy#EfG - 385 5 — B DNA T FIZCE TR R AR -

template for transcription.

In bacteria the transcription of all classes of RNA is carried out by RNA polymerase
TEAHE AR [EIFEEAT RNA $5H [E—fE RNA B EESFTE R - £ EAZ40ER 5
of a single type, whereas in eukaryotic cells three types of RNA polymerase are

A =T RNA =SB ETTHEE -

used.

Formation of the peptide bond is carried out by enzyme peptidyl transferase, which
AR AR T KA ERS B &R SRR - PRGOS F B e 45 LR RG
binds to large subunit of ribosome after the initiation of translation.

FYRREAL E -

Since start codon for protein synthesis is AUG, methionine is only found in N
FIATE VB & R BB HE T B AUG » [R]JH: IR el R AR A 22 Bk SR Y
termini of polypeptide chains.

N i e

Many antibiotics used in medicine today selectively inhibit protein synthesis only in
FR F A% B EARZ AR Az G B 46 S Dhee ERYZESE - S H Al e
prokaryotes because of structural and functional differences between ribosomes of
2 BRI F A T E A BRI SR

prokaryotes and eukaryotes.

Modified nucleotides, which are in the composition of tRNA molecule, form as a
KUSERAVIZ T - Ky RNA S THVIERGEN D - Bl — iz E i dOE I E M
result of covalent modification of standard nucleotides after their incorporation into
EEfTE A RNABEE AL -

RNA-transcripts.




B6. (5 points). Oligoribonucleotide X was treated with phosphatase (for removal of 3" and 5’ -

FES AT B e o X S e DA R i B (RB PR 3'EA S'Um il AL ) - e
terminal phosphates), then with RNAase T1, which cleaves all phosphodiester bonds

LU RNAase T1 #ypz > V)l 3'm SEEHIERE —HEi (G525 NED -
located in a 3’ position of guanosine in a 5'-specific manner.

RNAaseT1

As a result, oligonucleotides L, M and N were generated in equal amounts. Each of them

&g = EME EN T A R L~ M~ N> e T2 DR
was further treated with phosphatase and subjected to alkaline hydrolysis. Results are
B Kt K - R TR ZEE R -

listed in the table below.

Oligoribonucleotide Content, mole/mole of oligoribonucleotide
SR Er B o Bt R
L UMP (1), AMP (1), CMP (1), Guanosine (1)
BEE
M AMP (1), Cytidine (1)
HE
N CMP (2) , Guanosine (1)
BEE

Then experiment was modified: oligoribonucleotide X after treatment with phosphatase was
HELEEWAR T - B T e X AL DA R R R - I RNAaseP FRE » DJET
hydrolyzed with RNAaseP, which cleaves all phosphodiester bonds in a 3’-position of
SmEIE N _HEgE (2RI TE ) -

pyrimidines in a 5’ - specific manner.

N N Py
5 OH ou oH
\/;P\/O \/\P/O \P/o O\
o © o7 o o7 o //

\
(0]

RNAaseP

This hydrolysis yielded five products in approximately equimolar concentrations: uridine

[ iEE G E AR DIETEY) - 7l BB RERE  BERERENH DL

monophosphate, cytidine monophosphate and oligonucleotides P, Q and R. After resolution of
AL ETGHE P~ Q ~ R & p oy Rtk igts - ial PRZEER -

the mixture and alkaline hydrolysis of these oligonucleotides data listed in the table below



were obtained.

Oligoribonucleotide Content, mole/mole of oligoribonucleotide
AL AR Rt R
p CMP (1), GMP (1)
Q GMP (1), AMP (1), Cytidine (1)
R AMP (1), CMP (1)

Using provided above results, deduce nucleotide sequence of oligoribonucleotide X.
A AR AT — VE B ERas IR E N A B R X B3
Answer:

B7. (5 points). The amino acid cysteine (Cys) has three ionizable groups:
LR EE E A = A LAY DhRE AL
- a.-amino group
a- Ak
- a-carboxyl group
a-FE Ak
- a side chain that can be negatively charged.

T A S R e A

The pK values are 8.18, 1.71 and 10.28, respectively. What is the net charge of cysteine at pH
H pK{E B/ 8.18 ~ 1.71 12 10.28 - E=FHtEEEE > pHL ~ 5~ 9 J 121 » HI5#EE R 77 )3
1,5, 9 and 12? Using an appropriate letter for each direction, show migration of cysteine in
Fofal ? DURCE PRI ERE R 7Y B AR [E pH (ERYEE S T Z A58 J7 13 Ryl 2
electric field at different pH values.
s (E P N Y = FERs 87 R g E S
A. To cathode (-)
(7] MRS )
B. To anode (+)
[] TE A% By
C. Does not migrate

g2

Fill in the table. Which of the pH values is nearest to the pl (isoelectric point) of this amino
AT EMEEZFIEATNRAN 2R | U—(E pH BB PRIt R BRI S E L8, - 551F T&RF
acid? Circle this pH value in the table.

B I pH {H -
Answer:
pH Net charge Migrates toward
R ERfRT EE EE 1A
1
5
9
12




B8. (8 points). Match the vitamins with their appropriate biological functions and/or
aa et NSRRIV ERIIRE - DUSGER = PE4E AR 2R R ET A
consequences of deficiency of this vitamin or it’s derivatives. Fill in the table for answers.

TS BRI THCE - SR IEE I AR IEERVRAL S -

Designation Vitamin
(AN AR

A. B; (thiamine)

B. B, (riboflavin)

C. Bs (pyridoxine)

D. Folic acid Z£Jiz

E. A (retinol)

F. D (calciferol)

G. E (tocoferol)

H. K (menaquinone)

l. C (ascorbic acid)

J. B1, (cobalamin)

K. PP (nicotinic acid) F4 %
Number Functions of vitamins or consequences of deficiency

EERAVTIRESER = R FT BB IER

1. Antioxidant $1 4 E5

2. Regulation of calcium and phosphate metabolism Zf[i$5 5 i (a5

3. Group transfer to or from amino acids 5 AL E P ThEEE: (FfEEfEH)
4, Precursor of light absorbing group in visual pigments ents 172 2 Z Y FiEEY)
5. Blood coagulation g1

6. Scurvy BERE

7. Beri beri Fil$&5%

8. Pelagra #& K795

9. Anemia £ i1




10. Subdermal hemorrhaging  F7 1~ HIfil

11. Co-enzyme of dehydrogenases =& B

12. | Rickets fi#5E (LOHE)

Answers:
A. G.
B. H.
C. I
D. J.
E. K.
F.

B9. (4 points). The table below shows haploid or partial diploid lac operon of E.coli.

TRERGREFREESE T EE lac #E4EHATERA -

Gene lacl codes for repressor.

A lacl FrRER A EY) Fllf & H

P and O are promoter and operator, respectively.

P K Oprl BsEi@Eh+ (P ) KI#EET (O)

LacZ and lacY represent genes encoding for &4-galactosidase and /-galactoside permease,
FEA lacZ & lacY FRERINEY I hl B G-FANEETE (lacZ) K

respectively.

B F N2 (lacY)

O° — a constitutive mutation in the operator.

O° Ryt E V4RI 28

I° represents a mutation in the lacl gene, which causes mutant repressor protein not to be
I lacl EAIZe8 » Ze B RATHIHIE O — 3 FEE &R -

separated from the operator once it binds to it.

Suppose that there is no glucose in the bacterial culture medium. Put a mark ‘O’ if &-
B At NIRRT I A s &N - 5F ol O R XEvRESE (O)
galactosidase is synthesized at each condition, otherwise put ‘X’ in the following table.

gAg (X) TR G--FAMHE -

Strain Genotype Lactose absent Lactose present
[EspES B it RHANE HELE
1 1" O°Z Y~

"oz /1m0t Z"

2
3 |I"P*O°Z"Y/I"P O"Z" Y~
4 PFPTO"Z'Y /I"PTO°Z"Y"




B10. (5 points). Match the organism in the left column with the corresponding disease in the

i N EH A B AR T ECES -

right column.

1. Bacillus anthracis

A. African sleeping sickness

FRIAAF FENHERRSA
2. Borrelia burgdorferi B. Anthrax
R ET IR e FRIEEL
3. Escherichia coli C. Cholera
KREGIF EEL
4. Filarial nematodes D. Elephantiasis
I e REw
5. Plasmodium vivax E. Lyme disease
TE I 85 A BT AR eGP
6. Streptococcus pyogenes F. Malaria
{EREEEEK TR PR
7. Treponema pallidum G. Plague
B IR ERs BRI
8. Trypanosoma gambiense H. Tuberculosis
HEFEHER P i e &%
9. Vibrio cholerae I. Strep throat
ERLINE PEBRTRIMEE SR
10. Yersinia pestis J. Syphilis
R L] iS5z
K. Urinary tract infection
PRI R
Answers:
1 2 3 4 7 8 9 10

9
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Plant anatomy and physiology (6 questiopns, 29 points).
VYRS e A28 (6 /E ~ 29 47)

B11. (5 points). The figure shows a cross section of a plant leaf.

TEAEYER EVE

Indicate which of the following statements concerning this plant are true (+) and which are false (-).

FIEN THIRCRKE S » SHEBFRA LD T+, REE - T — &G -

1. Hydrophytic habitat. [It; 557K 4= 1647

2. C4-photosynthetic pathway. Y& ERERY C4 1

3. Anatomy “kranz”. IR 4 R Y

4. Mesophyll with isolateral organization. Z=ERIE FNAHZE 7 fitik4H %%

5.  Xerophytic habitat and plants of tropics and subtopics. ]
FAMEY BARNEGY ~ wizldy 23

6. C;photosynthetic pathway. S¢&1FHEY C3 Al

7. Pennate venation. 44,k

8.  Asteraceae(Compositae) Family. Zgf}

9. Poaceae (Gramineae) Family. R AF}

10. Parallel venation. E1 7k
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B12. (5 points). Label the plant structures in the following picture!
FEEFEE LAV ERET - R T EREYEE B st WERR)

> I.:)‘ AoDY @ N '.J‘{"\ (?j‘J ]
RIS RO ()

O

( 1 <

=

Phloem. & g7 &
Xylem. REHEL

3. Endodermis. Nz &

no

4. Fascicular cambium.

EERPEHE
5. Epidermis. & x7

6. Parenchyma. SEiEE4H &%

7. Cortex parenchyma.
KRB S &
8. Sclerenchyme.

JEEELH 48
9. Interfascicular
cambium.

EEF R EE

10. Collenchyme.
EAHS

B13. (5 points). The potometer can be used to measure transpiration in a cut shoot such as

T EISEE (potometer) w] A BURIE — Bt st (BIL0MIHEY) BYB KIS

rose-bay willow plant, by measuring water uptake.

RANFRZRAAER




Willow herb shoot

Capillary tube Bubble

Water-filled \
tube Water-filled Scale

syringe

Hypodermic needle

Rubber tubing

Indicate which of the following statements are true (+) and which are false (-).

FlET NYIRGIE » SEAEEER DL T+, AERE -~ T — 5 ARG -

A. The potometer is usually assembled under water
AR T T /K P A SETE AR

B. The water-filled syringe is used to suck water out of the apparatus when air bubbles

appear FKHVEH AR EE T A D e RIEELR - RZAGR KR

C. The willow shoot must be sealed with vaseline immediately after it is cut from the

plant. fIs{ERAE S EYIV] MiF > EIZRIDAUL B D) E

D. The hypodermic needle is used to introduce the air bubble into the potometer.

RN gt AGRE R R A E

E. Enclosing the shoot in a black plastic bag will reduce the transpiration.
i KT DA SR BB S (T mT T (R 2R B E

F.  The rate of transpiration will be high in still, humid air.
TR e SORRZE R 28U YR =

G. The rate of transpiration will be highest in warm, dry moving air.

FE R S HE R ZE SR T - 26U E YRR )

H. The rate of water uptake and the rate of transpiration are not always equal.

IEEAE IR TR 5 Y IR B 2 B FH Y R A A [

I.  Low cohesive properties between the water molecules create problems for potometer

experiments.

Ko TR E - EiE Rt E

12




B14.

B15.

13

Results from potometer experiments can never be quantitative.

BRI REAERE

(2,5 points). For a short-day-light plant, please predict which treatments, as listed below,
WG HREYS - TR 50— 2 o] DAHDHIBEAG(+)?
would inhibit (+) flowering. All the treatments were conducted at night. Mark true

FrA R RR B E AT -

statements with “+”, false statements - with “-.

Hle NYIRGIEARy > SFEE QDL T+ RIS - T — ) AR -

Exposure in red light and far-red light, consecutively.

IR IRETATY ~ AT

Exposure in red light, far-red light, and red light, consecutively.

RPIRETEDE ~ A ~ 48

Exposure in red light, far-red light, and white light, consecutively.

IR IRETEDE ~ AL ~ HOE

Exposure in white light and far-red light, consecutively.

RIS EOE ~ BADE

Exposure in red light, far-red light, white light, red light, and white light,

consecutively. {RFPIEETATE ~ BT ~ HYE ~ &% ~ A%

(6,5 points). Diffusion and osmosis are important for the passive transport of molecules
RRCZZEE AR T EER EEEY: - BIIEEZEDITRHE

in the cell.

01. (2,0 points). The figure shows an experiment with a dialysis membrane filled
T ERUS BB —EEE A BBt A R () RYZENTRR -
with sugar and starch (colorless) hanging in a beaker with diluted iodine

EN—AEEMEIAR(F-fRe) 2 etrd

solution (orange — brown). Which color would you expect after several hours
HERUNRRYENT Z 12 - TR FIBR (kY

of dialysis (mark with “+”).

SRR L HEZER PR



Solution in the
beaker.

BEMR AR

Solution in the
dialysis tube.

BEITENIER

iodine

solution

Colorless
/ftt@ sugar

starch

Orange-brown

R

Pink-red
K &T-41

Greenish-
yellow

Blue-black
B H

02. (2.5 points). In a similar experiment dialysis membranes are filled with solutions
ES—HEUNERS - A EEHEERNEEFENE - HETENARERA T
with different concentrations of molecules and left in beakers with solutions with
BRANFENERREEE W TRATR)
different molecule concentrations. They have all the same mass at the beginning of
BRETZY) > FrEEMRNERNEETMAER -

the experiment. The size of the molecules is bigger than the pore size of the
FTRNELLENTRAFLUARK -

membrane. Please mark with “+” the experimental settings, where the beaker

FERM IR (BREAT IR P25 MU BB Ry (BRI RV A TR+

contains a hypotonic solution compared to the dialysis tube, and mark with “—” the

E\:ﬁﬁ%ﬁ“_”

different settings.

Experiment A B C D E

Concentration in 0,1 0,8 0,4 0,2 0,4
the dialysis tube
(M).

EITE NS
(M)

Concentration in 0,8 0,1 0,2 0,4 0,4
the beaker (M).
SRS R
(M).

Hypotonic
solution.

RARIE R
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03. (2 points). The tubes are weighed after several hours of dialysis. Their mass is
EBUNSHENR - REENTESETE
compared to that before the dialysis. Write the letters of the experiments in the
WEENTHIVE MR - IRBEERNERA/N
order of tube mass increase, beginning with the tube having the lowest mass.

H/NETRIKSY - EEFRR LR HEERI TR

Order of the tubes with regard to their mass:

ENTENZEEH/ NIRRT

# Answers:

B16. (5 points). Which position of sporangia is characteristic of present day representatives of

THIZEYFIHERFEY  RE T - RN AT & B0 T ERFTR)
the higher plants phyla listed below?

EREEEERBTAFEALTERT

I I Il v \Y Vi

® H _ ) s
o |=]e/t

S- sporangium S AEE T2

Phylum Plant number {E%)%% B85

L

Bryophyta # %%

Lycopodiophyta A

Equisetophyta AP

Pterophyta EL [
(Polypodiophyta)
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Animal Anatomy & Physiology (6 questions, 26 points).

VIS s A ELER (N - 3L 26 97)

B17. (5 points). The graph indicates the blood levels of three hormones produced in

N Rt 2O RN > MR T =R T R SRR L

a pregnant woman.

Blood
hormone
level

e
CES s

—-=—  Hormone A Tﬁ%@;j%A
—— Oestrogen @J'E%

N\ —=== Progesterone ey 2

T T = ) L] 1 ] 1 1]
4 8 12 16 20 24 28 32 36 40
Time/weeks

ISV c

01. (2 points). Using + (true) and — (false), indicate whether each of the following is true

SAEA + B 5% - AR FSIRGIRIERE (+) =ik (—)

or false.
A. Hormone A is produced by the ovary
1o 52 A 2 UV S Blis
B. Hormone A is human chorlonic gonadotrophin.
A A e NEFH BN RERHZE (HCG)
C. Hormone A is prolactin.
1o 52 A Ry FLER
D. Hormone A is made by the chorion.

]IS A B ESERATRE

02. (1 point). Which hormone keeps the smooth muscle of the uterus relaxed during

YA ER LT B PR U BRI R BORAIRRG 2 55 H 4 SR IR & 28

pregnancy? (mark with ‘+).

A

B.

C.

Progesterone.

BhZele (sRaiE)

Prolactin.

WFLIER

Oxytocin.
HER

FSH.
TEHRIEER ((elEiEER)

LH.
U EXSES
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03. (1.5 points). Two other hormones, not shown on the graph, are also produced during

PR EEIFTREVEERIN - B RN R USRI E

papitiveringdllin

pregnancy. These are prostaglandins and oxytocin. Indicate whether the following

RREER

s (A + FE — SR MYIRGUR R (4 ) Sdfsr (—)

statements are true (+) or false (-).

A. These two hormones are produced by the ovaries.

VB P 2L H O S s

B.  These two hormones are espon5|ble for milk formation.

EWEYE S aE I T ELE

C.  These two hormones are respon5|ble for contractions of the uterine wall.

L N o = e A O

D. These two hormones are made by the endometrium and pituitary gland, THHI

EMERE S RIETENE (BYIRE) MG T (BER) iE | %

respectively.

B18. (3 point). Name the germ layers of metazoan embryo of which the following systems or
FHRIFRSE (12 3) 5B F 7158 B R S T :

organs developed:

A.

B.

Brain. AHE
Hair.BE52
1. Ectoderm.
C.  Autonomic ganglia. 5 F= &8y 4845 YNEJE
2. Endoderm.
D.  Lungs. N
- 3. Mesoderm.
SN

E.  Cardiac muscle..[ [l

F.  Cartilage.#t%

B19. (3 points) Match the protein (1 to 6) and its function (A to F):
AT N AIEYEE 8 DR FRC S

1.

2.

Myoglobin.
K

Prothrombin.

EITRIR

. Ferritin.

SRR

. Vasopressin.

PRI

. Collagen.

ZIREH

. Rhodopsin.

BRRaE

A. Blood clotting.
AemEH
B. Regulation of water excretion.

AT K IR
C. Light-sensitive pigment of rod cells.
AR R DR B 2R 0+
D. Oxygen-storage in skeletal muscles.

HRAL T S E ERAATE

E. Iron storage in spleen, liver and bone marrow.

FERE ~ BT B B8 R BT F

F. Major fibrous protein of connective tissue.

RyddisrsHaR T LAY EE A



Answers:
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1 2 3 4

B20. (4 points). Sign the curve by filling in the circles using appropriate numbers from the
£ NEFR T HIEEEEN - oA AR H 5 DR AR S L - R AE
upper figure. In the table, for every number put a correct letter corresponding to a term
EAS iy O v WA IR e ) A

given below.

—

Spirometer

_k”‘a’uﬂ)ﬁ’ziﬁﬂﬁ% N

[ Residual
I volume -1
‘ ) o e
| H @ TR
| 54 N
- @ SLERRAEEN T ) %‘@ﬁ
olume
= Direction of paper travel o)

Respiratory volumes

IR, 25 R
Number in
the picture Term
and curve letter
B o H 4R Y HL
% REE
1.
2.
3.
4.,

': Residual volume fifigf 255 ': -2

A. Expiratory reserve volume.
VPR AT

B. Tidal volume.
HIRATE

C. Inspiratory reserve volume.
W SRR AR

D. Vital capacity.
FifivE &
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B21. (7 points). How can resting potential of a cell change after addition of the biologically
TIAREIEEY)% - HAHREAE EEE A AT 2 TR A SE LA RS -
active compounds listed below (compound addition is marked by an arrow 1)?

01. (5 points). Please determine which graph reflects the addition of which compound.
o T AR AR H IR Y
Fill the results in the table.

e (BEfiL - 20D
CERITANG X IVARNE] FEERr (B - 20

mV 1 MV
0 0 2
y R T wsp (i - =p) f Tme
W) B (Efr R
3
ﬁ -|:,mC

Nistatin (Na*- ionophore*): Na' gk iRk ga
Tetrodotoxin (inhibitor of Na’-channels): Na" 3@

Valinomycin (K*- ionophore): K'Hy#kT-#}pa

02. (2 points). How is the change of transmembrane potential, shown in the graphs 2 and

b 2 e JE 3 tRAREEAr B bAYIEHE LR B R

3, called?

A. Hyperpolarisation.
pEyCT
B. Depolarisation.

Ex il
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C. Repolarisation.

(b
D. Action potential.

EREERITA

E. Overshoot.

U R (1L

ANsSwers:

2 —

3

B22. (4 points). A mutation in the hemoglobin gene (HbS) causes sickle cell disease that

—TRIM AT ZR AN ZE 8 (HbS) & EE A= gt /T R > 85 [38— 2B IAVHER

produces a cascade of symptoms, such as:

HrpfufE
1. Anemia.
=il
2. Sickle shaped red blood cells.
S )R AT Bk AAE
3. Breakdown of red blood cells.
KL BRAHAE AL
4. Clumping of cells and clogging of small blood vessels.
ALIMBREE A E - BEUNIERHZE
5. Heart failure.
VS35
6. Kidney failure.
=23
7. Brain damage.
R EE
8. Damage to other organ.
HAth 25 EWIEE
9. Paralysis.
IR

In the following diagram, the symptom in the box on top of the arrow causes the symptom in
R HHAURE T - S ERAVE IR RER E TR E - SR REIR IR - 7Y

the box below the arrow. Fill the empty boxes with the number of the appropriate symptoms.
ZE A R A TR 55



Sickle cell (abnormal) haemoglobin
B JAIET I ER

l

S
a l

21
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Ethology (1 questions, 8 points).
VT R (—E > 847 0 5B 23 -HEMIER - AEMEE)

B23. (3 points). Guppies are often called ‘millionaire fishes’ because of their progeny.

(HMI%I? 1966, Professor C.M. Breder, then director of the New York aquarium, decided to
perform an experiment, in order to learn more about fish reproduction. He put pair of
Guppies (one adult male and one adult female) into a small aquarium, with 27.5 liters of
water capacity supplied with enough food and oxygen to maintain up to 300 fish. During
the 6 following months and with an interval of 4 weeks between each breeding (these
fishes are ovoviviparous), the female produced 102, 87, 94, 51 and 89 offspring, it means a
total of 443 guppies. A later recount showed that only 9 were alive: 6 females and 3 males.
The rest had been eaten by their own mothers.

In another aquarium with the same size and conditions, the researcher placed 8 adult
males, 8 adult females and 8 young fishes, a total of 24 guppies. Females got abundant
progeny, too. Data of proliferation during the course of the following 6 months from the

introduction of the original group of 24 guppies in the aquarium, are shown in the

following tables.

FEMALE 1
Week 4 |Week 8 |Week 12 |Week 16 |Week 20

Number of offspring Males 29 24 31 30 33
after each hatching

Females 58 48 64 58 68

Total 87 72 95 88 101
Number of offspring Males 0 0 0 0 0
counted some hours after
hatching Females 0 0 0 0 0

Total 0 0 0 0 0

Observation: The just hatched guppies were devoured by their own mother
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(B23 RAHE)
FEMALE 2
Week 4 |Week8 |Week 12 [Week 16 |Week 20
Number of offspring Males 32 26 33 28 29
after each hatching
Females 65 50 66 56 58
Total 97 76 99 84 87
Number of offspring Males 0 0 0 0 0
counted some hours after
hatching Females 0 0 0 0 0
Total 0 0 0 0 0
Observation: The just hatched guppies were devoured by their own mother
FEMALE 3
Week 4 |Week8 |Week 12 (Week 16 |Week 20
Number of offspring Males 32 29 25 34 28
after each hatching
Females 64 56 51 69 55
Total 96 85 76 103 83
Number of offspring Males 0 0 0 0 0
counted some hours after
hatching Females 0 0 0 0 0
Total 0 0 0 0 0

Observation: The just hatched guppies were devoured by their own mother




(B23 FEHE) 24
FEMALE 4
Week 4 |Week 8 |Week 12 |Week 16 |Week 20

Number of offspring after | Males 28 25 35 30 29
each hatching

Females 57 49 69 61 60

Total 85 74 104 91 89
Number of offspring Males 0 0 0 0 0
counted some hours after
hatching Females 0 0 0 0 0

Total 0 0 0 0 0
Observation: The just hatched guppies were devoured by their own mother

FEMALE 5
Week 4 |Week 8 |Week 12 |Week 16 |Week 20

Number of offspring after | Males 33 30 30 23 30
each hatching

Females 67 59 64 47 60

Total 100 89 94 70 90
Number of offspring Males 0 0 0 0 0
counted some hours after
hatching Females 0 0 0 0 0

Total 0 0 0 0 0

Observation: The just hatched guppies were devoured by their own mother




(B23 AEME) 25
FEMALE 6
Week 4 Week 8 |Week 12 |Week 16 |Week 20

Number of offspring after | Males 30 29 26 35 25
each hatching

Females 62 57 53 70 52

Total 92 86 79 105 77
Number of offspring Males 0 0 0 0 0
counted some hours after
hatching Females 0 0 0 0 0

Total 0 0 0 0 0
Observation: The just hatched guppies were devoured by their own mother

FEMALE 7
Week 4 |Week 8 |Week12 |Week 16 |Week 20

Number of offspring after | Males 29 24 33 28 29
each hatching

Females 60 50 71 57 62

Total 89 74 104 85 91
Number of offspring Males 0 0 0 0 0
counted some hours after
hatching Females 0 0 0 0 0

Total 0 0 0 0 0

Observation: The just hatched guppies were devoured by their own mother




(B23 NAME)

FEMALE 8
Week 4 (Week 8 | Week 12 |Week 16 |Week 20

Number of offspring after | Males 26 32 33 28 28
each hatching

Females 52 65 64 58 57

Total 78 97 97 86 85
Number of offspring Males 0 0 0 0 0
counted some hours after
hatching Females 0 0 0 0 0

Total 0 0 0 0 0
Observation: The just hatched guppies were devoured by their own mother

ORIGINAL NUMBER OF FISH
ADULTS YOUNGS
Males Females

Initial number of guppies in the 8 8
aquarium
N° of guppies recounted one 3 0
year later

Observations: The young of the original establishment were devoured by the adults.
Some adults of the original establishment died by unknown causes.
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Which of the following statements arise from the analysis of the previous data? Mark with ‘X’

correct statements.

I.  Guppies eat their own offspring (‘infanticide’ behaviour).

Il.  Guppies show ‘indiscriminate’ cannibalism, eating all individuals belonging to its

species.

I1l.  Guppies show ‘selective’ cannibalism, eating the individuals belonging to its species

which are shorter than threshold level.

IV. Guppies show ‘selective’ cannibalism eating only foreign progeny.

DL kR (B23 RAEMEE)

B24. (8 points). Two young men (Hans and Henri), behaviour researchers of more or less the
Wiz (Hans and Henri)FE8EHITT RyER5¢ - FRac BSNpUARTT - ST 78 NI 20
same age and appearance, are going to do some investigation about sexual preferences of
AIVERESF - FolbHUAPTETE 1 7l Ry SR e MR 2 & B P S MR - G RH A R 5 17
human females. For this purpose they select six nice outdoor cafés popular with young
B B s TNz ek (AED

women and hire two identical bikes of which one is provided with an extra child saddle

(see picture).
extra ihild saddle - hn/ Nz A w5

\

€%

Hans and Henri expect that a man having a bike with a child’s saddle is more attractive for
Hans Jz Henri fiae—58 AN ETTHCENIEE 7/ Nz A i gy 2ot s Bk 5 1)
young women. This is checked on a sunny afternoon in July. Hans and Henri make a tour
WA BT H T AR AP B - fAPTE A EF 8758 FE R umERE R 2 -
along the six outdoor cafés, indicated A to F. At every café they halt for 15 minutes. While
FUEYFEE g - A IREEERE R EEEAE SR - FR 0 BT EARES MR 20
standing in front of the café with their bikes and simulating as if they are having a talk

R FIAYHR fe AR E AR A - RFIEECER N2 > MR HIAE N —(En A (R 3R H AT
together, in the meantime they both try individually to realise as many eye contacts as
HEREERA T RATR -

possible with the females sitting outside. This is recorded and after each café Hans and Henri

change bikes. The results of this experiment are shown in the table.
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Number of hits (eye contacts) at café Ato F

A 2 T IR AR R 2B

A B C D E F Total &%
Hans 12 10 14 7 17 12 72
Henri 9 17 10 10 12 20 78
Total 21 27 24 17 29 32 150
5L 54

Remark: underlined are the hits obtained by man (Hans or Henri)+bike with child saddle.

ISR E R B TR I NMAE R Y A E A

Hans and Henri expect that the man with a bike supplied with an extra

Hans 2 Henri THERA IS/ NMZIRER A58 N G EEA NS et 2o SR B 5 77
child saddle will be more attractive for females than the man with the bike without a
SCRFIE—AEUARY AT RE B S AR 2 M iy SR S B £ S AR A Y (4 A
child saddle. Possible arguments supporting this idea are based on the hypothesis
TREIT R Z e -

that female organisms often show behaviour focusing on objects related to survival

of species.
01. (1 point). Which of the following statements is a correct Null Hypothesis for
THI—#ci 2 Hans A1 Henri 8 5g 19 SRk 2

the experiment of Hans and Henri?

1. Hans and Henri do have the same attractiveness for females.

Hans A1 Henri ¥ 2Z0MEA N5 )T -

2. The attractiveness of a man + bike with child’s saddle is the same as man + bike without child’s
saddle.

AT RIS N B N BRI ARG ]

3. The six café’s do not differ in the character of the visiting females.

e E R RA Y 2 AR 1 02 A AR -
4. Having eye contact of a male with a female is not an indicator for attraction.
VAT 2RI AR EARA A 2R 5 [ JTHYFE S -
S. The attractiveness of a man+bike with child’s saddle is larger than that of a man+bike without

{TEINES N2 Y B AR S [ T bR InAEE K -
ch11d s saddle.
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02. (1 point). Hans and Henri do some calculations with their results.

Hans 1 Henri #f E45 RV TE

Number of hits per café

I ERERR AR Y 2R

Mean (average) Standard deviation
SEEE A

Hans 12 34
Henri 13 45
Hans+Henri 25 55
Situation A: 15 3.7
HILA
Man + bike with child’s saddle
SRR NN AL EEE PN
Situation B: 10 1.9
%59 B
Man + bike without child’s saddle
BT RIS N R B A

You have to check the significance of the differences between situation A and B using

TRF ] ttest il A K00 B 2 B RE =5 - 55 N IRYRE -

the t-test. The following table should be used.

Level of significance Critical t-value
K R t{E
100 % 2.02
50 % 2.57
25 % 3.37
10 % 4.03
05 % 6.86

Calculate the standard deviation of the difference between the means of the two situations A and B

FERT A ETRGIRN A BRI B P {E 2= RAVEREfR= -

in using the formula:

S :\/{(SAZ/nA) + (SBZ/nB)}
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03. (1 point). Calculate t, using the formule:
TER NAIAGETRE tE -

t=d/s, t=

d — difference between compared means (situation A and situation B).
d FURARI A BLIR B S EAYZES -

04. (1 point). How sure can we be about rejecting the Null hypothesis (e.g. difference
BT ar e PR R fE a2 sE Y (IR A LR B fEdst B A RIE25R)

between situation A and B is significant)

1. Less than 75,0 %
/IR 75%

2. In between 75,0 % and 90,0 %
A 75%F1 90% 7 [

3. In between 90,0 % and 95,0 %
FHY 75%AK0 90% 2 [4]

4, In between 95,0 % and 97,5 %
TN 95%F1 97.5% 2 ]

5. In between 97,5 % and 99,0 %
FHY 97.5%F0 99.0% 2 [H]

6. In between 99,0 % and 99,5 %
TN 99.0%F0 99.5% . ]

7. Over 99,5 %
#H 99.5%

05. (1 point). Hans and Henri show their results to Paula, their boss. Paula claims that
Hans F1 Henri fE{{fTHY45 R 45T Paula & » Paula 3R f{F0 7 —{EK

Hans and Henri made a big mistake looking at the total number of hits per café
8 R A EY AR R A 4E e 17 2 32 A2 E K > Hans i1 Henri “R[E]
since the six cafés differ too much as a spread 17 up to 32 is too much. Hans and
& Paula - WEA-RIT GG E M MAVEES - (EH TYIARE By 2E -
Henri do not agree with Paula and want to prove their point of view using
the y2test. Determine the y2using the following formule.

(O-Ey

06. (1 point). Indicate the degree of freedom (df) for this test:
BRI B B -

07. (1 point). Determine the probability P for this
JER NRAEI R oty PH - (5 EE R
x2test, using the following table. Estimate the answer in %.

IPNEPs s




31

(df) Probability (P) of random deviation
B R FH BB A 2R AT IS T

0.995 | 0.975 0.9 0.5 0.3 0.25 0.1 0.05 ]0.025 0.01
1 0.00 |0.00 |0.02 |046 |1.07 132 [ 271 3.84 5.02 6.64
2 001 005 |021 |139 |241 277 |4.61 5.99 7.38 9.214
3 007 |022 |058 |237 |3.67 411 |6.25 7.82 9.35 11.35
4 021 048 |1.06 |336 |48 539 |7.78 9.49 11.14 13.28
5 041 ]083 |161 |435 |6.6 6.63 |9.24 11.07 12.83 15.09
6 068 |124 |220 |535 |73 7.84 | 10.65 12.59 14.45 16.81
7 099 169 |283 |6.35 |8.383 9.04 |12.02 14.07 16.0 18.48

08. (1 point). Which of the following conclusions based upon this y2test is correct?

H IR AR (A Y

Looking to the total number of hits per café.

1. The café’s are different, but the differences are not significant
WREE < FEA 22 A - (EH R R

2. The differences between the café’s are significant

U R R Y 22 Rl A B

3. The results are dubious or questionable, something must be wrong in the design

GERBERR A IHEA R - IEEER

of this experiment

2T
oX g

4. The café’s are not different, but this is not significant

FUMYERE Z A 2R (HELAARETESR -

5. The café’s are not different and this is significant

DIYERERE G AR > HILEREAEE -

TR E T EH R

REORE - BRILRIT oM MY —(E = 2

WENEL




Genetics (7 questions, 26 points).

HE

B25. (4 points). What genetic problems can be solved, using the next objects: Zea mays,
K

9.

BIfE T 5T R Bh BRI B R R R R

Drosophila melanegaster, Saccharomyces cerevisiae, Caenorhabditis elegans,

S B REE
Escherichia coli, bacteriphage A4,
REGHRE AR RS

priones?

T REL(BEOFEN)

Obtain gene mutations.
TRz

Obtain chromosomal mutations in eukaryotes.

EREZ Y Z TG e s
Make gene maps.
BURENERE

Investigate meiosis.

AW SGaEs

Investigate mitosis.

=R AL

Investigate X-chromosome.
b7E X-Zetis

Obtain extranuclear mutations.
SRR S

Use Agrobacterium tumefaciens Ti-plasmid for gene treansfer to the cells of given

&RER

HIFHRARE Ti-ERS - REEREE A — (A e AP HIEHE A

organisms.

Perform the gene transfer by transduction formation.

PR AT T AR N

10. Investigate lac-operon regulation.

e AL R e AH A FR B

11. Determine the DNA sequences.

i Z DNA F51

Indicate the correct statements by “X” in corresponding box of answer table:

EEFRMAVRN > LUX R IERERY AT
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Object Statement number(s)
ExX7) FOILER 5T
1(2]3 516 |7 8|9 10 11
Zea mays F>k
Drosophila melanogaster 5
Saccharomyces cerevisiae fE £}
Caenorhabditis elegans 3 &5 I

Escherichia coli KSR E

=

Bacteriophage 4 A-I: i AS

Priones & & 2 5
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B26. (5 points). Suppose the situation when the birth records for 4 children were occasionally

BB A UEER AV AL ERT -
lost at a hospital. The ABO blood types of four babies are known to be A, B, AB, and O.
EV{ESR RRYABOIMA AR ~ BHY - ABHY ~ FLOH! -
To solve the problem all of their parents were tested to blood type. (Father of third child
PO REy ER T A (H S = (E8R RIS E B -
wasn’t found). The results are shown in the following table.

GERECIRAE TR -

01. (4 points). Match the babies with their parents by marking the right blood types in
RFIERERY SR FRIMAY - BORERECRBRRHYZEREA -

the table .
Families Blood type of each parent Blood type of a baby
Kz RN AY BRI #Y
Parents 1 Father AB
Mother (0]
Parents 2 Father A
Mother (0]
Parents 3 Father Unknown
sl
Mother A
Parents 4 Father (0]
Mother (0]

02. (1 points). Which blood type(s) can the unknown father have?
5B =EER SRV R R I A ? (RS P RHE A B R 22 )

B27. (3 points). Connect the terms widely used in population genetics in the left column with
o ZE R R R (B B A4l B RV B AR R R -

the correct statement in the right column.

Term BEE 4455 Statement g2BH
1 |Inbreeding depression. A | Fixes advantageous alleles and removes disadvantageous
AR BC R alleles.
REAAHIHY - TSR YA
2 | Gene flow. B[R B | Increases genetic diversity within and between sub-
populations, but occurs rarely.{sE/NEERE N Kz 25 EEERTAY
SRR EEEN - (BN
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3 | Selection.
SEE

Increases variation between sub-populations and decreases
variations within sub-populations. {55 2 ([ NEEEE Y 2= 5
B - T NEREPY 8 gD

4 | Outbreeding depression.
MR IR R

Fitness reduces due to increase in homozygosity,
expression of deleterious alleles increases as a
consequence of mating between closely related individuals.
[EH & -FHIEEGIRE N » (BRI o TS AECEAR
FFRYERR 2 U ER A

5 | Genetic drift.

Reduction of fitness due to mating of genetically divergent

B individuals BLECERAR R [ (EAR RS » 2R e /)
FEAE
6 |Mutation. Decreases variation between sub-populations and increases
R variation within sub-populations. (i &/ N EER Y 22
D T /N R A Y B S
Term 1 3 1 5 ;
Answers:

B28. (4 points). In an isolated human population of 8400 persons, the frequency of allele 1* is

FE—{EH 8400 {B A F4ERRETFRREREER » 1" FYRSERARSR Ry 30%

30% and allele 18 is 10%.
1° UL PRISESR By 10% o

What is the number (and %) of people with each blood group?
RSB NSO S E SRR RS

Group People number (%)
AB Byt
©)
A
B
AB

B29. (4 points). Suppose that the difference between 10 cm high maize and 26 cm high maize
fBa FoRHITER (10 A73~26 AR HUHERFTAER

is due to four pairs of addictive genes. The individuals with 10 cm have the aabbccdd
SERBEENER)  RREL 10 A2 EBHEREZE aabbcedd
genotype and the 26 cm - AABBCCDD.

26 N45rRYRIIE AABBCCDD

01. (1 point). Determine the phenotype of F1 if it is known that the parental plants are
BL10 A48 26 A aVERE R CETHR - AIE—FREDAVRER

10 cm and 26 cm of high.
FER A (52 57)?
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Answer:

F1:

02. (1 point). How many phenotypes classes would be in F2?
£ F2 oG %/ VIR ALY

Answer:

F2:

03. (1 point). Determine the phenotypes of F2 if it is known, that the parental plants are

AR CHIRE RS ARy 10 cm Kz 26 cm > 5RRH F2 By R IERIRAMR -
10 cm and 26 cm of high.

ANSwers:

04. (1 point). What fraction of plants in F2 will be 18 cm high ?
F2 18 AT RAVEYHERFTELL AR 2/

Answer:

B30. (4 points). The following figure shows the distribution of the concentrations of five

TN R RSB R T AR E B B R RE AR

hypothetical proteins in a Drosophila embryo. The anterior end is on the left and the

B A RIA N (VIR 718 - BARRERER)TH -

posterior end is on the right. A and B gene products activate the expression of Q gene,
ERAKBHEYEELQERNFES » MERCEDHEYRIGHIHQER -

and C and D gene products repress the expression of Q gene.

Protein
concentration

rd = ST

arterior postenar
Longitudinal axis of embryo
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If one of the A, B, C and D genes is mutated, where the protein Q would be found? Choose the
R A, B, C & D ERPIHIE—EEERE > HIELE Q GEMEHEER?

right answer from proposed variants.

LU T IR VB R R PR B 3

Expression pattern of Q gene

Mutant A

Mutant B

Mutant C

Mutant D

<Examples>#EIH

. Would be found in the anterior end on the embryo body.

PR R

1. Would be found in the posterior end oh the embryo body.
PRRGT

1. No significant change

IV.  Expression of Q gene would decrease significantly.

QERHRIURHEE M I
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B31. (4 points). It is known that in some dioecy plants sex can be determined genetically as in

AR RERGVE YRR LRI RIR e T BB AR -

animals. Examine the results of analysis of different types of polyploids and ascertain

TRR 2 EEYHIA AR R (AR AR - BRI BE)

the type (mechanism) of sex determination in the given plant species.

DUR MERIEIRER R I HIEr AR E T2 BT & T F IR AL ?

Choose the correct statement and fill its number into a box.

SIS PR R LR - AR H SR AT -

Rumex acetosa [i&f5 Silene latifolia =EEEE 2

Genotype Sex Genotype Sex
2A+2X Q 2A+2X Q
2A+X+Y 3 2A+X+Y 3
2A+X+2Y 3 2A+X+2Y 3
2A+X+3Y 3
2A+2X+Y Q 2A+2X+Y 3
2A+2X+2Y Q
SA+X+2Y 3
3A+X+3Y 3
SA+X+4Y 4
3A+2X 3 3A+2X Q
3A+2X+Y 4 3A+2X+Y 3
3A+2X+2Y Q4
3A+2X+3Y 3
3A+3X Q 3A+3X Q
3A+3X+Y Q 3A+3X+Y 3
3A+3X+2Y Q AA+X+Y 3
AA+2X+2Y 3 4A+2X Q
4A+2X+3Y 3 AA+2X+Y 4
4A+2X+4Y 3 4A+2X+2Y 4
4A+3X Q3 4A+3X {
4A+3X+Y Q4 4A+3X+Y 3
AA+3X+4Y 3 AA+3X+2Y 3
4A+4X Q 4A+4X Q
AA+AX+Y Q AA+AX+Y Q3
4AA+4X+2Y Q 4AA+4X+2Y 4
5A+5X Q
6A+AX+4Y Q4

A — haploid number of autosomes. A {XFEHE L EEHY BE (4

1. Sex determination as in human.
MR E T = A JEAE [E]

2. Sex determination as in Drosophila.
PR E 5 =G A ]

3. Sex determination as in birds.
MR E T = S A [E]

4. Sex determination as in bees.

PRI E J7 A S A [F]
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. In given plants X-chromosome determines maleness and Y-chromosome determines femaleness.

X-ZLEOFG R EENE - Y-S e e e
. The presence of Y-chromosome is necessary and sufficient condition for the formation of male
Y - RS IATAE R A C T R 70 70 h BB

flowers.

. Y-chromosome doesn’t take part in sex determination.
Y - RS LR I E SR

. X-chromosome doesn’t take part in sex determination.
X-ZL G L 1] E

01. Rumex acetosa s

02. Silene latifolia EEEFE2




Ecology(5 questions, 17 points).
EREEGE - 175)

B32. (3 point). Three pond ecosystems (1, 2 and 3) were used for fish production. When the
=EAEERR R (L, 2 & )W VEER -
total number of fish in each pond was measured, following pyramids were obtained.

F-ETENNARBETRBR - RER G R)

(Age of the fish is divided into six class intervals).

FREBNEFEA TR -
Vi VI
f f Vv
v v
/ \I / X
/ \I [ \ |
1. 2. 3,

Assign these pyramids the appropriate features from below. Indicate answer in the table
THIRG S - BEEEPESESFIEEFEINESE - HARF -

below.

A. Pond with very intensive fish cropping.
IR E E R

B.  Pond with selective cropping of baby fish.
BEREVEIHE A At

C.  Pond with limited fish cropping.

/D S A

D. Eutrophic pond.
B bt

E.  Pond cropped regularly.
JE HI S ot

F.  Pond with excessive turbidity and excessive phytoplankton.
MBERTENIR S B A Y)
G. Pond with optimal age structure.

B R S T

Pond it Statement &kt
1
2
3
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B33. (2,5 points). The following figure shows the food web of a certain ecosystem with five

TERZEE A £ EAEVENEBRRZ|RYE -

species (A-E). Arrow indicate the flow of energy. Match the letters to the descriptions of

FRCREERRE R - EEFCRTYETR -

the species:
©)
(B)/ T '\\% (E)
/
(A \

D) —— Reducers &
Producer 4= E#
Herbivore £ & &h)
Omnivore FEEEY)
Carnivore (A& &)

B34. (8,5 points). Fresh water bodies can be subdivided into still-water systems (lenitic
BRIKERE R T 43 RAK 28t CHiERISR)
waterbodies = ponds and lakes) and streaming water systems (lotic waterbodies =
HIRENZK 2 & (30H)
creeks and rivers). Both groups differ in the abiotic factors and in their flora and fauna.

RS YR T REMEYAE EEAHEE -

01. (2,5 points). Indicate the correspondence by marking with ‘+’.

R ENRAAR

Water system characteristic Water system type %7K Z4%¢

TKZFHE lotic REH/K lenitic EF/K

Rapid decrease of the light density
with the depth Y4558 % 7R T
HREE[E(E

Normaly staggered water temperature
Ko SRR

Occurence of long-lasting plankton
communities Bl EFEATEAEY)
B

Streamline body of the animals

BV S HG Ry ar il

Animals with suction cups (suckers)

BAEREENY)
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02. (3 points). Rivers show a marked profile of various water quality parameters along

U BT A AR EEKER

o (AT RAL)

their length. Samples taken near the source of the river show different values for

FREAL AT IR BRE KR TS A 7K D A LR

various parameters compared to samples from down stream parts of the river.

Mark the expected tendency of this difference using the symbols “+” for increase,
BERELAERIES » DL+ RN ~ «-“RERRED ~ =R B(L -

«-<« for decrease or “=” for no change.

From near the river’s source >
JAAURER

A.  Water temperature. 7K;5

B. Oxygen content. £F &=

C. Turbidity. JE/&E

D.  Amount of sediments. }J & =

E.  Amount of nutrient minerals. Y& 51 &

F.  Velocity of the flow. i 2

To lower part of the river.

AN

03. (3 points). The graph shows values measured along a river (river continuum). The

TEFR R _ETRTARSHIE
P/R ratio represents the ratio of production to respiration in the given part of the

PIR ERFREEEHITEREATLLE -

river. Choose the correct parts of the river for the given below questions according

B T EREERERTRESE -

to the graph.
A
10
10 p=—mmm ol
' P/R-ratio 10 N 5
° o >
= X [} =
o s ~.  biological | 0,1 © 4e
x 01 s S~ _ diversi 3 3 2
T e ~Aversiy 01 & S
Ne -7 \\\\\ , 2
mean particle size ... 0,001 1
001 organic material

1234567 89 10 11 12
(source) parts of the river (lower parts)



B35.

B36.
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Answer the three questions. Write the numbers of river parts in the boxes below.

(LU =/ - AT AR T RES ST -

Which parts of river are autotrophic?
UL BT e B = HY?

In which parts is organic material (such as tree leaves) essential for the consumers?

FEWREEEEE oh - AT (BIADR ) BB T W HAY?

In which parts can predators be found?

AVRLLEE S v AR E &4 ?

(1 point). A student wished to estimate the size of a population of an endangered water
— B st — B/ NAYE Y SEE P E R R
beetle species in a small pond. He captured 30 individuals, marked and then released
e Seffe 2] 30 {E(ERE » MFERNERIHRETE -
them back in the pond. After 24 hours, once again he captured 30 individuals. Of the
24 /NFF1% - AT FERTEEE - thie T 30 {EMER -
newly captured individuals, only 14 were marked. Assume that no individuals were
TEEEHIEE R ER Y - 14 ERERLHET @ B BRI/ ERRAE
born, died, immigrated to or emigrated from the population during the experiment.
JEC ~ BHEBA
What would be the student’s estimation of the endangered water beetle population in
I SRR P SR I (S HERE R 207 (A EAET)

the pond? Estimated population size of endangered water beetle in the pond is:

(4 points). The graph shows the productivity of an aquatic ecosystem measured in terms
HEEFR— 7K EE R R T R EE YA &R

of dissolved oxygen produced and consumed by green plants and photosynthetic algae

BUENUHHHVESRE

where PS = photosynthesis and R = respiration.

Hrp PS (ARLATEM ~ RAEPRIEM
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30

20

10

PS R PS+R

Dissolved Oxygen (mg/L)

-10

-20

Study the graph and answer the following questions, writing your answers in the box.
WKEEZE N 68 - KB ZEIE AT -

01. (1 points). Which bar represents net primary productivity.
F—EERREREER?

02. (3 points). An algal bloom occurs until nutrient levels are exhausted. Then the algae
MRAEREABRNBRE  WHERANES - ARGk -
die off and microbial decomposition begins. How will this affect the graph
B4 YIBHaEOEER » RERETIY PS K REVE -

parameters PS and R?

02.1. (1 point). What will happen during the algal bloom?
SRR BT - NYIRLEIE g as 4 7

1. PS will be increased, R will be decreased.
PS HfII - R

2. PS will be decreased, R will be increased.
PS 3L » RN

3. PSand R will not change.
PS J% R g R

4. PS + R will increase.
PS + R #8711

5. PS + R will decrease.
PS + R Jik/l

6. PS + R will remain unchanged.
PS + R 4Ef R4

02.2. (1 point). What will happen after decomposition has begun?
fBR!! Z7EE!

1. PS will be increased.



2. PS will be decreased.

3. R will be increased.

4. R will be decreased.

5. PS + R will be increase.

6. PS + R will be decrease.

7. PS + R remain unchanged.

02.3. (1 point). How would the graphs (parameters PS, R and PS+R) change if the net
HER! e
community productivity per dissolved oxygen levels was measured?
1. PS will be increased, R will be decreased.
2. PS will be decreased, R will be increased.

3. 3. PS and R will not change.

4. PS + R will increase.

5. PS + R will decrease.

6. PS + R will remain unchanged.
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Biosystematics (4 questions, 16 points).
EVERG A E - 16 47)

B37. (3 points). Below is a list of extant mammalian genera. Assign them to the continents and

TR RREHABNVELER S - RIRZE R EREAESR 01 & 02 1 » LAkl

subcontinents where they live and in the ordo they belong to. Insert the number of the

RHEMFERRRER KRR - DURHATEHY H 2R -

animal into the correct boxes of tables 01 and 02.

GENUS &%

1. Ursus SE&

2. Cebus B

3. | Pan FIBER

4. | Pongo ALEIEIE/EH
5. | Elephas iS5 &
6. | Macropus 238

01. (1,8 points). Continents & subcontinents.

ARRE R R KE

Australia B

North America -2

India E[I[&

Africa FEM

Europe BN

Asia 5|

South America EF3|

02. (1,2 points). Ordor H#4

Marsupialia 5% H

Proboscidea £&£H

Carnivora EAH

Primates &£ H
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B38. (3 points). Match the terms in the left column (1 to 6) with the names of organisms in the
B! R ! e I HAC R (1-6)Z5R B A BHY A=Y (A-F)ECE -
right column ( A to F).

1. Polyembryony.

A. Primroses (Primula).

eI faer

2. Heterostily. B. Helix snail.
fEREAEE JE Rl A

3. Neoteny. C. Armadillo.
AL AR ZELLH

4. Hermaphrodity. D. Rotatoria.
BT =) i

5. Parthenogenesis. E. Banana.
PIEATE BE

6. Parthenocarpy. F. Axolotl (Ambystoma).
T FEPEIRAE

Answer:
1 2 3 4 5 6

B39. (3 points). The cladogram shows the phylogenetic relationships among seven
WERNEE! —EBERCEREEYERRGM G - BE T 5RE
hypothetical species.

Species A B C E F G H

01. (2 points). Which of the following is a paraphyletic group (A) and which is a
THNTERREZ(A) ~ ZFZ(B)HVER?
polyphyletic group (B)?

1.E+F+G.
2.E+F.
3.E+F+G+H.
4.C+E.
5.B+C.
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Answer:

A.

B.

02. (1 point). Which species are most closely related?
T AE YRR ER AT ?

1. Gand H.
2.Gand F.
3.HandF.

4. Evolutionary closeness is equal for all species.

A TSR a R R A ]

B40. In the figure is shown a well known organism.
TER—EERARRIEY)

01. (1,2 points). Give its systematic position by choosing suitable numbers from the list

H M RPEES BB RN Rt -

below.




1 — Animalia; 5%

2 — Arthropoda; BB

3 — Echinodermata;
T EZ ENYIR
4 — Mollusca; #XEGENYIM

5—Fungi; &

1 =

s

6 — Chilopoda; Z&f% 569

7 — Insecta; 5224

8 — melanogaster; 28 &

9 — Plantae; tE477 5%

10 — Apis;

A

11 — Gastropoda; fig & 4
12 — Annelida; E2EfE)
13 — Protozoa; JFAEEh¥)
14 — Viviparus &4 &

15 — Hymenoptera [543 H
16 — domestica; 7 iifEfd

17 — Arachnida; &R 4i

18 — Cnidaria; FEHZENYIF
19 — Diptera; #3515

20 — fabae; (| 5 f&E

Kingdom 5

Phylum:P§

Classis: &8

Order: H

Genus: &

48

21 — Drosophila; SEifE/E

22 — Aphis; 17555

23 — Leptinotarsa; <L 55/%
24 — Coleoptera; #5351 H

25 — maculipennis; BT % fi
26 — Oligochaeta; &4
27 — Lepidoptera; figifll H

28 — Anopheles; JEI &

29 — Locusta; §iE 53/

30 — decemlineata. | /=

02. (1 point). Choose the number corresponding to the type of the insect leg.
AR R &R ThRER M E S

oghkowdPE

Leaping. Bk
Burrowing. &7
Swimming. 7k
Gathering. £
Walking. 2517
Prehensile 3%k,

03. (1 point). List the leg structural elements this insect possesses in sequence (beginning

R H R 2 S E i (R SRR HIBRYR)
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with closer to the body).

A. Femur. EER (BBEN)

B. Tibia. &7

C. Trochanter. ##f

D. Coxa. £:H[i

E. Tartus. #ff&[i

04. (1 point). Give the number corresponding to the type of insect mouthpart.
BHAREESROSRAXNEF

1.Piercing-suctorial. Ik £y

2. Licking. ffcnp Ay

3. Biting. KIS HY

4. Suctorial. TRzrp Y

05. (1 point). Select the organs of other organisms, which are homologous to the wings of
FETYIEYHIZRE S » AEBR RSN EIRSEE?
the insect concerned.
1. Sparrow wing. Jiii g 9%
2. Crawfish gills. &
3. Bat wings. BRiEry

4. Fish dorsal fin. fa g

VAN

6. Potato beetle elytrum. 5 #522 FH S0V 50

~

Frog legs. BERYRR

06. (0,8 point). In table for answer sign the developmental stages of this insect according

{2 TR B FEARHIR T Rt R 22 IR R B R 5

to the letter specifications in the figure.



1. Sporocyst. ZEHE4) &5
2. Egg. 0N
3. Graaf vesicle. JIZERf

4. Larva. 45

50
5. Imago. X5
6. Redia. T[40
7. Pupa. i

8. Hydatid cyst. f1%€4)5

Answer:

A




07. (1 point). What is the value of the species for the human?

tEEH N EEMEE?
1. Animal and human parasite. A B34 5
2. Crop pest. FIHIE
3. Object of genetic investigation. & {EF3E ~ #1}
4. Entomophagous. 75 & HAth &5

5. Vector of sleeping sickness agent. el Y75

o1




