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The syllabus content is divided into 11 sectiondctviconstitute the syllabus coreNd options are required

Aims
To develop an understanding of biological factsyggles and concepts.

To promote an appreciation of the importance of nlzgmn and experimental work in the study of biplo

To train students to understand. select, organizeaaalyze relevant information and to communicdtsas
coherently.

To help generate conceptual and practical skillsaagesult of involvement in scientific activity and
experimentation.

To inculcate in students a respect for all formifefand a respect for the uniqueness of individughnisms.
To promote an interest in, and enjoyment of theysafdife processes and living organisms.

To develop an understanding of the technologicaliegtmns and of the social, economic and enviromale
aspects of biology.

Scheme of Assessment

The examination will consist of four papers. In thespers the learning objectives will be as follows
Knowledge of facts and theories;

Comprehension of this knowledge;

Application of knowledge to new and concrete sitrs;

Ability to analyze the subject matter and to dedwustationships between its component parts:

Synthesis of the above components into new and imgfahrelationships:

Evaluation of material using coherent and expligiecia.

Mathematical skills: to include the ability to digp and interpret data in the form of bar graphstograms,
pie charts and graphs, and scatter diagrams; a lkdge and application of the following concepts:
correlation, normal distribution, mean and standdediation, probability levels. Use of Chi Squaneda

Student’s t-test as specified in the respectivé@es7.3.2 and 10.1.

Mathematical formulae will be included in the exaation scripts. Candidates may make use of sdentif
calculators during all their examinations.

Paper 1- 3 hours
This will consist of a number of compulsory struetiquestions covering any section of the syllabus.

Paper 2- 3 hours
This will consist of three sections.

Candidates will be required to answer two compylsquestions from Section A, one of which will be a
comprehension.

They will be required to choose two out of four di@ss in Section B which will be of the essay type.
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Section C will cover any section of the syllabusewhcandidates will be required to answer one btivo
guestions. These will be structured essay questions.

Paper 3- 1.5 hours

Paper 3 will be based on practical work relatethéotheory sections of the syllabus. It will cohsisa number
of compulsory questions designed to test the cameld experience of practical skills, techniquesl an
investigations, data analysis as well as theiritgtiib use particular items of laboratory equipmetestions
will test the ability to observe accurately, makawings of biological material from photographsdigrams
and to demonstrate an understanding of practicahiques relevant to the syllabus. Candidatesheiltested
on their ability to plan and to carry out laborgt@xperiments, to design an investigation and tmne and
interpret the results obtained. They should showalgiiity to evaluate their work critically and to ggest
improvements to the techniques used. Candidatesatsaybe required to use or construct dichotomays k
and to classify organisms in accordance to Sedtiohthe syllabus.

Paper 4-1.5 hours

Candidates will be allowed to proceed with this grapnly if they submit to the examiners their amaji
laboratory and practical reports which have beeap@nly certified by their tutors (See section omaddcal
Work below). These practical reports will be marksdMATSEC examiners so that a 10 mark allocation is
given according to the quality of the practical imrok(s) as described below.

This practical Hands-on part of this paper will itwexperimental work and observations to be caroiet in

a laboratory. It will consist of one question —ahxing an experiment to test the ability to folldaboratory
instructions, to design experiments, to make adeurbservations, to record their observations in an
appropriate manner and to interpret and analyzperéxental data. Questions may require candidates t
perform a simple experiment, to make observatioms fiwhole specimens or from microscopic preparatiom
prepare temporary microscope mounts, to disseds mdra flowering plant, fruit or a mammalian organ
Candidates are expected to know how to make godefiective use of both low and high power micrgseo

Candidates are expected to bring their disseciioio khe examination.
Practical Work and Practical Workbook(s)

Both laboratory and field work should form the Isasf the course. Candidates are required to sutbiit
original practical reports (workbook(s)), propedgrtified by their tutors, to be examined by the MgEC
examiners, to the MATSEC Office or as instructed lgiveen date. They will not be allowed to proceechwit
Paper 4 if they fail to do so, or if they fail tatisfy the examiners that these practical reparstlzeir own
original work. 10/50marks will be allotted to theality of the practical workbookggnsisting of a minimum
of 25 practical} in the following manner:

10 marks: Good Practical book(s), a record corapletovering all sections of the syllabus but with
considerable amount of additional material, i.&ica appreciation of physiological exercises xpected and
fieldwork, if carried out, must be more than justaccount of a field course.

8 marks: Above average practical book(s), a wkammpletely covering all sections of the syllatnug
showing evidence of additional effort extra nothgwings, experiments or fieldwork.

6 marks: Average Practical book(s), a virtuallynpdete record covering all sections of the syllabuabels
complete and physiological exercises written up.

4 marks: Below average Practical book(s), a vilgummplete record covering all sections of théatyus but
lacking in quality, care, labels or corrections.

2 marks: Poor Practical book(s), incomplete (ieesinot cover all sections of the syllabus)

Private candidates should make arrangements veith@ol to gain the practical experience required.



AM Syllabus (2008-2010): Biology

The whole examination assessment procedure is Baimgarized below:

PAPER TIME MAX %MARK

I 3hr 100

Il 3hr 100

i 15hr 50 (Written practical-based exam)

v 1.5 hr 50 (Experiment exam (40) + Practicarkibmok (10))

The table below shows the estimated percentage imgiddr each respective syllabus area. These egtimat
values are intended to offer some guidance asetaitiount of time to be allotted to the theory tasaeght,
and to the approximate overall weighting to be git@these areas in examination papers 1 and 2.

SYLLABUS AREA PERCENTAGE WEIGHTING
PLANT AND ANIMAL PHYSIOLOGY 30 %
GENETICS, BIOTECHNOLOGY AND EVOLUTION 24 %
BIOCHEMISTRY 15%
CLASSIFICATION 6 %

CELL STRUCTURE, DIVISION AND MATERIAL 10 %
ECOLOGY 15%

SYLLABUS

The following sections of the syllabus are not meartie treated separately and independently of etiudr.
On the contrary, the teaching of Biology should aithe appreciation of unified biological prin@pl The
notes in italics are meant for general guidancg.onl

SECTION 1 — THE VARIETY OF LIVING ORGANISMS

1.1 An understanding of the term biological déity as the variety of life in all its forms, ldgeand
combinations $ee supplementary note at the end of syllabtikis understanding may be expressed at three
levels: species diversitypction ], Ecosystem diversity [Section 11] and genetic diitg [Section7].

1.2 Definition of species according to the biol@jispecies concept. Principles of systematics and
biological nomenclature. Use of and constructibdichotomous keys to identify organisms.

1.3 Viruses and virions. Structure of viruses usinfpacteriophage and a retrovirus as examples. Main
distinguishing features between viruses and livainganisms. Details of lytic and lysogenic life Bgare
expected.

1.4 The main characteristics of the five kingdomsokBryota; Protoctista; Fungi; Plantae and Animalia
(Classification is human based and not a self-esthbt natural condition. Thus it must be appremiathat it

is only as accurate as the current knowledge ohegroup of organisms alloysThree domain system of
classification is not required.
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1.5 Students should understand the meaning of pmetciate the evolutionary significance of thedaling
terms:

1) radial and bilateral symmetry

2) diploblastic and triploblastic organisation

3) acoelomate and coelomate body plans

4) metameric segmentation

5) jointed appendages

6) the pentadactyl tetrapod limb

7) prokaryotic and eukaryotic cells

8) endosymbiotic origin of plastids and mitochoadri

1.6 Diagnostic structural features of different groups:
1.6.1 General features of prokaryotes as illustrateEscherichia coli. No reference to archaeans is resqlii

1.6.2 General features of the protoctists shouldllgrated through 1) algal protoctists to inctual green and
a brown alga and 2) protozoan protoctists to ineladiliate (ife cycles are NOT required

1.6.3 The animal kingdom (Animalia): definition taclude absence of cell walls, heterotrophy, mygtilit
cephalisation, presence of blastula stage in eWelopmentdnly definition of bastula is required — further
devlopmental stages, unless included below, natired).

CNIDARIA: radial symmetry, diploblastic organigat, thread cells (nematocytes, cnidocytes) witledd
capsules (nematoblasts, cnidoblasts), nervous myste a network of nerve fibres. Examplified by a
Hydrozoan such a®beliawith a polymorphic life cycle with dominant polypage where the medusa stage
has no oral tentacles and a Scyphozoan sugluradia with a dominant medusoid stage having well devedope
oral tentacles.

PLATYHELMINTHES: simplest phylum with consistently biaal symmetry and triploblastic acoelomate
organisation, cephalisation, presence of flamés deletails of function not required ciliated ectoderm.
Exemplified by a parasitic form such as digenetoiatode OR a tapeworm and a free-living forohsas a
triclad.

ANNELIDA: Segmented coelomate organisation; chaeBemplified by an Oligochaete with simple
chaetae and poorly developed cephalisation andlycheete with well devioped cephalisation oftenhwit
cephalic tentacles and parapodia bearing numeitastae.

ARTHROPODA: Tagmatisation; haemocoel, exoskeletahaticulated appendages, compound eyes in most
groups. Exemplified by the following groups:

Crustaceawith two pairs of antennae, normally having g#issociated with paired appendages; exemplified
by an aquatic type such as a crab or a shrimp &adestrial type such as the woodlouse.

Insecta with three distinct tagmata, single pair 81‘ ami@®, three pairs of thoracic walking limbs, gengral
two pairs of wings emerging from the2and 39 thoracic segments and tracheal system; incomplete
complete metamorphosis as exemplified by a locudtaabutterfly respectively.

Arachnida with two tagmata, lack of antennae, simple effgemplified by a spider and a scorpion.

MOLLUSCA: Lack of visible segmentation, presencesbéll in most forms. Exemplified by a Gastropod
normally exhibiting marked torsion and a Bivalveving two hinged lateral shells and reduced cephtdis.

ECHINODERMATA: Secondary radial (pentamerous) symyndass of cephalisation, dermal skeleton, tube
feet. Exemplified by an Asteroid (starfish) witlelwdeveloped “arms” and carnivorous habit and ahirfid
lacking “arms” and generally herbivorous and mdtkapiny.
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CHORDATA: Pharyngeal gill-slits, dorsal nerve cortitochord and post-anal tail as basic charadtesist
Exemplified by the following groups of Vertebrata:

Osteichthyegbony fish), exemplified by a teleost with rayedsf scaly skin, aquatic habit, swim bladder and
gills.

Amphibig with aquatic gilled larvae and air-breathing aslwith lungs.

Reptilia laying cleidoic eggs and with scaly skin.

Aves with forelegs adapted into wings for flying, lasfsteeth, hollow bones, air sacs.

Mammalig with hairy skin and, generally viviparous devetamt.

Internal structural features need only be consideifediagnostic of a group. In the case of vertdbsa the
transition from finned aquatic types to tetrapoasl @f ectothermic to endothermic forms should betimeed
but without going into details for the purposedto$ section.

1.6.3 The plant kingdonhére restricted to the embryophyte®efinition to include presence of cell-walls,
plasmodesmata permitting intercellular exchangastjgs with double membrane and containing chloytieh
a andb (as in the green algae). Should also be stuthedygh examples, so as to illustrate (1) alteomatif
generations and (2) changes that are related fuiatdan to terrestrial life.

Plant groups should include:

BRYOPHYTA: Dominant gametophyte with consequentetef®ence on open water. Exemplified by a moss.
TRACHEOPHYTA: With dominant sporophyte having a wadlveloped vascular system and trend towards
reduction of the gametophyte, thus increasing irddpnce from open water. The concept, with defimitioof
homospory and heterospory. To be exemplified byfdiewing groups.

Polypodiophyta (= Filicophyta; the ferns), Vascular sporophytest still “free sporing” with spores
germinating into simple free-living gametophytesofpalli). To be exemplified by a homosporous feutch
asPolypodiumor Dryopteris.

Pinophyta (conifers), gymnosperm characters, particularlyiepo (containing male gametophyte) directly
reaching the ovule, and “cones” (strobili) of twpés: ovulate (“female”) and pollen bearing (“maleTo be

exemplified by a pineRinus.

Magnoliophyta(angiosperms = flowering plants), angiosperm attara such as enclosed ovules, thus cannot
be reached directly by the pollen, and the flovesrd mixed “cone”); definition of monocot and dico

Wherever possible, locally occurring species shda@adthosen to illustrate the variety within groups.

The system of classification proposed in R.S.K. Ba(gel.) The Diversity of Living Organisms, Blackwell
Science Ltd. 1998, may be used as a guide for éesch

SECTION 2 — CELLULAR ORGANIZATION AND FUNCTION

2.1 Cell structure and function. Prokaryotic and &whtic cells. The structure of a generalized pkamd
animal cell should be understood as revealed Ry liglit and electron microscopy.

Organelles should include the nucleus and nucleaelepe, centrioles, basal bodies, eukaryotic flage
(undulipodia), endoplasmic reticulum, Golgi appasatlysosomes, peroxisomes, mitochondria, chlostgla
ribosomes and cytoskeleton.
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The fluid mosaic model of cellular membranes as akkeby freeze-etchindkifowledge of other cytological
techniques is not requirgd Movement of molecules across membranes. Diffysmsmosis, primary and
secondary active transport, endocytosis includaxgl(iding receptor-mediatazhdocytosisand exocytosis.

Experimental techniques used in cell study , touitheluse of the light microscope, preparation ofpterary
slides, hand sectioning of plant tissues, exanmonabf permanent slides of plant and animal tissussg low
and high power of the light microscope. Animaluesto be examined should include the followinthepa:
squamous, cuboidal, columnar, pseudostratified stratified.

2.2 Basic biomolecules and their role in life preses. The unique properties of water, its dipcédure,
importance as a solvent and its biological sigaifice. Carbohydrates to include monosaccharidekiding
hexoses and pentoses), disaccharides (includimpsicmaltose and lactose) and polysaccharidelding
starch, glycogen and cellulose).

Lipids to include alkonic acids (=fatty acids), pane-1,2, 3-triol (= glycerol), trigylcerides anckihroles as
energy stores.

Phospholipids, hydrophilic and hydrophobic promertiSteroids.

Amino acids, peptide linkages and polypeptide chaproteins. Primary, secondary, tertiary and qonatg
structure of proteins. Importance of shape in pndignction.

Practical work should include chemical tests for ueithg and non-reducing sugars, starch, lipids and
proteins.

Nucleic acids: DNA and RNA.

Vitamins and their roles as co-enzymes, NAADH, NADP*/NADPH, FAD/FADHp and CoA-SH.

Energy rich compounds especially ATP and creatinejpihate.

2.3 Enzymes as organic catalysts. Enzymes workirgplution and as part of membranes (i.e. immobi)ised
Energy changes in chemical reactions and activagimergy. Enzyme structure and function. Formation of
enzyme substrate complexes. Factors affecting d@te of enzyme catalysed reactions. Allosteric @bntr
Competitive and non-competitive inhibition. Feedbaontrol, e.g. phosphofructuose kinase.

Practical work should include experiments to ingste the effect of temperature, pH, enzyme andratbs
concentration.

SECTION 3 — MAINTENANCE OF LIFE

3.1 Nutrition

3.1.1 Autotrophic nutrition. Chemosynthesis andtplgnthesis. Inorganic nutrient requirements ohfda
and their uptake. Synthesis of carbohydrates bytgsigathesis including fixation and reduction of huar
dioxide. Chloroplasts and chloroplast pigments. Tdoroplast envelope, stroma, grana and lamellar

structure. Absorption and action spectra.

Practical work should include chromatography of ebjaast pigments and investigation of the effe€tiéght
intensity and carbon dioxide concentration on taterof photosynthesis.

Light dependent and independent reactions. abbrevgatised should be RUBP (ribulose bisphosphakp 3
(3-Phosphoglycerate) and G3P (Glyceraldehyde 3ygtais).

C3 and C4 pathways as examples of ecological aiilapta CAM plants. Brief outline of photorespirarti
(details of full biochemical pathways not requiyed
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3.1.2  Heterotrophic nutrition. Human nutrition tociude diet, ingestion (to include details of deor),
digestion, absorption and assimilation. Strucamd function of the mammalian alimentary canaltdhigyy of
the ileum wall. The nervous and hormonal controtiazyme release and gut activityofmonal control to be
exemplified by gastrin, CCK and secrgtin

Adaptation of ruminant mammals to their mode ofitioh:

i) dentition, dental formulae and their interpritat

i) alimentary tract, including modifications forutualism

iii) comparison of ruminants with hind-gut fermerstsuch as the rabbit.

Adaptations of carnivorous mammals to their modeudfition as shown by their dentition.
3.1.3  Saprophytic nutrition usiriRhizopusas an example.

Practical work should include the examination ofie of sections of the ileum wall and of jaws tprapiate
types of teeth.

3.2 Transport

3.2.1 Transport systems. The requirement of trahsgetems in multicellular organisms.

3.2.2  Transport in flowering plants. Histology glem and phloem in relation to their roles in tiamd.
Practical work to include the examination of slig&sS. & L.S.) of plant vascular tissues.

3.23  Water relations of cells. Concept of wateteptial {y), pressure potentialyp) and solute potential
(y9) including knowledge and understanding of the fdemy = yp + ys Water uptake in plants.
Transpiration and the factors affecting it. Mesdpby xerophytes, halophytes and hydrophytes. Tensio
cohesion theory of transport in the xylem. Stomatucture and physical changes involved in tbhpining
and closing mechanisms.

Practical work should include the determination @fter potential and solute potential in plant tisspe
measurement of transpiration and water absorpt&nmatal counts.

3.2.4  Translocation of organic solutes in plantsasbflow (= pressure flow) hypothesis. Brief treaitrnof
loading and unloading to include mention of rolgofton pumps.

3.2.5. The Circulatory systems of an insect, adisti a human; these are to be used to explain thaings
of single, double, open and closed circulationsc@ation in mammals. Structure of the mammaliaarte
Histology of cardiac muscle. The cardiac cycle. Tolke of the sinu-atrial node and atrioventriculadeop
bundle of His, and Purkinje fibres. Nervous andniamal control of the rate and strength of heart (ealy

the hormonal control by adrenalin is required).efids, capillaries and veins. Blood pressure anckgjulation
by vasoconstriction and vasodilatiaetails of hormonal control not requirkdComponents of blood.

Tissue fluid and lymph. Interchange of materialsMeen capillaries and tissue fluid. Formation and
reabsorption of tissue fluid. The lymphatic system.

3.3 Respiration

3.3.1 Metabolic rates and factors affecting théfetabolic pathways in cellular respiration. Glycsily/to
include all the stages involved in the process) alglicating where NADH is produced and where swalbst
level phosphorylation takes place. Conversion aupgte to acetyl CoA. An understanding of Krebsleyc
[Names and molecular structures of intermediate aamgds are not examinable where Krebs cycle is
concernedl
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The electron transport chain and ATP generation bycttemosmotic mechanismafmes of electron carriers
not examinable Oxygen as a hydrogen acceptor. Role of inner amigr mitochondrial membranes in
generation of a proton gradient.

Production of lactic acid and ethanol during anbiereoespiration.

3.3.2 Gaseous exchange in plants, insects, behyaind mammals. Histology, structure and functibn o
mammalian lungs. Control of the rate and depthre&thing.

3.3.3  Structure and function of mammalian red 8lgells. Transport of oxygen and carbon dioxide. The
role of respiratory pigments, as exemplified byrhaglobin, in increasing the oxygen-carrying cafyacf the
blood. Dissociation curves of haemoglobin: theladaemoglobin, foetal haemoglobin and myoglolbive
Bohr effect.

Practical work may include use of simple respiromsgtspirometers and estimation of RQ values and thei
interpretation.

SECTION 4 - ADJUSTMENT AND CONTROL

4.1 Homeostasis. The concept of homeostasis anmbtiteol of the internal environment. Control sysseand
the concept of negative feedback. Hormonal comtrblbomeostasis including chemical nature of horrscared
mode of action. The hypothalamus and the pituitéamdy (histological details are not required).

Hormonal regulation of blood sugar levels to indusble of pancreas (insulin and glucagon) and oble
adrenals (adrenalin); diabetes — maturity onsetitgnzbntrol.

4.2 Thermoregulation. Ectothermy and endothermy. ehaal mechanisms of thermoregulation in reptiles.
The role of mammalian skin in thermoregulation. &inal, behavioural and physiological mechanisms of
thermoregulation in mammals. Hibernation and rgssitages in the life cycles of animals.

4.3 The liver and its role in carbohydrate, protaid fat metabolism. Histology of the liver lobule.

4.4 Excretion and osmoregulation. Water and solatarize in a terrestrial insect, in a marine anckshfwvater
teleost, and in a mammal. The role of the mammadidney in excretion, osmoregulation and pH regalati
Urea formation and the ornithine cycladlecular structures are not requiredstructure and histology of the
kidney and the nephron. Urine formation. The looplefle as a countercurrent multiplier and the vasta as
countercurrent exchangers. The role of antidiuteticnone and aldosterone.

The histology of the mammalian kidney should baietlin relation to its homeostatic function.

4.5 The immune system and disease. Defence menignis include humoral and cellular immunity,
immunoglobulins and graft rejection. Adaptive (gifie) defence mechanisms, to include phagocytosis,
complement proteins, Natural Killer Cells (NKC)flammation and fever. White blood cells. Disordefshe
immune system as exemplified by the autoimmuneadisguvenile diabetes and AIDS. Artificial immunity
ABO and Rhesus blood groups in humans. Blood olpttn outline only.

SECTION 5 - RESPONDING TO THE ENVIRONMENT

5.1 The structure and electrical properties of tleeiron. Synaptic transmission, EPSPs and IPSPs and
summation.

The role of neurotransmitters (acetylcholine andadmenaline) and effects of drugs (as illustratedhioptine
and amphetamines) on synaptic transmission. Themewscular junction.

5.2 The autonomic nervous system. Autonomic contblthe internal environment. Sympathetic and
parasympathetic nervous systems.
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5.3 The central nervous system. Gross structuréhefbrain, location and function of the medulla, §on
cerebellum, thalamus, hypothalamus and cerebralispberes to include sensory, motor and association
area9. Structure of the spinal cord as seen in trars&vesection. The reflex arc; monosynaptic and
polysynaptic reflexes.

5.4 Stimulus reception in animals. Sense orgarenasyy transducers and as exemplified by the mdiamma
retina. A brief outline of image processing at te&nal level to include visual acuity and sendéivof rods
and cones. Monochromatic and trichromatic visidhe nocturnal eye.

5.5 Stimulus reception in plants as exemplifiecphgtotropism including the role of auxins.

SECTION 6 - LOCOMOTION AND SUPPORT

6.1 Anatomy and histology of striated muscle: nitydals and sarcomeres. Role of actin, myosin, troposin,
troponin and ATP in muscle contraction.

6.2 Hydrostatic skeletons, exoskeletons and eradefsins: their definition and their roles in sugpand
locomotion as illustrated by an earthworm, an ihsmed a mammal. Histology of compact bone. The
distribution and role of compact and spongy bonih wéference to the femurDetails of synovial joints not
required.

6.3 Supporting tissue in plants. The structurefandtion of turgid parenchyma, collenchyma, sateteyma,
and xylem elements. Their distribution in primaoptrand stem, and in the leaf in relation to theéchanical
functions. Compare and contrast monocot and digpport structures.

Practical work should include recognition of the mdgatures of a generalised vertebra as exemplifigd
lumbar vertebra; histology of supporting tissueplants and of compact bone and striated musciei¢is in
animals.

SECTION 7 — GENETICS AND ITS APPLICATIONS

7.1 Chromosomes and the genetic code.

7.1.1 Chromosome structur® (nclude histongs

7.1.2 Semiconservative DNA replication. The rofehelicase, DNA polymerises, ligases, RNA polyrsera
and Okasaki fragments.

7.1.3 The genetic code. Degeneracy of the genetle. Protein synthesis: transcription and traieslatoles
of MRNA, tRNA and ribosomes; codons and anticodpost-transcriptional and post-translational pretes

7.1.4 Control of gene expression in prokaryafes:lac operon.

7.1.5 Chromosome and gene mutations. Base aledetinsertions, substitutions and inversions. Atady
and polyploidy.

7.1.6 Principles and techniques of gene techiyolog

The principles of genetic engineering illustratedtoy use of restriction endonuclease enzymes exgdgdby
the action oEcaRl and the use of ligases in the formation of relsimi@nt DNA.

Techniques for obtaining the required gene incldde:use of restriction enzymes, direct synthesisrawerse
transcription; selecting the vector and insertiogefgn gene in vector using restriction enzymes lagases;
introducing vector DNA in the host cell and selegtithe transferred cells by using marker genes and
adequate DNA probe. Other methods of introducing foreign DNA in hostis;ek.g. transformation,

10
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transfection, microprojectiles, electroporation andicroinjection, should be appreciated but are not
examinable.

The polymerase chain reaction (PCR) as a methodbaiipging multiple copies of a particular gene.

Methods of analysing DNA organisation: separatiorDblA fragments by gel electrophoresis; detectidn o
fragments using Southern blotting and radioactigregprobes; localisation of genes on chromosomieg us
radioactivein situ hybridisation.

Practical work should include precipitation and sfing of DNA and gel electrophoresis of DNA fragments.
7.1.7  Applications of gene technology:

Pharmaceutical products of gene technology: hunrateip replacement exemplified by the productioh o
insulin by genetically modified microorganisms; adtages over traditional methods of treatment; afse
transgenic animals in “pharming” as exemplifieddg@netically engineered sheep to produdeantitrypsin.

Gene therapy: the use of gene technology to treaétis diseases exemplified by the treatment ofcyBtic
fibrosis).

Applications of gene technology in agriculture: tree of bST in the dairy industry, the productiépest and
herbicide resistant crops, hence producing GMOs.

Genetic fingerprinting and DNA profiling and itsgjgation in forensic work and paternity cases.
Candidates should be able to evaluate the econoamcironmental and ethical implications of the abov
applications of gene technology but these are raitrgnable.

7.2 Nuclear division

7.2.1 Haploid and diploid cells. The cell cycleitddis. The significance of mitosis in growth andtire
formation of genetically identical cells.

Practical work should include preparation of roop tsquashes and identification of the various stagies
mitosis (also from prepared slides)

7.2.3 Meiosis. First and second meiotic divisioBgnapsis, reduction in chromosome number and gdoer
of diversity. The significance of meiosis and randfartilization in gamete and spore formation, andtie
generation of diversity.

Practical work should include observation of microge slides to study stages of meiosis.

7.3 Inheritance

7.3.1 Genes and alleles. Monohybrid inheritancembtrygotes and heterozygotes, dominance and co-
dominance, genotype phenotype. Multiple alleledjgree analysis.

7.3.2 Dihybrid inheritance. Gene linkage, crossioger and chromosome maps. Sex determination in
mammals. Sex linkage, gene interaction, multipleled and polygenic inheritance.

Gene interactions to be exemplified by comb sham®ultry and by an example to show epistasis;tidial
alleles may be exemplified by human blood typedewdolygenic inheritance may be illustrated by the
inheritance of skin pigmentation in man.

The analysis of both monohybrid and dihybrid crossgsg the chi-squared teskt{idents will not be required
to remember the formula for the examinatjon.

Teachers may use The Cambridge Advanced Sciendes lseoks entitled: “Biology 2” and “Applications of
Genetics” as a guide.

11
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SECTION 8 — BIOTECHNOLOGY

8.1 Definition of biotechnology in its broader serts include both traditional as well as moderrtdsibnology
processes.

8.2 Sterile techniques including growth in cultaredia and the production of pure cultures. Gropétierns
of bacteria, unicellular algae and yeasts.

To include knowledge of methods of measuring aulgnowth including cell counts, dilution plating én
turbidity measurements.

8.3. Industrial use of fermenters for batch andtiooms culture: aseptic techniques; agitation, tamra
temperature and pH control; collection of products.

8.4 Large scale use of micro-organisms in thelgetion of beer.

SECTION 9 - REPRODUCTION

9.1 Asexual reproduction. Natural cloning in ptaand animals exemplified by vegetative propagatio
plants bne or two examples excluding histological dgtaihd by binary fission as in protozoans and by
budding as iHydra. Sexual reproduction leading to genetic variatiothe offspring. Transfer of gametes in
relation to habitat. Internal and external feslion.

9.2 Life cycles in mosses, ferns and floweringnigaAlternation of generations. Morphology anthtiee
importance of gametophyte and sporophyte phaseshdiésms for the transfer of genetic material.

9.3 Diversity of floral morphology as illustratdsy an actinomorphic dicot, a zygomorphic dicot and
petaloid monocot. Pollination and fertilisation. #adations for insect and wind pollination. Flowefsthe
Fabaceae (Leguminosae) and the Poaceae (Graminsasepeaialised for insect and wind pollination
respectively. Seed formatioddtails of germination not requirgd

Practical work should include floral dissection, ebruction of floral diagrams and floral formulae.

9.4 Reproduction in humans. Structure and funatibthe male and female reproductive systems oldigy
of the mammalian ovary and testis. Oogenesis ardrsiogenesis. The menstrual cycle. Transfer of male
gametes leading to fertilisation. Implantation.nEtions of the human placenta. Birth and lactation
Hormones in reproduction. Roles of luteinising homa (LH), follicle stimulating hormone (FSH),
testosterone, oestrogen, progesterone, oxytoaiggiin and prostaglandineo(e in menstruation on)y
SECTION 10 - EVOLUTION

10.1 Sources of variation (genetic diversity). @mmous and discontinuous variation. Populationegies. The
gene pool. Allele, genotype and phenotype freqeancihe Hardy-Weinberg equilibrium principle. Fasto
affecting this equilibrium.

10.2 Selection: artificial selection and naturalestion; directional, disruptive and stabilisinglestion.
Balanced and transient polymorphism. Gradualistat punctuated equilibrium modes of evolution. Calfee

extinction.

10.3 Isolating mechanisms. Behavioural and geographsolation. Sympatric and allopatric speciation
Polyploidy Reproductive Isolating mechanisms: PBrgetic and post-zygotic isolating mechanisms.

SECTION 11 — ENVIRONMENTAL BIOLOGY
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11.1 Basic ecological concepts

11.1.1 Defineecology, population, community, ecosystem, biodgipecies, habitat, niche, ecological
species

11.1.2 Explain what is meant by tHBosphereandecosystem diversitand give examples of some major
biomes.

11.2 Population Ecology

11.2.1 Population growth:
Natality, mortality, immigration and emigration.

[A formula relating these is not required. The studeshould simply appreciate how natality and inmatign
result in an increase in population size while rabity and emigration result in a decrease.]

S-shaped growth curves.

The lag, log, deceleration and stationary phases

The carrying capacity of the environment and derditgendent factors.
Biotic potential and its constituents.

J-shaped growth curves.

Population crashes and density-independent factors.

[Symbols r and K to be used for intrinsic rate mdrease and carrying capacity respectively but no
mathematical formulae for growth curves are reqdite

11.2.2 Intraspecific interactions that limit pdgition size: Competition, overcrowding, territoifl

11.3 Community Ecology

11.3.1 Interspecific interactions within a commity:

Allelopathy.

Interspecific competitionThe Gause’s principle of competitive exclusion eliied by experiments with
Paramecium

The fundamental niche and the realized niche exéegbly the interaction betwe&emibalanusnd
Chthamalus

11.3.2 Types of symbiotic relationships:

Amensalism e.g. cattle and ground-nesting birds.

Commensalism: e.g. epiphytes, sessile organishas;figh and clown-fish, cattle egrets

Mutualism: exemplified by nitrogen-fixing bacteiiaroot nodules of leguminous plants, lichens, otthic
mycorrhizae as exemplified by the piBeletusassociation , gut organisms, plants and theirrpattitirs e.g. the
Joshua treand the Yucca moth, Bee Orchid3phrysspp.), Figs ¢nly one example need be covered

[The above-mentioned examples are given only daiustration. Students are free to study other eghas to
illustrate their understanding of the different égpof symbiotic relationships.]

Parasitism: methods of transmission; morphologiglaysiological and reproductive adaptations of pitea as
exemplified by an ectoparasite such as the doddesqutd or Broomrape Qrobanchg and an endoparasite:
the pork tapewormT{aenia soliumn

11.3.3 Predator-prey interactions and cyclicgratt in population growth: Application in biologlgpest
control e.g. the control of white-fly by a paragito

11.3.4 Ecological succession.

Pioneer communities, seral communities and clin@arraunities.

Primary succession.

Secondary succession exemplified by the vegetatialisturbed habitats in Malta.

11.4 Ecosystem Ecology
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11.4.1 Overall structure of ecosystems.
Abiotic components: edaphic and climatic.
Biotic components: producers, primary consumeghdt consumers, detritivores and decomposers.

11.4.2 Energy and carbon sources for organisms.
Phototrophs and chemotrophs, autotrophs and hedphst
Food chains and food webs.

11.4.3 Ecological pyramids.
Pyramids of numbers, biomass and energy.

11.4.4 Production ecology.
Energy flow in ecosystems.

[Students are expected to define gross primary ptimtuand net primary production, and calculatedbe
values from given data. They should also be ableaidk out the efficiency of energy transfer betwieephic
levels]

11.4.5 The biogeochemical cycles.
The carbon cycle.
The nitrogen cycle and the role of different typésail bacteria.

11.5 Local Ecology

11.5.1 Maltese habitats and vegetation types:
Vegetation of the garigue, maquis and wood, stegmpkthe disturbed areas.

An appreciation of specialised habitats e.g. silifés and screes, watercourses.
Coastal vegetation: maritime garigue, salt marshed sand dunes.

11.5.2 The effects of human activity on the localiemment.
Students should be able to discuss the effectgaste disposal, deforestation and afforestation, #e
construction industry on the Maltese environment.

11.6 Global Effects on the Environment

11.6.1 Development and climate change:
Ozone depletion, greenhouse effect and acid rain.

11.6.2 Water pollution:
Sewage: inadequate treatment leading to contammafiwater and depletion of oxygen (BOD);
Eutrophication and algal blooms.

11.7 Ecological techniques
11.7.1 The capture-recapture method for estimatmgal population size.

[Students should be able to understand the undeglgssumptions of this Index.]

11.7.2 Definerandom sampland describe one method of random sampling usednpare the population
numbers of two plant species based on the quadtiomh.

11.7.3 Present ecological data in table form and evalgetphical presentations of ecological data.

11.7.4 Analyse data by working out species frequency, isgedensity, and species cover. Use of the t-test
to compare means between two independent samples.

[Estimates of species cover should be carried ountgugrid quadrats.

11.7.5 Compare two areas by calculating spettibaess and species diversity estimated by Simgson
Index.
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[Students are not expected to remember the Sinfpsomla but they should know how to calculate viegi a
set of data and the formula and how to interpretitidex.]

11.7.6 Line transects and ladder (belt) transects.

BIOLOGY TEXTS — A TEACHERS’ GUIDE

Textbooks
Audesirk, T. & Audesirk, G. & B. Byres (2006Biology: Life on Earth.Prentice Hall.

Baker, M., Indge, B. & Rowland, M. (2002)A New Introduction to Biology & Further Studies in Rigy.
Hodder & Staughton.

Jones, M., Fosberg, R. & Taylor, D. (2000Cambridge Advanced Sciences — Biology 1 &ambridge
University Press. (Including Biology Option Titles)

Purves, W.K.; Orians, G. H. & Heller, H.C. (1993)ife: the Science of Biolog$" edition or later). Sinauer
Associates.

Knox, B., Ladices, P. & Evans, B(eds) (1994 and later editions). Biology McGraw-Hill Book Company.

Soper, R. (ed.)Biological Science€3™ or later edition). Cambridge University Press.

Reference source works for Local/Mediterranean Bionversity and Environmental issues
Blamey, M. & Grey-Wilson, C. (1993)Mediterranean Wild FlowerBlarper Collins.
Burnie D. (1995),Wild Flowers of the MediterranearEyewitness Handbooks - Dorling Kindersley.

Haslam S.M. & Borg J. (1998).The River Valleys of the Maltese Islands: Environnaertt Human Impact.
Islands and Small States Institute, FIS, Malta &EAM, Italy.

Lanfranco, E. & Lanfranco, G. (2003).1l;Flora Maltija. Kullana Kulturali. PIN. Malta.
Lanfranco, S. (2003}),-Ambjent Naturali tal-Gejjer Maltin. Kullana Kulturali. PIN, Malta.

Riedl, R. (1991),Fauna e Flora del Mediterranesanco Muzzo Editore, Padova.
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Schembri, P.J. & Baldacchino, A.Ellma, Blat uHajja, is-sisien tal-ambjent naturali Malti, [it- ¢ini edizioni
riveduta]. (1998). Malta University Publishers Ltd.

Sultana J. & Falzon V. (eds.\Vildlife of the Maltese Island$1996, reprint 2001). Environment Protection
Department (reprint: Birdlife Malta & Nature Trust).

Schembri, P.J. & Lanfranco, E. (1993)evelopment and the Natural Environment in the Malteslandsin:
D.G. Lockhart, D. Drakakis-Smith & J. Schembri — Thevelopment Process in Small Island States: 247-266
Routledge, London & New York.

Vujicic R., Lanfranco E., & Vella A. (eds.), SOS for Maltese Flora Proceedings of a National Seminar
1999. Department of Biology, University of Malta.

Selected papers from tH#roceedings of the Atmospheric Pollution Seminat9th April 1999”, Malta,
Physics Department, University of Malta (availaalehe University library for reference).

SUPPLEMENTARY NOTE ON BIOLOGICAL DIVERSITY

Biological diversity refers to the variety of life all its forms, levels and combinations. It maydxpressed at
three levels: ecosystem diversity, species dityeasid genetic diversity.

Ecosystem diversity refers to the variety and fregyeof different ecosystems such as marine coasts,
grasslands and forests.

Microorganisms, plants and animals are the liviaponents of an ecosystem. They interact with etteéro

in for example, food webs, and with light, watdr, minerals and nutrients. These interactions laechiasis of
an ecosystem’s ‘functioning’ which together witte tfunctions of other ecosystems, provide ‘serviegsin
which all life on earth depends. These servicesud®l maintaining atmospheric composition, nutrient
recycling climate regulation. pollination and sfoitmation.

Ecosystems are threatened by development projemidtah loss and fragmentation from urbanizatioagéy;
introduction of alien species, and global atmosigheltanges such as climate change and stratospimne
depletion. Air, water and soil pollution are thejanahreats in the industrialized world.

Species diversity refers to the frequency and ditserof different species including domesticated an
cultivated ones. A species represents a groupgainisms which have evolved distinct inheritabldéufess and
which occupy a unique geographical area. Specieallysdo not freely interbreed with other species &
number of reasons. In addition to being a bioldgamcept, the term species can be used in a taxicno
sense: it is one of the levels used by biologistddscribe the hierarchy of the forms of life atrapts to
reflect evolutionary descent.

Genetic diversity refers to the genetic differentedween individuals within a population and betwee
populations of a single species. Genetic diveraltgws species to adapt over time to the environaten
stresses they face. Loss of individuals and pomulatnarrows the gene pool of a species and resttict
adaptational or evolutionary options. Genetic ditgrhas been used by humans for thousands of years
especially in agriculture.

Farmers have domesticated wild animals and have thvem for desirable characteristics such as sizat
thickness or disease resistance. Similarly, plaatse been bred for seed colour, flavour, fruit sizelisease
resistance. Modern plant and animal breeding téodsarrow down their genetic diversity and makenthe
susceptible to disease. This happened for exampteta@ Asian hybrid rice crop which became susbépto
Grassy Stunt Virus. Luckily one small populationrefated wild rice provided the gene for resistatathis
disease and saved the crop.

SUPPLEMENTARY NOTE ON STATISTICS

16



AM Syllabus (2008-2010): Biology

The following are conditions for using various stttial tests.

t-Test (Independent samples)

1. Interval level data.

2. Independent samples

3. Populations should be approximatelymaily distributed.

4, Populations should have approximatetysame standard deviation.
5. Samples contain less than 30 valuels.eac

Degrees of freedom (df) for the two samples éstthial number of samples minus two.
t-Test (Matched samples)

1. Matched paired samples

2. Interval level data

3. Population of differences should be redlyrdistributed.

4. Samples contain less than 30 values.

Degrees of freedom = df= (numbers of paifvalues) —1

Chi-Square () Test

1. Nominal level data

2. The expected frequency should not fdbwes in more than 20% of the cells.
Degrees of freedom = df = (number of column§)
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