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1 This question concerns cell division.

Complete the following table using the terffRUE or FALSE.

True or False

Chiasmata can form during Prophase Il of meiosis.

Centromeres divide only in meiosis.

Mitotic division involves the pairing-up of homologs chromosomes.

In Meiosis I, pairs of chromatids line up on trgpuator of the spindle.

Crossing-over brings about variation.

In eukaryotic cells, DNA replication occurs duritige S phase of interphase.
(Total: 6 marks)

2 This question is about autotrophic nutrition.

A bizarre microbe found deep in a gold mine in $oAfrica could provide a model for how
life might survive in seemingly uninhabitable emviments.Desulforudis audaxviator’s
habitat is devoid of the things that power the vasjority of life on Earth—Ilight, oxygen,
and carbon. Instead, this “gold mine bug” gets gné&om radioactive uranium in the depths
of the mine.

a. What is the biological term for organisms thatteesise organic compounds using energy
derived from the oxidation of inorganic molecules?

1)

b. NameONE common inorganic molecule th&. audaxviator might use as a source of
energy.

(1)
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Unlike D. audaxviator, plants are photosynthetic and therefore need lighsynthesise
organic compounds. Figure 1 shows a cross-sedirongh the leaves of two plant species —
one taken from an open grassland (left) and therothken from the undergrowth of a

woodland (right).

Open grassland Woodland

Figure 1: Cross section through the leaves of ppecies

C. Name cells B and D.
B: D: (2)
d. Use the diagram to explain how the leaf of smetpodland species is adapted for its habitat.
2)
e. Plants need light for non-cyclic photophospladign. Briefly explain this statement.
3

Question continues on next page
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f.

The graphs in Figure 2 below show what happewethe carbon dioxide uptake of both
plants when the light intensity was increased.
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Figure 2: Graphs showing changes in,@ptake with increased light intensity
(Source: http://mww.plantedtank.net/forums/10-lighting/141847-photo-period-vs-light-intensity.html)

(1) Which graph (X or Y), do you think, represerthe woodland plant? GiveNE
reason for your answer.

1)
(i) Suggest what might have happened at point & @oint B.
Point A:
Point B: (2)

(Total: 12 marks)
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3 This question is about locomotion andosup
a. Skeletal muscles are attached to bones. This @antain myofibrils that are made up of
sarcomeres.

0] Name the tissue responsible for attachmemtascle to bones.

1)
(i) Name the region of a sarcomere that remegrstant in size during contraction.
1)
b. For skeletal muscles to contract, actin mustesbver myosin. Nam&WO other proteins
that play a role in human locomotion and for eaive a brief description of its function.
4)
C. Briefly outline the roles of ATP in generatingistle contractions.
2)

Question continues on next page
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d. One ATP molecule is required to move one adlamient 40 nm. During contraction of a
sarcomere, a single actin filament moves|h8 How many molecules of ATP are required
to produce this movement? Show your working.

Answer: (2)
(Total: 10 marks)

4 This question is about plant reproduction.
a. After fertilisation has occurred, name the dtrreethat forms from the following:
(1) The nucleus of the ovule (1)
(i) The polar nuclei (2)
(i)  The ovary 1) (
(iv)  The ovule ) (1
v) The integuments around the ovule (1)
b. Distinguish between protandry and protogynylanfs.
2)
C. What is the ultimate aim of protandry and prgtogin flowering plants?

(1)
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d.

Explain where each of the following four parten angiosperm flower develop:

0] Male gamete (%2)
(i) Female gamete (*2)
(i) Microspore (%2)
(iv)  Megaspore (%2)

(Total: 10 marks)

This question is about inheritance.

Is the ABO blood group system an example of podance or of incomplete dominance?

(1)

I, 1® and P are alleles that form the ABO blood group syst&that term is given when
more than two alleles for a trait exist in a popiola?

(1)

A man is suing his wife for divorce on the caseénfidelity. Their first and second children
have blood groups O and AB respectively.

0] Fill in the following table giving the possilgenotypes for each blood group.

Blood Group Possible Genotypes
First child: O
Second child: AB
(2)

(i) The third child who the man disclaims is bibtype B. Give his possible genotypes.

)

Question continues on next page
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(i)  Given your genotype answers to p#&nt and (ii), can this information support the
man’s case? Explain.

)

d. 120 individuals were tested for their blood grodrable 1 shows the total number of
individuals in each blood group.

Table 1: Total number of individuals in each blaydup

Blood group A 24
Blood group B 32
Blood group AB 38
Blood group O 26
Total 120

% test can be used to test the hypothesis that thete significant difference between the
observed results and the expected 1:1:1:1 ratio.

(1) Complete the table below to calculafdor the values given in Table 1.

Blood Group Observed Expected (O-E) (G-E) M
Blood group A 24 :
Blood group B 32
Blood group AB 38
Blood group O 26

T il

3)
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(i)  The critical value fo®with 3 degrees of freedom at the 0.05 probability lév&1.82.
What can be deduced from the calculated valyé?f

)

(Total: 13 marks)

6 This question is about population ecology and lcimelogy.

a. In classical biotechnology experiments, bactareagrown on agar. Bacterial growth follows
the principles of population ecology.

You are given the following bacterial growth weiin Figure 3:

g c '\

:

2

A B
Time
Figure 3: Bacterial growth curve

0] Name the phase between:
A and B:
B and C:
C and D:
D and E: (2)

Question continues on next page
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b.

(i)  Suggest explanations for the pattern of growththe bacteria between each of the
following time intervals:

A to B:
(1)
B to C:
(1)
Cto D:
(1)
D to E:
(1)

In recent years, the use of agricultural armsmal the field of transgenic technology has
increased significantly. An example of this is tlee of transgenic goats in the production of
ATryn®, the brand name of antithrombin.

(1) Define transgenic technology.

(1)

(i) Why are transgenic goats ideal for productadrantithrombin?

(1)
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(i)  What is ‘antithrombin deficiency’ and what ds it cause?

)

(Total: 10 marks)

7 This question is about human reproduction.

a. For each of the following hormones, state whieig produced and its main function in the
menstrual cycle.

(1) Luteinising hormone

2
(i) Follicle stimulating hormones

2
(i)  Oestrogen

(2)
(iv)  Progesterone

(2)

b. WhichTWO hormones released by the anterior pituitary gkedinvolved in the production
of sperm? Briefly explain their role in the prodoat of sperm.

Hormone 1:

Role in the production of sperm:

(@)

Question continues on next page
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Hormone 2:

Role in the production of sperm:

(2)
C. Briefly explain the acrosome reaction.
(2)
(Total: 14 marks)
8 This question is about excretion.
a. Ammonia is a toxic substance; however, it ist@genous excretory product. How are bony

fish able to use ammonia as a nitrogenous excreraguct?

1)

b. Uric acid is not very toxic and is poorly solelh water. How is poor solubility an advantage
to insects?
1)
C. Urea is much less toxic than ammonia and caexoeeted in a moderately concentrated

dilution. In humans, what disadvantage is assatiaiéh the production of urea?

(1)
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d.

e.

9

List TWO main functions of the kidney.

)

Explain the term deamination.

1)

(Total: 6 marks)

This question is about thermoregulation.

Figure 4 shows the metabolic rates of two organig@ganism A and Organism B) in
relation to the changes in environmental tempeeatur

0 10 20 30 40
Environmental temperature (°C)

( = 1un Ateayigle) g wsiuegiQ Jo @ikl dljoqelRp

Metabolicrate of Organism A (arbitrary unit m )

Figure 4: The metabolic rates of two organisms @@igm A and Organism B) in relation to the
changes in environmental temperature
Modified from Sadava et al. (2012).

Question continues on next page
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a. With reference to Figure 4, distinguish whicgamism is an ectotherm and which organism
is an endotherm. Briefly explain your answer.

(4)
b. In the space provided, sketch the responseeobdidly temperatures of a lizard and a mouse

of the same body size to changes in environmeetabérature.
40 : ; ;
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0 10 20 30 40
Environmental Temperature (°C)
(2)
C. How is the mammalian skin adapted in order tintaa a constant body temperature in a
cold environment?
(2)
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10

How is aestivation different from hibernation?

)

(Total: 10 marks)

This question is about evolution.

What is the principle of the Hardy-Weinberg équum?

(1)

Before the Hardy-Weinberg equations can be egpkeveral assumptions must be made.
Give FOUR of these assumptions.

(4)

A sample of a population was tested for theitgtiib taste a chemical called phenylthiourea.
The ability to taste this chemical is determinedtbg allele T which is dominant to the
allele t. An analysis of the sample of people shbat 9% of the sample were non-tasters.
Using the Hardy-Weinberg equations, calculate:

(1) The frequency of the t allele. Show your waoudi

(1)

Question continues on next page
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(i) The frequency of the T allele. Show your wioidg

(1)

(i)  The proportion of this population that is teeozygous for this gene. Show your
working.

(2)

(Total: 9 marks)
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SECTION A
This section is obligatory

1. Read carefully the following extract. Then usinge tinformation provided and your
knowledge of biology, answer the questions thatovel The numerals in the left-hand
margin are the line numbers.

Distribution, habitat preferences and behaviour of the critically endangered Maltese top-shell
Gibbula nivosa

The Maltese top-shelGibbula nivosais a critically endangered marine gastropod wiiak been
recorded from the Maltese Islands on numerous amtadut not from any other locality in the
Mediterranean, despite extensive searches for ptpns of this species by shell collecto€.
nivosais thus considered to be endemic to the Maltdaeds. Such a situation is practically unique
amongst molluscs within the whole Mediterraneaniomrgas well as amongst the marine
invertebrates of Malta; although a handful of oth®arine species are also known only from the
Maltese Islands, none of these have been extepsearched for throughout the Mediterranean, as
in the case o6. nivosa

Given the small size of the Maltese Islan@s,nivosahas a very narrow geographical range, which
makes this species very rare on a regional scaleieMer,G. nivosais also rare within the Maltese
Islands themselves. For a point-endemic species| lextinction would be equivalent to global
extinction, which render&. nivosain dire need of proper conservation. In particufactors that
could lead to its decline need to be identified addressed.

Despite calls for biologists and shell collectoosréfrain from collecting this specie§,. nivosa
started to appear in the catalogues of professishall dealers and was subsequently afforded
protection via international conventions. The spgeds also protected by Maltese legislation. By
rendering the collection and trade @f nivosaillegal, such legislation has contributed to emsyr
survival of this species.

Accumulations of cobbles and pebbles can sup@omivosa.In fact, the snails were found to be

more abundant in the upper layer of the cobble ebsbje bed despite predation by fish being
expected to be higher in this area. This suggéstis@G. nivosashows a preference for the upper
strata due to factors other than predation. Thesgintlude the avoidance of anoxic conditions and
waterborne silt particles that may be present isabdayers of the cobble/pebble bed and the
proximity to the surface where microflora would katie highest nutritive value.

The foraging behaviour @. nivosacan be described asrahging pattern’ where movement is not
oriented in a specific direction and the snailsndb return to their previous shelter after a fonggi
bout. ‘Homing behaviour’ is not required since shelter is readily avakalileneath the same
cobbles/pebbles. Despite snails being slow-movimy,psuch avoidance behaviour still reduces the
risk of an attack by a fast-moving predator siriéevolves a response to a distant threat.

Adapted from: Evans, J., Borg, J.A. and Schembdi, 011). "Distribution, habitat preferences amehaviour of the
critically endangered Maltese top-shell Gibbulagga" Marine Biology, 158:603-611.
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a. Explain what is meant by the term ‘criticallydangered{line 1). (2)

b. Find a term from the text which refers to doelogical state of a species being unique to

a defined geographic location. (2)
c. Give the phylum and class @fbbula nivosa. (2)
d. Define ‘invertebrate(line 6). (2)
e. Explain what is meant by the term ‘populatiime 3). (2)

f.  Mention TWO selective pressures that could influence the igtnf the molluscan
G. nivosa. (2)

g. What is the implication of having a specieattthas a very narrow geographical
range...[and which is also] ... very rare on a regiaaale’. (lines 9,10Explain. 3)

h. It is claimed thaG. nivosashows a preference for the upper strata in cobbt#oa
pebble beds due to factors other than predatiome THREE possible explanations,
mentioned in the text, for this. (3)

i. Explain what is meant by ‘ranging pattern’ di25) and ‘homing behaviour’ (line 27).

(4)

J. (i) Give ONE anthropogenic factor, not mentioned in the texticlv can lead to the
decline ofG. nivosa (1)

(i)  Explain how the factor given as an answepart j (i) may lead to the decline of
G. nivosa. (2)
(Total: 25 marks)

SECTION B

Answer any TWO questions from this section; your answers should take the form of essays.
Each question carriestwenty five marks.

2 The autonomic nervous system is a control systenatis largely unconsciously. Comment
on the main integrating centre of this system amsduss the structure and functions of its
TWO main subsystems.

3 Even though deoxyribonucleic acid (DNA) and ribdeix acid (RNA) have different

molecular structures, they both carry genetic miation. Briefly describe the structures of
both nucleic acids and explamdetail the characteristics of the genetic code.

Questions continue on next page.
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4 It is possible that organelles such as the mitodharand plastids were separate organisms
that developed a symbiotic relationship with largest organisms. Explain the evidence and
implications of this statement.

5 Some metabolic pathways operate in cyclic ways.cii@s in detailTHREE metabolic
cycles, highlighting the importance of such cycles.
(Total: 50 marks)

SECTIONC
Answer ONE question from this section.

6 Use your knowledge on evolution to distinguishwaen the following pairs:
a. balanced and transient polymorphism; 5)
b. pre-zygotic and post-zygotic isolating mecharsism (5)
c. stabilising and directional selection; ) (5
d. allopatric speciation and sympatric speciation; (5)
e. genetic drift and gene flow. (5)
7 Use your knowledge of Biology to explain the folliogy statements.
a. The human eye is capable of detecting differeldurs. (5)
b. A community is a result of the relationshipvbe¢n different organisms. It is made of a
number of species that complement one another whsfiatially or temporally. (5)
c. Proteins within the cell membrane have diffefanctions. (5)
d. The lac Operon is an inducible operon whichulatgs the encoding of enzymes required
to metabolise lactose. (5)
e. Fluid is continuously leaking out of the caguikks; however, blood volume is still
maintained. (5)

(Total: 25 marks)

Page 4 of 4



Index No.: AM 05/IIl7In

MATRICULATION AND SECONDARY EDUCATION CERTIFICATE E XAMINATIONS BOARD
UNIVERSITY OF MALTA, MSIDA

MATRICULATION EXAMINATION
ADVANCED LEVEL

MAY 2017

SUBJECT: BIOLOGY
PAPER NUMBER: i
DATE: 10" May 2017
TIME: 4.00 p.m. to 5.35 p.m.

Directions to Candidates
. Write your index number in the space at the topHahd corner of this page.
. Answer all questions. Write all your answers in $paces provided in this booklet.
. The mark allocation is indicated at the end of eqabstion. Marks allocated to parts of

guestions are also indicated.

. You are reminded of the necessity for good Enghsid orderly presentation in your
answers.

. In calculations you are advised to show all thesia your working, giving your answer at
each stage.

. The use of electronic calculators is permitted.

For examiners’ use only:

Question 1 2 3 Total

Score

Maximum 12 21 17 50

© The MATSEC Examinations Board reserves all rigitghe examination questions in all examinatiopepa set by the said Board.



AM 05/111.17m
DO NOT WRITE ABOVE THIS LINE

1 This question concerns classification.

a. This part concerns Figure 1 below:

Figure 1
(Source: http://static.guim.co.uk/sys-images/Guar dian/Pix/pictures/2014/5/27/1401185342046)

0] Name the Phylum.

1)
(i) Name the Class.

1)
(i)  Name and describe the segmentation exhilitethis organism.

(2)
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b. This part refers to Figure 2 below:

Figure 2
(Source: https://farm8.static.flickr.com/7062/6965052021_9b1812c758 b.jpg)

(1) Name the Phylum.

(1)
(i) Name the Class.

(1)
(i)  Give ONE visible characteristic feature of this organism.

(1)

Question continues on next page.
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C. Answer the following questions on Figure 3 below

Figure 3
(Source: http: //3.bp.blogspot.conV-Wyi PtEqOKmo/ TSRHO7ZAgQI/AAAAAAAAPL c/aF uwdr nA9wg/s1600
/Eyprepocnemis_plorans Albufera_151011.jpg)

0] Name the Phylum.
1)

(i) Name the Class.

(1)

(i)  Organisms belonging to this phylum are clutesised by tagmata. Identify the
THREE tagmata of this organism.

()

(Total: 12 marks)
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2

This question is about water potential in plants.

Water potential is the measure of potential enargyater and it is represented by the
following equation:

W = Ws + W,

Where:

Yy is the water potential;
Y, is the solute potential and
¥, is the pressure potential.

You are provided with the following apparatus aratenals:

1 M sucrose solution;

distilled water;

6 potato strips (each 2 mm thick and 5 mm long)ftarh the same potato tuber;
6 test tubes;

pipettes;

mass balance;

plotting paper;

plastic paraffin film.

Describe how you would use these items to aqautyan experiment aimed at measuring the
water potential of potato parenchyma tissues.

()

Question continues on next page.
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b.  MentionTWO possible sources of error associated with thisotket

)

Table 1 shows the percentage change in potato wveaghrded in this experiment, and the
water potential values of the sucrose concentration

Table 1: Results showing percentage change inguiaight recorded and the water potential valuab®f
sucrose concentrations.

Test Tube | Molarity of Solution | Yw (kPa) % change in potato weight
A 0.00M 0.000 15%
B 0.15M -0.366 7%
C 0.25M -0.609 4%
D 0.35M -0.853 0%
E 0.45M -1.100 -5%
F 0.55M -1.340 -12%
C. Use the graph paper (next page) to plot ahgodjphe percentage change in weight of potato
strips with the water potential values of the d#f@ solute concentrations used in this
experiment. 5)

Question continues on pages 7 and 8.
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d. Increased potato weight occurs when potato paggna cells are put in hypotonic solutions.
0] Explain this statement in terms ¥, andWs.

(2)
(i) Use the graph to identify the hypotonic suaasslutions.
(1)
e. Using the experiment results shown in the graygigat can you deduce about the turgor
pressure of the potato parenchyma cells put inaests E and F? Explain your answer.
2)
f. At which solute concentration are the parencayrell contents and the sucrose solution
isotonic?
1)
g. Use the graph to determine the water poteanfithe potato parenchyma tissue used in this
experiment.
(1)

(Total: 21 marks)
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a.

This question is about enzymes.

Trypsin is a proteolytic enzyme that hydrolysesegg@sone of the major milk proteins. This
enzyme works best at pH range of 7.8 to 8.7. Atevbpaque suspension of powdered milk
becomes translucent following complete hydrolysighe enzyme. This reaction was used in
an experiment to study the effect of different temapures on the Kkinetics of
casein — trypsin digestion.

The following two colour standards were prepared labelled:
. Standard A, containing 5 ¢rmilk suspension and 5 érof distilled water, and
. Standard B, containing 5 émilk suspension and 5 émf dilute hydrochloric acid.

A water bath was set at6. One test-tube containing 5 tof milk suspension and one test-
tube containing 5 cfof enzyme solution were acclimatized in the wétth for 5 minutes.
The enzyme solution was then mixed with the millsp@nsion and the mixture was
incubated. The time taken for the end point of thaction to be reached was noted.
The procedure was repeated to obtain a more aecastimate. The experiment was then
carried out using five other different temperatui@sd the time taken for the completion of
the reactions was noted and tabulated in Tablddbe

Table 2: Experimental results

Time (T) to end point (minutes)
Temperature Rate of Reaction (1/T)
(C) 1% Reading | 2 Reading Average (minute™)
5 12.78 13.42 13.10

20 1.50 1.54 1.52

35 0.78 0.72 0.75

50 0.75 0.87 0.81

65 0.86 1.00 0.93

80 no reaction after 20 minutes

Calculate the rate of the reaction for the diffié temperatures (as indicated in Table 2) and
fill in your answers in the Table 2. (5)

Question continues on next page.
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b. What is the purpose of setting colour standArdsd B?

(2)

C. What colours would these standards show?
1)
d. State the reason for the separate acclimatizatiothe enzyme and the substrate prior to
incubating them together.
(1)
e. Sketch the pattern of the graph that emerges fine results in Table 2. Label the axes.
2)
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f. Interpret these results in terms of the effddemperature on enzyme action.

(4)

g. How would you expect the casein-trypsin digestio be affected if carried out in an acidic
solution? Give reasons for your answer.

(@)

(Total: 17 marks)
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1. Vitamins are an integral part of a balanced. diany people consume fruit juices as there is a
perception that fruit juices are rich in vitamindtamin C, also known as ascorbic acid, is a
vitamin that is normally found in fruit juices. Tleencentration of vitamin C in fruit juice can be
measured using starch-iodine indicator. Vitamin l@arges the colour of the starch-iodine
indicator from blue to colourless.

You are required to devise and implement an expariad procedure to compare the level of
vitamin C in different types of fruit juices.

You are provided with the following materials:
» starch-iodine indicator;

* 0.1% solution of ascorbic acid,;

e Qrange juice;

* apple juice;

* pineapple juice;

e grapefruit juice;

» other laboratory apparatus as required.

Candidates are advised to use 2 ctof the fruit juice samples in this experiment.

a. What is the aim of your biological investigation?

(1)

b. Suggest suitable null and alternative hypothesethfe investigation.

(@)
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C. Using the material provided, devise and describexgerimental procedure that may be used
to compare the amount of vitamin C in each of thé fuice samples.

(10)

Question continues on next page.
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d. List and justifyTWO precautions that should be taken before the stainecexperiment.

(4)
Carry out the investigation that you devised and record the resultsin part (e).
e. Record your results in the space provided beldarks will be awarded for the structure
and the organisation of the results obtained.
(4)
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f. There is 1 mg vitamin C in 1 ¢hef the vitamin C solution provided. Use this infation to
calculate the amount of Vitamin C found in eachhef four juices.

0] Orange juice:

2)
(i) Apple juice:

(2)
(i) Pineapple juice:

(2)
(iv) Grapefruit juice:

(2)

Question continues on next page.
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g. Use the graph paper below to draw a bar chartgiesent your results. (6)
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h. What conclusions can be drawn from the results?

3)

I. List TWO possible sources of error in your investigation.

(@)

(Total: 40 marks)
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