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14-th International Biology Olympiad
Minsk - Belarus,
g™-16™ July, 2003

THEORETICAL TEST

Dear competitors!
You will have 4.5 hours for answering all the task®f parts A and B. Tasks for
part A haveonly one correct answer. You have to mark it by filling imetcircle

opposite the test number on wueswer sheetAnswers written in the question paper

will not be taken into account.

Tasks forpart B may haveseveral (more than onelorrect answers. You must fill

them in theanswer sheet part B The marks for the questions mdirt B depend on

the number and complexity of the questions.. Thekaare shown in the text.

Be attentive while filling in the answer sheet. Malsure the correct circle
corresponding to the appropriate question is filledAny corrections imanswer
sheetshould be avoided!

Note there are some questions which are marked FFKDPDo Not answer these.
Please read all possible answers before attemgimguestion, as many questions

continue over from one page to the next page.



PART A

Cell Biology (14 guestions, 20 points).

Al. (1 point). List the following proteins in the ader of decreasing evolutionary

conservativeness of their primary structure:

1.

2.

Somatotropin.
Catalytic subunit of a DNA — polymerase.
Histone H1.

Prolamines (storage proteins of cereals).
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A2. (1 point). What is the common feature of amincacids encoded by codonXUX, whereX

is any base, U is uracil?

A. Hydrophobicity.

B. Positive charge.

C. Negative charge.

D. Sulfur in the side chain.
E. No common feature.

A3. (1 point). A denatured polypeptide chain contaiing amino acids of different chemical

properties is shown in the figure.

B

=1

Amino acid properties:

A and E: Have negatively charged sideB: With many electropositive atoms.

groups.

C and F: Have hydrophobic side

groups.

D: With many electronegative atoms.
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If renatured, the most stable configuration ofabeve polypeptide in the cytoplasmic environment

will be:

A4. (1 point). Nucleoside phosphates can be interpephorylated enzymatically. Which one of

the following reactions is impossible?

A. ADP + ADP = AMP + ATP.
B. AMP + GTP = ADP + GDP.
C. ATP + GDP = ADP + GTP.
D. ATP + UMP = ADP + UDP.
E. ADP + AMP = ATP + adenosine.

A5. (1 point). Which nucleotides predominate in thegenome of extremely thermophilic

bacteria Thermus aquaticusin comparison toE.coli?

moOw>
—|CDOOJ>

T
T
-A.
-C

-G

A6. (2 points). Define from reaction written below:

HOOC HOOC

COOH COOH



A6.1. (1 point). To which class does the enzyme clgtang the reaction of formation of

succinic acid (Succinate) from fumaric acid (Fumarge) belong?

A. Isomerase.

B. Dehydrogenase.(Oxidoreductases)
C. Hydrolase.

D. Synthase.

E. Transferase.

AB6. 2. (1 point). The coenzyme of this reaction it& derivative of which vitamin?

A. B; -thiamine

B. B,. - riboflavin

C. Bs. - pyridoxalphosphate
D. B;2. - cyancobalamine
E. B.. — folic acid

SKIPPED



A8. (1 point). Lactobacilli lack electron transport chain. However, under spdal
circumstances, up to 50% of ATP is synthesized by embrane-linked H" - ATPase.
What are the circumstances to generate a proton gcaent to drive ATP formation
mechanism.?

1. If the concentration of lactic acid is highetthe cell than it is in the medium.
2. If the concentration of lactic acid is lowerthe cell than it is in the medium.
3. Uniport (unidirectional)of lactic acid.

4. Symport (both in or both out) of lactic acid kvk".

5. Antiport (one in and one out) of lactic acid wi".
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A9. (3 points). The lactose operon d&.coli consists of three genes:
lacZ encode$3-galactosidase,
lacY encodes galactosidepermease which carries out lasé transport to the cell,
lacA encodes galactoside-transacetylase.
Lac operon is under the control of Lacl (repressor)which is inactive in the presence of
lactose (inductor). There is a wide diversity of th chemical lactose analogs, for example:

Orthonitrophenyl- B-D-galactoside (ONPG) -is a substrate forp-galactosidase but not an

inductor. The product of this reaction orthonitrophenol is toxic for a cell.

Isopropyl-B-D-thiogalactoside (IPTG)- is an inductor but not a substrate for3-galactosidase.

Phenyl{f3-D-galactoside (PG) is a substrate forf3-galactosidaseéut not an inducer. The

products of its hydrolysis are nontoxic for a cell.

A9.1. (1 point). Which cells will grow in the mediun with PG as the only source of

carbon and energy?



A.lacl ".
B.lacZ .
C.lacy .
D.lacZ lacy .
E.lacl ~ lacZ".

A9.2. (1 point). Will these cells grow in the medm with ONPG?

A. Yes.
B. No.

A9.3. (1 point). Galactose is a toxic compound frfthe cells which have galE mutation.
Which cells with this mutation will grow in the IPT G+PG medium (with arabinose
as an additional source of carbon and energy avaibde)?

A. lacl .
B.lacZ .

C.lacA".
D.lacl ~ lacA".

A10. ( 2 points). A protein synthesis assay was c¢ad out in vitro. A polyribonucleotide
containing U and C in proportion 1:5 (positions ofU and C are random) was used as a
template. Which amino acids and in what proportionswill be incorporated into the

synthesized polypeptide molecules?

A. 1Phe : 5Pro : 3Leu.
B.1Leu : 1Pro: 1Ser: 1Phe.
C.1Phe : 5Ser : 5Pro : 5Leu.
D. 1Phe : 25Pro : 5Ser : 5Leu.

E. 5Leu : 5Pro.

For questionsll and 12 use the table of genetic code at the i@igig of the question paper.
All. (3 points). The strand of DNA molecule isolatefrom E. coli bacteria has sequence:'5-
GTAGCCTACCCATAGG — 3. Assume that an mRNA is transcribed from the
corresponding double-stranded DNA, the template sand being complementary

to the strand isolated.



All.1. (1 point). What is the sequence of this mMRNA

A. 3 - CAUCGGAUGGGUAUCC - 5.
B. 5 — GUAGCCUACCCAUAGG - 3.
C.5 - GARAUACCCAUCCGAUG - 3.
D.5 - CACAGAUACCCAGAUG - 3.

Al11.2. (1 point). Which peptide will be synthesized its translation begins precisely at

5'— end of this mMRNA? (Assume that start codon is naequired).

A.-Gly - Tyr - Pro - Ala — Asp.
B. - His - Arg - Met - Gly — lle.
C.-Val - Ala - Tyr — Pro.

D. - His - Arg - Tyr - Pro — Ala.

A11.3. (1 point). When tRNA" separates from ribosome, which tRNA will bind next?

A. tRNA™".
B. tRNA™,
C. tRNA".
D. tRNAMY,
E. tRNA™S,

Al2. (1 point). The transcriptional activity of which kind of RNA polymerase in
eukaryotes can be seen by using a light microscopeithout any methods of

colouration)?

RNA-polymerase I.
RNA-polymerase Il.
RNA-polymerase lII.
Primase.

Impossible to determine.
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A13. (1 point). Phalloidin, a very toxic compound lated from the mushroomAmanita
phalloides has a very high affinity for actin polymers. Phabidin can be marked by
covalently linking it to a fluorescent molecule, ke fluorescein, without affecting its
affinity properties.

If a microscopic slide with methanol-fixed spernsiained with a reagent containing

fluorescein-marked phalloidin (excess reagent beiaghed away), which part of the



spermatozoids will be glowing under a fluorescemieroscope?
A. Acrosome.
B. Flagellum.
C. Head.
D. Mitochondria.
E. Whole spermatozoid.

Al4. (2 points). On the basis of the following experimeal facts, decide which of the four
models (A, B,C or D) of Bax and Bcl-2 proteins’ action in regulaion of programmed
cell death (apoptosis) is correct.

Experimental facts:
= Mice with inactivated bcl-2 gene had a high ratadptosis in various tissues, which
could be corrected by the absence of Bax protein.
= Bax gene in a single genome copy was able to paymbptosis in the absence of

Bcl-2 protein.

= However, bcl-2 gene suppressed apoptosis in thenabsof Bax protein.

@ Apoptosis Apoptosis @ Apoptosis @ Apoptosis

Bax _|T Bel 2 _|T T T Bel2—]

Bcl-2 Bax Bax Bcl-2 Bax

T - activation ‘ - inhihition

A. Bax protein inhibits the action of Bcl-2 proteimhich blocks apoptosis
(look at A in the figure).

B. Bcl-2 protein is an inhibitor of Bax protein, igh promotes apoptosis
(look at B in the figure).

C. Bcl-2 and Bax proteins act independently, rasglin either survival or death,
(look at C in the figure).

D. Bcl-2 protein blocks inhibitory action of Baxqtein on apoptosis

(look at D in the figure).



Plant anatomy and physiology(10 questions, 12 points).

A15. (1 point). If the vascular system of a plantandril is represented by the only one
closed collateral (xylem & phloem are touching) badle, the tendril is formed by the

metamorphosis of which organ?

A. Shoot.

B. Leaf.

C. Stem.

D. Root.

E. Impossible to determine.

Al6. (1 point). A transverse microscopic section @& spruce needle leaf is shown in the

diagram below. Which roman numerals indicates theipper surface of the leaf?

s
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A. land Il
B. lland IV.
C. land Il
D. lll and IV.
E. Il and lIl.

A17. (1 point). The endosperm in conifers developsoim:
A. The central nucleus resulting from double ferdtion.
B. The ovule after fertilization.
C. The megaspore before fertilization.
D. The megaspore after fertilization.

E. The megasporangium cells before fertilization.



SKIPPED

A19. (1 point). Which is the correct rank order of he pH value in cytosol (1), chloroplast

stroma (2) the inside of thylakoids (3) in plant cés exposed to light:
A. 1>2>3.
B. 1>3>2.
C. 2>1>3.

D. 2>3>1.
E. 3>1>2.

A20. (1 point). Spirogyrafilaments were placed in a medium, in which stric{obligate)
aerobic bacteria were incubated without access taxggen for some time. Then part of

the spirogyra filament was illuminated with a narrow beam, which passed through a

prism to obtain a spectrum (see figure below).

400 500 600 700 gowavelength\, nm

In which parts of the filament will the greatest cacentration of bacteria be observed?

10
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A21. (2 points). Plants of wild type corn whose Raisco function was normal were

compared with a mutant corn variety whose Rubiscosi not able to catalyze an oxygenation

reaction. Which of the following statements regardig the photosynthetic capacity

of this mutant corn and the wild type is correct anl why would it be correct?

Assume the same temperature conditions.

Photosynthetic capacity of the Reason
mutant
A. It would show much lower capacity | Rubisco in the bundle sheath cell loses its

compared to the wild type.

oxygen fixation capacity.

B. | It would show much lower capacity
compared to the wild type.

Rubisco in the bundle sheath cell loses its
carbon dioxide fixation capacity.

C. | It would show much higher capacity
compared to the wild type.

Since mesophyll cells photorespire,
photosynthetic capacity of the mutant would
not be affected by this mutation.

D. | It would show the same capacity as

Since mesophyll cells photorespire,

the wild type. photosynthetic capacity of the mutant would
not be affected by this mutation.
E. It would show the same capacity as | Since CQ concentration in the bundle sheath
the wild type. cells is high enough, both wild type and muta

corn do not photorespire.

Nt
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A22. (2 points). Photosynthesis in plants is depdeant on temperature (T) and light intensity

(L). The following graphs show the results of measaments of CG, consumption for
three plants of the same species under differenglnt intensities. Which combination of
statements concerning limiting factors in the tempe@ture ranges (1) -5 °C to 0°C and
(1) +20 °C to + 30°C is correct under the light irtensity used?

light intensity

4 4-fold
CO,-consumption

2-fold

1-fold

-5 0 5 10 15 20 25 30
temperature (C)

Temperature range from
—5to 0°C
0

Temperature range from
+20 to +30°C
(1)

T and
L limiting factor.

TandL
not limiting factor.

T limiting, T not limiting,
L not limiting. L limiting.
T limiting, T limiting,
L not limiting. L not limiting.
T not limiting, T limiting,
L limiting. L not limiting.

None of the above combinations is correct
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A23. (1 point). The result of an experiment whicluses guard cell protoplasts of

Vicia fabais given below. Protoplasts were incubated in a spension medium with
isotonic osmotic pressure. After 30 min under satwating red light they were irradiated
with blue light for 30 sec. During the experimentm which the protoplasts were cultured

the pH of the medium was monitored.

Bazic
Blue Light

pH l

af the
rmedium

] | ] i L ]

G @ 10 20 30 40 S0 60
Time(min)

What would be the most plausible conclusion baseddhe above results?

A. Blue light may help guard cells to take up pratdrom outside into the cell.
B. Blue light may enhance the ability of guard ¢l pump protons out of the cell.

C. Blue light may be a very effective wavelengthigiit for the respiration of the
guard cells.

D. Blue light may activate all of the protoplasisgive away their energy.
E. Not only blue light but also other wavelengthfi$ight may help guard

cells to transfer protons.
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A24. (1 point). If an oat coleoptile deprived of & epidermis is placed in a physiological

solution with pH = 5.0, relatively fast lengtheningof the coleoptile occurs. The action of which

hormone does this experiment imitate?

A. Auxin.

B. Gibberellic Acid
C. Cytokinins.

D. Ethylene.

E. Abscisic Acid
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Animal Anatomy & Physiology (10 questions, 12 points).

A25. (1 point). In which animals is the volume of the lags relatively constant during all

the stages of ventilation (breathing)?

A. In insects.

B. In birds.

C. In mammals.
D. In reptiles.

A26. (1 point). During the blood flow from the venticle to atrium in fishes, how does the

pressure change?

A - Atrium.
V - Ventricle.
P - Pressure.
A p B
V A \/ A
V A V A
E.
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A27. (1 point). A branched axon is stimulated at th site ‘1’ (see figure below). The excitation
is transferred from site ‘1’ to ‘2’ and then to ‘3’ and ‘4’. The excitation is measured at

these sites. Which statement of impulse frequenciéiy measured at these sites is correct?

13
11 12

14

A. 1(1) > 1(2) > I(3), I(3) = 1(4), I(3) + 1(4) =(2).

B. I(1) > 1(2) > 1(3), I(3) = 1(4), 1(3) x 1(4) 3(2).

C.1(2) <1(2) < 1(3), I(3) = I(4).

D. 1(1) = 1(2) > I(3), I(3) = 1(4), I(3) + I(4) =(R).

E. I(1) =1(2) = 1(3) = I(4).

A28. (1 point). Drosophilaflies homozygous for theshakemutation are extremely sensitive to

diethyl ether that causes convulsions in homozygoursdividuals. Convulsions are caused
by abnormalities in nerve impulse conduction. (segraph below). The function of which

structures is impaired in theshakemutations?

mV

wild type

A. N& -channels.
B. K" -channels.

C. Cd&"-channels.
D. K'/Na" -ATPase.

E.H"-pump.
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A29. (1 point). Daily changes in the concentrationf which hormone are represented by

the following graph?

mkE/mi
40 1

Arrows indicate the time
of food consumption.

30 femmdmmmchemeee et e
204

10 %

0 T T T T T T 1
15 18 21 24
time, h
A. Thyroxine
B. Glucagon.

. Insulin.

o O

. Cortisol.

E. Parathormone.

A30. (1 point). Thyroiditis is an autoimmune diseas, which is caused by the hyperactivity of
the thyroid gland. In this disease the TSH (thyroidstimulation hormone) concentration
in the blood is below normal. Antibody binding to lormone receptor sites may activate
or block the receptor.

The cause of this disease is the binding of autoimme antibodies to:

A. Thyroxin receptors.
B. Thyroxin.

C. TSH receptors.
D.TSH.

E. Thyreoliberin receptors.
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A31. (3 points). There are two recessive mutatiorab and db” in mice. These mutations cause
the same phenotype: obesity, adipose tissue hypephy and predisposition to obesity
related diseases (hypertension, physiologicdiabetes insipidusnd so on). The
mutations are not linked. Three experiments of parhiosis (surgically joining blood
circulation systems of two mice with different gentypes) were carried out to define the
roles of the products of these genes in weight relgion. Two weeks after the parabiosis,

the weight of each mouse was determined (see table)

ob/ob- + wt do/do-  + wf ob/ob™ + db/db
Weight | Loss of Without Without Loss of | Loss of Without
weight changes changes weight | weight changes

A31.1 (1 point). What is the consequence of theb gene:

A. Peptide hormone favouring obesity.

B. Peptide hormone favouring loss of weight.
C. Hormone receptor favouring obesity.

D. Hormone receptor favouring loss of weight.

E. Nonpeptide hormone favouring obesity.

A31.2.(1 point). What is the consequence of thab gene:
A Peptide hormone favouring obesity.
B. Peptide hormone favouring loss of weight.
C. Hormone receptor favouring obesity.
D. Hormone receptor favouring loss of weight.

E. Nonpeptyde hormone favouring obesity.
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A31.3.(1 point). What segregation by phenotype will beeen in F, after interbreeding of
individuals with the genotypesob / ob and db / db™

A.9:3:3:1.
B.9:7.
C. 15:1.
D. 1:2:1.
E. 3:1.

A32. (1 point). If four gold rods are implanted in a tibia-bone of a newborn rat (as

shown in the figure), the distances between whiclf these rods will be_maximallyaltered

with growth?

A | 4
P%/&;f

3

——

-

A.1and 2.
B. 2 and 3.
C.3and 4.
D.3and 1.

SKIPPED



A34. (1 point). The major difference between humorammunity and cellular immunity
is that:

A. Humoral immunity is non-specific, whereas caluimmunity is specific for a
particular antigen.

B. Only humoral immunity is a function of lymphoegt

C. Humoral immunity cannot function independenitlys always activated by
cellular immunity.

D. Humoral immunity acts against free-floating getis, whereas cellular
immunity works predominantly against pathogens tizate entered body cells.

E. Only humoral immunity displays immunological mam

20
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Ethology (2 guestions, 2 points).

A35. (1 point). Which of the following cases resulh optimal conditioning (Pavlovian)?
A. Unconditional stimulus is delivered before cormudfil stimulus and unconditional
stimulus is stronger than conditional stimulus.

B. Unconditional stimulus delivered before condiibstimulus and unconditional
stimulus is weaker than conditional stimulus.

C. Conditional stimulus starts delivered uncondisbrstimulus and conditional
stimulus is stronger than unconditional stimulus.

D. Conditional stimulus starts delivered unconaiéib stimulus and conditional
stimulus weaker than unconditional stimulus.

A36. (1 point). The cuckoo Cuculus canorug and its hosts is a well studied system of
co-evolution as a long never ending process. A cumk lays its eggs in the nest of small
passerines RPasseriformeys The cuckoo and its hosts have adopted differebehaviours
that result from the co-evolution between them.

Which combination of the following statements (1 6) are true?

1. The hosts lay their eggs in the afternoon.
2. The cuckoo eats ant eggs.
3. The host is aggressive towards a cuckoo.
4. The cuckoo eggs do not mimic the host’s eggs.
5. The cuckoo is aggressive towards a host.
6. The cuckoo tries to avoid being seen in the hest.
A. 3 and 6.
B. 4 and 6.
C. 2 and 3.

D. 1 and 5.
E. 4 and 2.
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Genetics (10 questions, 12 points).

A37. (1 point). In birds, for instance chickens, seis determined by a combination of sex
chromosomes Z and W. At an early age it is difficalto determine their sex. However, it
is commercially very important to distinguish malesand females at this age. Using a
genetic marker, it is possible to conduct such cress so that sex will be determined by
phenotypic expression of the marker gene. On whicthromosome must the marker gene

() be located and which crossing allows discrimin@on of the males from females (11)?

Marker gene localization (I) Crossing (Il)

A. | On Z chromosome. Female with recessive phematyprossed with a male
homozygous for dominant allele.

B. | On W chromosome. Female with recessive phenotype is crossed witiala m
homozygous for dominant allele.

C. | On Z chromosome. Female with dominant phenotype is crossed with & ma
homozygous for recessive allele.

D. | On an autosome. Female with recessive phenotype is crossed witiala m
heterozygote.

E. | OnY chromosome. Female with dominant phenotype is crossed with & ma
heterozygote.

A38. (1 point). &cdegenes are closely linked on thE. coli chromosome.Short deletions
within this region lead to the loss of some gendsor example:
deletionl — bdegenes
deletion2 —acgenes
deletion3 — abdgenes

What is the gene order on the genetic map oEtheolichromosome?
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A39. (2 points). According to the model proposed fdloral organization, each whorl is
determined by a unique combination of three genesamely, A, B and C.
It has been shown that genes A and C mutually repss each other. The expression pattern

of these genes in wild type flowers is shown below.

S P St C s 't i
. sepal formation
<‘:.. P: petal formation

m . St: stamen formation
C: carpel formation
o | 1l
1 2 3 4

whorls of flower

gene activity

A39.1. (1 point). The morphology of flower that laks the functional gene A will be:

A St C )
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A39.2.(1 point). The whorls of a flower that lacks the functional gae C will be:

A. [ C P St P)

SKIPPED
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A41. (1 point). In humans PKU (phenylketonuria) is alisease caused by an enzyme
dysfunction at step A in the following simplified reaction sequence, and AKU
(alkaptonuria) is due to an enzyme inefficiency irone of the steps summarized as step B

here:

. A . B
Phenylalanine___,  tyrosine__,, > p CO2+H0
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A person with PKU marries a person with AKU. What are the expected phenotypes for

their children? Note: both diseases (PKU and AKUare not sex linked. Both parents are not

heterozygous.

A. All children will be ill.
B. All children will be normal
C. Half of their children will have PKU, but thehatr half will be normal.

D. Half of their children will have AKU, but the loér half will be normal.

A42. (1 point). The figure shows the results of et&rophoresis of PCR-amplified DNA
fragments obtained from members of a single familymother (1), father (2) and 9
children. Father and 6 children (3, 5, 7, 8, 10, 3in this family have symptoms of
Huntington’s disease (HD). Father first showed symims of the disease after he was
40 years old; the onset age of the disease in chéd is shown in the figure near

corresponding DNA fragments. What is the probabiliy of 4th, 6th and 9th child in

this family falling ill with the disease?

L T T T 1T T 1T 1
‘ N NON N NON I
1 2 3 4 5 6 7 8 9 mmn
5 100
1 - (CAG),
— 26 14
- — 30

A. Child 4 and child 9 are healthy and will nevevelep Huntington’s disease,
whereas child 6 has high probability of developimg disease.
B. Short PCR fragments correspond to appearanc®dttn early age.

C. Child 4, child 6 and child 9 all have chancedewelop HD at an older age.
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D. There is no correlation between the age of ohdvith disease symptoms and the
rate of migration of PCR-amplified fragments.
E. Huntington disease is an infectious disease fim&enost children of the family

must be ill.

A43. (1 point). The long corolla of tobacco is inhé&ed as a recessive monogenic characteristic.
If in a natural population 49% of plants have a lorg corolla, what is the probability that
the result of test crossing plants with a short calla from this population in F; will have
uniformity of progeny?

A. 82,4 %.
B. 51 %.
C. 30 %.
D. 17,7 %.
E. 42 %.

A44. (1 point). In a genetically balanced populatiomvolving alleles T and t. 51 % of the
individuals show the dominant phenotype. Suddenlyhie living conditions change
causing death of all recessive individuals befordaéy reach maturity. After this,
conditions return to normality. What will be the frequency of allele t after one
generation?

A. 0,41.

B. 0,3.

C. Impossible to determine.
D. 0,7.

E. 0,58.

A45. (1 point). On land the process of evolution paeeds faster than in the sea, because:

A. Life started in the sea.
B. Selection pressure is higher in the sea sowuagyis more difficult.
C. More fossils are found in depositions of the sea

D. Living conditions in the sea are more stable.



SKIPPEL
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Ecology (8 questions, 10 points).

A47. (3 points). The shell of the land snail showariation in both colour and banding
pattern. In order to construct a 5-figure bandingformula, bands are numbered
from the top of the largest whorl, as shown in theliagram. ‘0O’ is used to represent

the absence of a band and square brackets indicatee fusion of two bands.

g & W N =

(banding formula =123 45)

=

pink

brown brown

A47.1.(1 point). Using the appropriate letter, indicatethe banding formula of shell S.

A. 030[45].
B. 03045.
C. 02045.
D. 003[45].
A47.2.(1 point). Thrushes (which have good colour visigrsmash the shells of land
shails against stones (anvils) in order to feed dhe soft inner body. If snail types

P, Q, R and S began in equal numbers in a habitaf grassland, which would be
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the most popular among birds?
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A47.3.(1 point). A survey of broken shells collected frm thrush anvils amongst dead
beech leaves in a woodland area was carried out. &ict which of the following

sets of results was obtained.

Options Broken shells of each type (%)
P Q R S
A. 13 33 1 5
B. 11 1 34 6
C. 5 1 14 32
D. 6 21 20 5

A48. (1 point). Which combination of the following statements, refeing to the process of

ecological succession, is correct?

1.  Nutrient availability generally increases.

2.  Species diversity decreases as the processgpifice

3. A new group of plant species achieves dominanee time and ousts the previous
species.

4.  The height and biomass of the vegetation usuathgases as the process proceeds.

5.  Each group of species modifies the habitat ngaitimore favourable for other species.

moow>
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A49. (1 point). Which matching of factors influencng the growth of a population is correct?

Factors depending on the Factors independent of the population’s
population’s density. density.

A. |Development of territories, Wind, parasites, light.

cannibalism.
B. | Migration, amount of food. Temperature, crowding factor.
C. | Development of territories, Humidity, wind, light.

temperature.
D. |Overcrowding factor, light. Wind, quality of the soil.
E. | Parasites, predators. Quality of the soil, humidity.

A50. (1 point). A typical feature of the climax stge of an ecological succession is:

A. The ecosystem is very stable
B. The increase of biomass is at its maximum.
C. The number of plant and animal species consinoiéncrease.
D. The net production of the ecosystem has reméhali regular differences from
year to year.
A51. (1 point). In ecological pyramids, normally eah higher trophic level is smaller. Possible
exceptions leading to inverted pyramids are:
l. A pyramid of numbers with one big producer.
II. A pyramid of mass when producers have a veoytdife cycle.

lll. A pyramid of energy in extremly hot ecosystems

Which combination is correct?
A. Only land II.

B. Only Il and III.
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C. Only I and lI.

D. |, Il and Il

E. None of these.

A52. (1 point).You and your family are stranded on a remote islandvith one cow and a large
stock of wheat for cow food. To obtain the highestmount of energy and survive for the
longest period of time, you should:

A. Feed the wheat to the cow, then drink the milk.
B. Eat the cow, then eat the wheat.
C. Feed the wheat to the cow, drink the milk, teahthe cow.

D. Drink the milk, eat the cow when milk productioeases, then eat the wheat.

A53. (1 point). If an area has a total energy, Kin the sunlight available, the net energy

productivity of the fourth trophic level in the area is roughly:

A. 102 xK
B.10° xK
C.107 xK
D. 10" xK
E.10° xK
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A54. (1 point). Assume first that the graph belowlsows the changes in two populations of

herbivores in a grassy field. A possible reason fadhese changes is that:

No. of
organisms B

\%

Time

A. All of the plant population in this habitat deesed.

B. Population B competed more successfully for fiah did population A.
C. Population A produced more offspring than popoieB did.

D. Population A consumed the members of populdion

E. Over time, both populations will have the sawerage number.
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Biosystematicg(6 questions, 6 points).

A55. (1 point). To assign ascidia to subphylurdrochordatait is necessary to
know the features of the larval stage of ascidia. Yich is the correct combination of

statements I-1V ?

l. They possess a notochord in the larval stage.
[I.  They are highly specialised.
lll.  They possess a hollow dorsal neural tube, Winicmetamorphosis is reduced.

IV. They possess a propulsive tail, pharynx anadnal slits

Al

B. Il

C.land Il

D. |, lll and IV.
E. land Ill.

A56. (1 point). Which are the characteristics oCnidaria ?

A. Oceanic/marine or freshwater, mainly predators.

B. Only oceanic/marine, mainly predators.

C. Oceanic/marine or freshwater, filter feeding.
D. Only oceanic/marine, always filter feeding.
E. Only freshwater, predators or parasites.

A57. (1 point).Which of the following statements can be used asidence to prove the close
evolutionary relationship between PhylumAnnelida and Phylum Mollusca?
A. Both of them have bodies with bilateral symmetry
B. Their digestive systems have similar parts.
C. Their bodies consist of similar tegmata (segsjent
D. Both of them have a closed circulatory system.

E. Many molluscs and marine annelids have a trdotigplarva in their life cycle.



A58. (1 point). Zoologists place chordates and ectoderms on one major branch of the
animal phylogenetic tree, and molluscs, annelidsnd arthropods on another major
branch. Which of the following is a basis for thisseparation?

A. Whether or not the animals have skeletons.
B. What type of symmetry they exhibit.
C. Whether or not the animals have a body cavity.

D. How the body cavity is formed.

E. Whether or not the animals are segmented.




AG60. (1 point). There are five species (K, L, M, NQ) in a single family. They belong to the
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same genus. The table lists data concerning the mence or absence of six features in these

species:

Species Features

1 3| 4] 5
K. + + +| +
L. — - -] +
M. + i
N. — - - -
0. + +| o+ —

Based on the assumption that the most probablenseltd phylogenetic development

is that which required the least number of evolnéiny changes, indicate the species

that is the most probable ancestor of species O.

A. K
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PART B

Cell biology (10 guestions, 51 points).

B1. (6 points).lt is known that ribosomes of cytoplasm, ribosomesf endoplasmic reticulum
(ER) and mitochondrial ribosomes take part in proten biosynthesis. Write the numbers

of the proteins in the list below in the correct b&, according to the site of their synthesis.

1. Elastin 5. Glycogen synthase 9. Prothrombin

2. Collagen 6. Receptors for glucagon 10. Keratin

3. Somatotropin 7. Casein 11. Lactate dehydrogenase
4. Actin 8. Phosphofructokinase 12. Tubulin

Answers:

ER-bounded ribosomes

Cytoplasmic ribosomes

Mitochondrial ribosomes

B2. (9 points). The Human condition albinism is inherited in the autosonal recessive manner
(see figure). The cause of this condition amutation from wild type allele A to recessive
allele a, which introduces a stop codon into the middle ahe gene, resulting in a shortened
polypeptide. The mutation also introduces a new tayet site for a restriction enzyme, which

makes it possible to detect mutated genes by resttion mapping.
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¥ - cutting site for restriction enzyme

i - stop codon
Task:
Depict the expected results of Southern-, Northéhkfestern-blot hybridization analyses of all
genotypesda, Aa, AA). Results of Southern-blot hybridization shoulddepicted according to the
length of the largest restriction fragment (11 &byl length markers shown to the left of each
Southern-blot hybridization lane. Markers have acdly with the length of DNA fragments.

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

into account the respective positions of diffenestriction fragments for different genotypes.
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B3. (3 points). Three human-mouse hybrid cell linesave been created (X, Y and Z). The

table below summarizes their characteristics. Eachell line has several human chromosomes

carrying genes coding for particular enzymes.

Human chromosome or enzyme Line X LineY Line Z
Chromosome 3 - + —
Chromosome 7 - + +
Chromosome 9 - - +
Chromosome 11 + + -
Chromosome 15 + - _
Chromosome 18 + + +
Chromosome 20 + - +
Glutathione reductase + + _
Malate dehydrogenase + - -
Galactokinase - + +

Identify by giving the number, the human chromosdaha carries the gene of each enzyme.

Answers:

Gene of Enzyme A. Chromosome
number

Glutathione reductase

Malate dehydrogenase

Galactokinase

B4. (3 points). Two independent mutations event @ DNA segment lead to the following
results. Mark the type(s) of mutations observed.

(See Genetic Codes in the front of Part A)
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A. Point mutation. E. Neutral mutation.
B. Transition. F. Missense mutation.
C. Silent mutation. G. Nonsense mutation.

D. Transversion.

Answer

B5. (3 points). Mark the correct statements by ‘+and the incorrect ones by ‘—' in the

appropriate box.

A. In any region of the DNA double helix only one ahaf DNA that is usually used as

a template for transcription.

B. In bacteria the transcription of all classes of RisA&arried out by RNA polymerase

of a single type, whereas in eukaryotic cells thypes of RNA polymerase are

used.

C. Formation of the peptide bond is carried out byyare peptidyl transferase, which

binds to large subunit of ribosome after the itidia of translation.

D. Since the start codon for protein synthesis is A@thionine is only found in N

termini of polypeptide chains.

E. Many antibiotics used in medicine today selectivehjbit protein synthesis only in

prokaryotes because of structural and functiorféérdinces between ribosomes of ——

prokaryotes and eukaryotes.

F. Modified nucleotides, which are in the composit@iRNA molecule, form as a

result of covalent modification of standard nudiées after their incorporation into

RNA-transcripts.
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B6. (5 points). Oligoribonucleotide X was treated viih phosphatase (for removal of 3and 5 -
terminal phosphates), then with RNAase T1, which leaves all phosphodiester bonds

located in a 3 position of guanosine in a Bspecific manner.

] ﬁ ﬁ
O\ O \ (o) \/O \

P
78 //P p P

o) 0 (@] 6] O// (o) O//\
RNAaseT1
As a result, oligonucleotides L, M and N were genated in equal amounts. Each of them
wasfurther treated with phosphatase and subjected to laaline hydrolysis. Results are

listed in the table below.

Oligoribonucleotide Content, mole/mole of oligomhleotide
L UMP (1), AMP (1), CMP (1), Guanosine (1)
M AMP (1), Cytidine (1)
N CMP (2) , Guanosine (1)

Then experiment was modified: oligoribonucleotidafter treatment with phosphatase was
hydrolyzed with RNAaseP, which cleaves all phospéstdr bonds in & $osition of

pyrimidines in a 5- specific manner.

N
)
\ ’ \ ° N \OH

P _ O\ o
VAN /P P
740N N\ P
o 0 0" © o7 Yo o// o

This hydrolysis yielded five products in approxiglgtequimolar concentrations: uridine

monophosphate, cytidine monophosphate and oligentides P, Q and R. After resolution
of
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the mixture and alkaline hydrolysis of these oligceotides data listed in the table below

were obtained.

Oligoribonucleotide Content, mole/mole of oligomhuzleotide
P CMP (1), GMP (1)
Q GMP (1), AMP (1), Cytidine (1)

AMP (1), CMP (1)

Using the results given above, deduce the nuclesgdjuence of oligoribonucleotide X.

Answer:

B7. (5 points). The amino acid cysteine (Cys) halsree ionizable groups:
- ad-amino group
- a-carboxyl group
- a side chain that can be negatively charged.
The pK values are 8.18, 1.71 and 10.28, respectiveln the answer table, enter the ionic
charge of cysteine at pH 1, 5, 9 and 12.
Using an appropriate letter for each direction, shav migration of cysteine in an electric field
at different pH values.
A. To cathode (-)
B. To anode (+)

C. Does not migrate

Also in the table, circle the pH value nearest tohe pl (isoelectric point) of this amino

acid.
Answer:

pH lonic charge Migrates toward

=

|01
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B8. (8 points). Listed in the two tables below areitamins (A-K) and functions (1-12).

Designatio | Vitamin

n
A. B (thiamine)
B. B, (riboflavin)
C. Bs (pyridoxine)
D. Folic acid
E. A (retinol)
F. D (calciferol)
G. E (tocoferol)
H. K (menaquinone)

l. C (ascorbic acid)

J. B, (cobalamin)

K. PP (nicotinic acid / niacin)

Numbe | Functions of vitamins or consequences of deficiency
r

1. Antioxidant

2. Regulation of calcium and phosphate metabolism

3. Group transfer to or from amino acids

4. Precursor of light absorbing group in visualnpents

5. Blood coagulation

6. Scurvy

7. Beri beri

8. Pellagra
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9. Anaemia

10. | - leave this part blank--------
11. Co-Enzymes of dehydrogenases
12. Rickets

Match each of the vitamins with its appropriate bidogical functions and/or lack of deficiency

of this vitamin or its derivatives. There may be mee than one answer per question.

Answers:
Vitamin | Function Vitamin Function
A. G.
B. H.
C. l.
D. J.
E. K.
F.

B9. (4 points). The table below shows haploid or p@al diploid lac operon ofE.coli, where:
- Genelacl codes for repressor.
- P and O are promoter and operator, respectively.
- LacZ and lacY represent genes encoding fg#-galactosidase angk-galactoside permease,
respectively.
- O° is a constitutive mutation in the operator.
- 1° represents a mutation in thdacl gene, which causes mutant repressor protein not to
be separated from the operator once it binds to it.
Assume that there is no glucose in the bacterial ture medium. In the following table

write ‘O’ if p- galactosidase is synthesized, and ‘X’ if it is o

Strain Genotype Lactose absent Lactose present
1 I"O°Z" Y~
2 "o°z7/1"O0" Z
3 I"P"O°Z Y/I"P O Z Y™
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4

ISP"O"Z' Y /I"PTO°Z7Y
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B10. (5 points). Match the number of the organisnmi the left column with the corresponding

letter for the disease in the right column.

Organism Disease

1. Bacillus anthracis A. African sleeping sickness
2.Borrelia burgdorferi B. Anthrax

3. Escherichia coli C. Cholera

4. Filarial nematodes D. Elephantiasis
5. Plasmodium vivax E. Lyme disease
6. Streptococcus pyogenes F. Malaria

7. Tryponema pallidum G. Plague

8. Trypanosoma gambiense H. Tuberculosis
9. Vibrio cholerae l. Strep throat
10.Yersinia pestis J. Syphilis

K. Urinary tract infection

Answers:

1 2 3 4 5 6 7 8 9 10
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Plant anatomy and physiology (6 questions, 29 poisit

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

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

1. Aquatic (Hydrophytic) habitat.

2. G -photosynthetic pathway.

3. ‘“Kranz” anatomy

4. Mesophyll with isolateral organization.

5. Terrestrial Dry habitat (Xerophytic) and plaofgropics and subtopics.

6. G photosynthetic pathway.

7. Pinnate venation.

8. Asteracea€lompositagFamily.

9. Poaceae3ramineae)amily.

10. Parallel venation.




B12. (5 points). Label the plant structures in theollowing diagram, by inserting the number

in the appropriate circle on the answer sheet.

1. Phloem.

N

. Xylem,

3. Endodermis.

4. Fascicular cambium.
5. Epidermis.

6. Parenchyma.

7. Cortex parenchyma.
8. Sclerenchyma.

9. Interfascicular

cambium.

10. Collenchyma.

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

rose-bay willow plant, by measuring water uptake.

Willow herb shoot

Capillary tube

Water-filled
tube

! | !
Water-filled

syringe

Hypodermic needle

Beaker of water
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Indicate which of the following statements are trug+) and which are false (-).

A. The potometer is usually assembled under water

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

C. The shoot must be sealed over the cut point with galine immediately
after it is cut from the plant.

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

E. Enclosing the shoot in a black plastic bag will redce the transpiration

F. The rate of transpiration will be high in still, humid air.

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

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

l. Low cohesive properties between the water moleculeseate problems for
potometer experiments.

J. Results from potometer experiments can never be quétative.

B14. (2,5 points). For a short-day plant, indicatevhich treatments, as listed below,

would inhibit flowering . All the treatments were conducted at night. Markcorrect

statements with “+”, incorrect statements with “=.

A. Exposure to red light and far-red light, conse@ly.

B. Exposure to red light, far-red light, and red light, consecutively.

C. Exposure to red light, far-red light, and white ight, consecutively.




D. Exposure to white light and far-red light, cotisgvely.

E. Exposure to red light, far-red light, white lighed light, and white light,

consecutively.
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B15. (6,5 points). Diffusion and osmosis are impaht for the passive transport of molecules

in the cell.

01.(2,0 points). The figure shows an experiment with dialysis (visking)

membrane filled with sugar and starch (colorless)spended in a beaker with

diluted iodine solution (orange — brown). Use ‘+’® indicate which colour you

would expect in the beaker and in the tube after seral hours of dialysis.

Solution in the
beaker.

Solution in the
dialysis tube.

Colorless

Orange-brown

Pink-red

Greenish
yellow

iodine
solution

sugar

starch

Blue-black

02. (2.5 points). In a similar experiment, dialysismbranes are filled with solutions

with different concentrations of molecules and iefbeakers with solutions with

different molecule concentrations. The dialysiseibll have the same mass at the

beginning of the experiment. The size of the mdkeis bigger than the pore size of

the membrane. Mark with “+” the experimental sgsiin which the beaker

contains a hypotonic solution compared to the dialiube, and mark with “-" the

ones which do not.




Experiment A B C D E
Concentration in 0.1 0.8 0.4 0.2 0.4
the dialysis tube

(M).

Concentration in 0.8 0.1 0.2 0.4 0.4

the beaker (M).

Hypotonic
solution.

03. (2 points). The tubes are weighed after sevenathof dialysis. Their mass is
compared to that before the dialysis. Write theefstof the experiments in the
order of the final mass of the dialysis tube, bemig with the tube having the

lowest mass.

Order of the tubes with regard to their mass:

Answers

51
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B16. (5 points). Which position of sporangia is reftderistic of present day representatives of

the higher plants phyla listed below?

B. S- sporangium

-/

v

Phylum

Plant number

Bryophyta (Liverworts
and mosses)

Lycopodiophyta
(Club moss)

Equisetophyta
(Horse-tails)

Pterophyta
(Polypodiophyta)
(Ferns)
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Animal Anatomy & Physiology (6 questions, 26 poinfs

B17. (5 points). The graph indicates the blood lev&bf three hormones produced in

a pregnant woman.

—+— Hormone A
=== Qestrogen

———=- Progesterone

Blood
hormone
level

= T T T T T L
0 4 8 12 16 20 24 28 32 36 .40
Time/weeks

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

or false.

A. Hormone A is produced by the ovary

B. Hormone A is human chorionic gonadotrophin.

C. Hormone A is prolactin.

D. Hormone A is made by the chorion.

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

pregnancy? (mark with ‘+).

A. Progesterone.

B. Prolactin.

C. Oxytocin.

D. FSH.

E. LH.




54

03. (2 points). Two other hormones, not shown on thergph, are also produced during

pregnancy. These are prostaglandins and oxytocirindicate whether the following

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

A. These two hormones are produced by the ovaries.

B. These two hormones are responsible for milk &irom.

C. These two hormones are responsible for contrasf the uterine wall.

D. These two hormones are made by the endomegmehpituitary gland,

respectively.

B18. (3 point). Name the germ layers of a metazoan embryo from wHicthe following systems

or organs developed

A. Brain.

B. Hair.

C. Autonomic ganglia.

D. Lungs.

E. Cardiac muscle.

F. Cartilage.

B19. (3 points). Match the protein (1 to 6) with i function (A to F):

1. Myoglobin. A. Blood clotting.

2. Prothrombin. B. Regulation of water excretion.

3. Ferritin. C. Light-sensitive pigment of rod cell

4. Vasopressin. D. Oxygen-storage in skeletal nesscl

5. Collagen. E. Iron storage in spleen, liver aodebomarrow.

6. Rhodopsin. F. Major fibrous protein of conneetiissue.

1. Ectoderm.

2. Endoderm.

3. Mesoderm.



Answers:

55

1 2 3 4

B20. (4 points). For the curve below, fill in the iccles on the answer sheet using appropriate

numbers from the upper figure. In the table, for exery number put a correct letter

corresponding to a term given below.

Spirometer

Residual
volume

J— —

VYolume
(n
+3

—

— 42

—+1

: i Residual volume
' A. Expiratory reserve volume.

B. Tidal volume.
C. Inspiratory reserve volume.

D. Vital capacity.

Respiratory volumes

Number in
the diagram
and curve

Term
letter
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B21. (7 points). How can the resting potential ol change after addition of the biologically

active compounds listed below (compound additiomasked by an arrovit)?

01. (5 points). Determine which graph reflectsdldition of which compound.

Fill the results in the table.

ﬁ T,ms ﬁ ijs

Nistatin (Na'- ionophor 1 s

Tetrodotoxin (inhibitor of Na *-channels):

Valinomycin (K*- ionophore):

H T,mc



02. (2 points). What is the change of transmembrane pential, in graphs 2

and 3 called?

A. Hyperpolarisation.
B. Depolarisation.

C. Repolarisation.
D. Action potential.

E. Overshoot.

Answers:

2 —

3 -

B22. (4 points). A mutation in the haemoglobin gen@HbS) causes sickle cell disease that

produces a cascade of symptoms such as:

1. Anaemia.

2. Sickle shaped red blood cells.

3. Breakdown of red blood cells.

4. Clumping of cells and clogging of small bloogsels.
5. Heart failure.

6. Kidney failure.

7. Brain damage.

8. Damage to other organ.

9. Paralysis.

In the following diagram, the symptom in the boxtop of the arrow causes the
symptom in
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the box below the arrow. Fill the empty boxes wiith number of the appropriate
symptoms.



Sickle cell (abnormal) haemoglobin

v

2

N

- '
'
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Ethology (2 questions, 12 points).

B23.

KIPPED

60













ED




65

ED

B24. (8 points). Two young men (Hans and Henri), baviour researchers of more or less the
same age and appearance, are going to do some irtigggions about sexual preferences
of human females. For this purpose they select siice outdoor cafés popular with
young women and hire two similar bikes of which onés provided with an extra child
saddle

(see diagram).
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extra child saddle

A

Hans and Henri expect that a man having a bike witla child’s saddle is more attractive to

young women. This is checked on a sunny afternoon July. Hans and Henri make a tour
along the six outdoor cafés, indicated A to F. Atwery café they halt for 15 minutes. While
standing in front of the café with their bikes andpretending they are having a talk
together, they both try individually to make eye catact with as many as possible of the
females sitting outside. The numbers are recordedhd after each café Hans and Henri

change bikes. The results of this experiment are stvn in the table.

Number of hits (eye contacts) at café A to F

A B D E F Total
Hans 12 10 14 17 12 72
Henri 9 17 10 10 12 20 78
Total 21 27 24 17 29 32 150

Remark: underlined are the hits obtained by mamgHa Henri)+bike with child
saddle.

Hans and Henri expect that the man with a bike havig an extra child saddle will be more
attractive to females than the man with the bike whout a child saddle. Possible arguments
supporting this idea are based on the hypothesis dhfemale organisms often show behaviour
focusing on objects related to survival of species.

01. (1 point). Which of the following statements is@rect Null Hypothesis for

the experiment of Hans and Henri?
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Hans and Henri do have the same attractivene$srhales.

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

The six cafés do not differ in the charactethefvisiting females.

Having eye contact between a male and a fersaletian indicator of attraction.

The attractiveness of a man+bike with childddia is greater than that of a man-+bike without

child’s saddle.
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02. (1 point). Hans and Henri do some calculations with their resits.

Number of hits per café
Mean (average) Standard deviation

Hans 12 3.4
Henri 13 4.5
Hans+Henri 25 5.5
Situation A: 15 () 3.7 (%)
Man + bike with child’s saddle
Situation B: 10 (ng) 1.9 ()
Man + bike without child’s saddle

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

the t-test. The following table should be used

Level of significance Critical t-value
10.0 % 2.02
5.0 % 2.57
25% 3.37
1.0% 4.03
0.5% 6.86

Calculate the standard deviation of the differdnetveen the means of the two situations A and B

in using the formula:

S:\/{(SAZ/nA)+(SBZ/nB)} S=
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03. (1 point). Calculate t, using the formula:

t=d/s t=

d — difference between means (situation A and sittian B).

04. (1 point). How sure can we be about rejecting thHull hypothesis (i.e. the difference

between situation A and B is significant)

1. Less than 75.0 %

2. In between 75.0 % and 90.0 %
3.  In between 90.0 % and 95.0 %
4. In between 95.0 % and 97.5 %
5.  In between 97.5 % and 99.0 %
6. In between 99.0 % and 99.5 %

7. Over 99.5 %

05. (1 point). Hans and Henri show their results to Rula, their boss. Paula claims that
Hans and Henri made a big mistake looking at the tal number of hits per café
since the six cafés differ too much as a spread dbf up to 32 is too much. Hans and
Henri do not agree with Paula and want to prove thie point of view using the x2

test. Determine thex? using the following formula.

O -E)

x2= 2 X =

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

07. (1 point). Determine the probability (P) for thisx? test,

using the following table. Estimate the answer in %




70

(df) Probability of random deviation (P)

0.995| 0975 0.9 0.5 0.3 0.25 0.1 0.0b6 0.025  0j01
1 0.00 | 0.00| 0.02] 0.46 1.07 1.3P 2.71 3.84 5.02 6.64
2 001 | 0.05| 0.21] 1.39 2.41 2.77 4.6 5.99 7.38 H]21
3 0.07 | 0.22| 0.58] 2.37 3.67 4.11 6.2b 7.82 9.35 5l1.3
4 0.21 | 048] 1.06/ 3.36 4.88 5.39 7.78 9.49 11/14 28138.
5 041 | 0.83| 161 4.35 6.06 6.683 9.24 11.07 12{83 .0915
6 068 | 124| 220/ 5.35 7.23 7.84 10.65 12.59 14/45.811
7 099 | 169| 283 6.35 8.383 9.04 12.02 14.07 16.08.481

08. (1 point). Which of the following conclusions based upon thig? test is correct? Look

at the total number of hits per cafe

1. The café’s are different, but the differencesrast significant
2. The differences between the cafés are significan
3. The results are dubious or questionable, somgthust be wrong in the design

of this experiment

4. The cafés are not different, but this is nohgigant

5. The cafés are not different and this is sigatiiic
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Genetics (7 questions, 26 points).

B25. (4 points). For each species listed in the tabbelow, indicate whether it can be
routinely used to study, investigate or manipulate@ne or more of the numbered items.

1. Obtain gene mutations.
2. Obtain chromosomal mutations in eukaryotes
3. Make gene maps.
4. Investigate meiosis.
5. Investigate mitosis.
6. Investigate X-chromosome.
7. Obtain extranuclear mutations.
8. UseAgrobacterium tumefaciend-plasmid for gene transfer to the cells of given
organisms.
9. Perform the gene transfer by transduction.
10. Investigate thkac-operon regulation.
11. Determine the DNA sequences.
Indicate the correct statements by “X” in corregjiog box of answer table:
Object Item number(s)
12| 3] 4, 5] 6| 7/ 8§ 9 10 11
Zea mays

Drosophila melangaster

Saccharomyces cerevisiae

Caenorhabditis elegans

Escherichia coli

Bacteriophagel

Prions




B26. (5 points). The birth records for 4 children vere lost at a hospital. The ABO blood
groups of the four babies are known to be A, B, ABand O. To determine parentage all of

their parents were tested for blood group. (The fdter of third child wasn’t found). The

results are shown in the following table.
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01. (4 points). Match the babies with their parents i marking the right blood types in

the table .
Families Blood group of each Blood group of a baby
parent
Parents 1 Father AB
Mother O
Parents 2 Father A
Mother O
Parents 3 Father Unknown
Mother A
Parents 4 Father O
Mother O

02. (1 points). What is/are the possible blood groupf the unknown father could have?

B27. (3 points). Connect the terms widely used ingpulation genetics in the left column with

the correct statement in the right column.

Term

Statement

1 | Inbreeding depression

alleles.

A Fixes advantageoulesléand removes disadvantageou

2 | Gene flow.

B | Increases genetic diversity withnd between sub-
populations, but occurs rarely.

[72)
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3 | Selection. C

Increases variation between sulHptipns and decrease

variations within sub-populations.

4 | Outbreeding depressian. |D

Fitness reduces due to increase in homozygosity,
expression of deleterious alleles increases as a
consequence of mating between closely related iohais.

5 | Genetic drift. E | Reduction of fithess due toimg@bf genetically divergen
individuals.
6 | Mutation. F | Decreases variation between subdptipns and increase

variation within sub-populations.

Term 1 2

An
swers:

B28. (4 points). In an isolated human population of 8400 persons, éhfrequency of allele  is

30% and allele B is 10%.

What is the number and % of people with each bloodroup?

S

Group

People number

%

O

A

B

AB

B29. (4 points). Suppose that the difference betwed0 cm high maize and 26 cm high maize

is due to four pairs of additive genes. The indiduals with 10 cm have the aabbccdd

genotype and the 26 cm - AABBCCDD.

01 (1 point). Determine the phenotype of F1 if it iknown that the parental plants are

10 cm and 26 cm of high.
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Answer:

F1:

02. (1 point). How many phenotypes classes would be k27?

Answer:

F2:

03. (1 point). Determine the phenotypes of F2 if itsiknown, that the parental plants are
10 cm and 26 cm high.

Answers:

04. (1 point). What fraction of the total number of plants in F2 will be 18 cm high ?

Answer:

B30. (4 points). The following figure shows the distribution ofthe concentrations of five
hypothetical proteins in aDrosophilaembryo. The anterior end is on the left and the
posterior end is on the right. A and B gene produstactivate the expression of Q gene,

and C and D gene products repress the expression@fgene.

Protein
concentration

rad S—mrr

anterior postenor
Longitudinal axis of embryo
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If one of the A, B, C and D genes is mutated, whergould the protein Q be found? Choose the

number of the correct answer.

Expression pattern of Q gene

Mutant A

Mutant B

Mutant C

Mutant D

l. Would be found in the anterior end of the embryobody.
I. Would be found in the posterior end of the embyo body.
lll.  No significant change

IV.  Expression of Q gene would decrease significdgt
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B31. (2 points). It is known that in somalioeciousplants sex can be determined genetically as

in animals. Examine the results of analysis dfifferent types of polyploids and ascertain
the type (mechanism) of sex determination in the gen plant species.

Choose the correct statement and put its number ithe appropriate box.

Rumex acetosa Silene latifolia

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

A — haploid number of autosomes.

1. Sex determination as in human.
2. Sex determination as Drosophila.

3. Sex determination as in birds.

4. Sex determination as in bees.
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5. In given plants X-chromosome determines maleneasd Y-chromosome
determines femaleness.

6. The presence of the Y-chromosome is a neceasahgufficient condition for the formation of
male flowers.

7. Y-chromosome doesn’t take part in sex deternanat

8. X-chromosome doesn’t take part in sex deternanat

01. Rumex acetosa

02. Silene latifolia
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Ecology (5 guestions, 19 points).

B32. (3 point). Three pond ecosystems (1, 2 and8gre used for fish production. When the
total number of fish in each pond was measured, thillowing pyramids were obtained.

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

v Vi Vi \Y%
v Y v
[ v 1]

/ \ I [ \ |

1. 2. 3.

Assign to these pyramids the appropriate featuregdm the list below. Using letters indicate

the answer(s) in the table.

A. Pond with very intensive fish cropping.

B. Pond with selective cropping of baby fish.

C. Pond with limited fish cropping.

D. Eutrophic pond.

E. Pond cropped regularly.

F.  Pond with excessive turbidity and excessive qqiiginkton.

G. Pond with optimal age structure.

Pond Statement
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B33. (2.5 points). The following figure shows tloedl web of a certain ecosystem with five

species (A-E). Arrows indicate the flow of enerlylatch the letters to the descriptions of

the species:
(C)
— (B) \(E)
(A) \
o) —— Reducers / decomposers
Producer
Herbivore
Omnivore
Carnivore

B34. (8.5 points). Fresh water bodies can be subdidd into still-water systems (lentic

waterbodies = ponds and lakes) and moving water ggsns (lotic waterbodies =

creeks and rivers). Both groups differ in the abiat factors and in their flora and fauna.

01.(2,5 points). Indicate with a ‘+’ which characterstics are typical of the lentic and

lotic systems.

Water system characteristic

Water system type

lotic

lentic

Rapid decrease of the light density
with the depth

Normally staggered water
temperature

Occurrence of long-lasting plankton
communities

Streamlined animal bodies

Animals with suction cups (suckers




02. (3 points). Rivers show a marked profile of vasavater quality parameters along
their length. Samples taken near the source afitke show different values for
various parameters compared to samples from dawarstparts of the river.

Mark the expected tendency of this difference uimgsymbols ‘ +' for increase,

‘-" for decrease or ‘=" for no change.

From near the river's souree

Water temperature.
Oxygen content.
Turbidity.

Amount of sediments.

Amount of nutrient minerals.

Velocity of the flow.

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

P/R ratio represents the ratio of production to repiration in the given part of the

>

To lower part of theer.
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river. From the graph choose the correct parts oftie river for the questions below.

A
1,0 po—mm el N\
” P/R-ratio
Qo
© y o
i~ biological
0 / N
x 01 S >~ diversity
o / S~
N7 T~<
mean particle siz€ *-----...._
0.01 organic material N

12345678

(source)

Answer the three questionsWrite the numbers of river parts in the boxes.

9 10 11 12
(lower parts)

Parts of the river

10

1,0

0,1

particle size

0,01
0,001

P N WP o

diversity




B35.

B36.
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Which parts of the river are autotrophic?

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

In which parts can predators be found?

(1 point). A student wished to estimate the ®20f a population of an endangered water
beetle species in a small pond. He captured 30 imttluals, marked and then released
them back in the pond. After 24 hours, once againéncaptured 30 individuals. Of the
newly captured individuals, only 14 were marked. Asume that no individuals were
born, died, immigrated to or emigrated from the population during the experiment.
What would be the student’s estimation of the endayered water beetle population in

the pond? Estimated population size of endangeredater beetle in the pond is:

(4 points). The graph shows the productivity oin aquatic ecosystem measured in terms
of dissolved oxygen produced and consumed by greplants and photosynthetic algae

where PS = photosynthesis and R = respiration.

30

20

10

PS R PS+R

Dissolved Oxygen (mg/L)

-10

-20

Study the graph and answer the following questiamging your answers in the box.
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01. (1 points). Which bar represents net primary prodictivity?

02. (3 points).An algal bloom occurs until nutrient levels are exhusted. Then the algae
die off and microbial decomposition begins. How wiilthis affect the graph

parameters PS and R?

02.1 (1 point). What will happen during the algal bloon?

1. PS will be increased, R will be decreased.
2. PS will be decreased, R will be increased.
3. PS and R will not change.

4. PS + R will increase.

5. PS + R will decrease.

6. PS + R will remain unchanged.

SKIPPED




SKIPPED




Biosystematics (4 questions, 16 points).

B37. (3 points). Below is a list of extant (livinglnammalian genera. Assign them to the
continents and subcontinents where they live and dicate the Order to which they belong.

Insert the number of the animal into the correct baes of tables 0Jland 02

GENUS

1. Ursus (Bears)

2. Cebus(New world monkeys)

3. Pan (Chimpanzees)

4. Pongo(Orangutans)

5. Elephas(Elephants)

6. Macropus(Kangaroos)

01. (1.8 points).Continents & subcontinents.

Australia

North America

India

Africa

Europe

Asia

South America

02.(1,2 points). Order

Marsupialia

Proboscidea

Carnivora

Primates




SKI

ED

KIPPED
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B40. In the figure is shown a well known organism.
01.(1,2 points). Give its systematic position by chemg suitable numbers from the list

below.




1 — Animalia;
2 — Arthropoda,;

3 — Echinodermata;

11 — Gastropoda,;
12 — Annelida;

13 — Protozoa;

4 — Mollusca; 14 — Viviparus

5 — Fungi; 15 — Hymenoptera

6 — Chilopoda; 16

7 — Insecta; 17 — Arachnida;

8 18 — Cnidaria;

9 — Plantae; 19 — Diptera,;
10— Apis; 20

Kingdom

Phylum:

Class:

Order:

Genus:

02. (1 point). Choose the number corresponding tdé type of the insect’s leg.

o gk~ W N

Leaping.

Burrowing.

Swimming.

Gathering.

Walking.

Prehensile.

21 — Drosophila;
22 — Aphis;

23 — Leptinotarsa,;
24 — Coleoptera;
25

26 — Oligochaeta;
27 — Lepidoptera;
28 — Anopheles;
29 — Locusta,

30.

87
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03. (1 point). Using the letters, list the leg structral elements this insect possesses in

sequence (beginning with those closest to the body)

A. Femur.
B. Tibia.

C. Trochanter.

D. Coxa.

E. Tarsus.

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

1.Piercing-suctorial.

2. Licking.

3. Biting.

4. Suctorial.

05. (1 point). Select the numbers of organs of otharganisms, which are homologous to
the wings of the insect concerned.
1. Sparrow wing.
2. Crayfish qills.
3. Bat wings.

4. Fish dorsal fin.

5. Fish pectoral fin.

6. Potato beetle elytrum.

~

Frog legs.



06. (0,8 point). In the answer table assign the devsmental stages of this insect

according to the letters in the figure.

1. Sporocyst. 5. Imago.

2. Egg. 6. Redia.

3. Graaf vesicle. 7. Pupa.

4. Larva. 8. Hydatid cyst.
Answer:

A B C D




07. (1 point). What is the significance of the species for humans?

1. Animal and human parasite.
2. Crop pest.

3. Object of genetic investigation.

90

4. Entomophagous.

5. Vector of sleeping sickness agent.
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