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Biology AM 05 (Available in September
Syllabus Paper 1(3hrs) + Paper II(3 hrs) + Paper Il1(1% krBaper IV: Practical(1% hrs

The syllabus content is divided into 12 sectionsicl constitute the syllabus cordld options are required

The material covered in this syllabus presumesel lef competence in the subject equivalent to ¢éxpected
at Secondary Education Certificate (SEC) level.

Aims
To develop an understanding of biological fact8)qples and concepts.

To promote an appreciation of the importance otolrtion and experimental work in the study of gyl

To train students to understand. select, orgamdeaaalyze relevant information and to communicieas
coherently.

To help generate conceptual and practical skills @esult of involvement in scientific activity and
experimentation.

To inculcate in students a respect for all formBfefand a respect for the uniqueness of individuganisms;

To consider ethical issues to help raise awarerfdbe decisions, which may be taken at a persamdwider
national and international level, relating to tfileets of human activities and the use and mantpuriaf
biological systems.

To promote an interest in, and enjoyment of thdstf life processes and living organisms.

To develop an understanding of the technologicpliegtions and of the social, economic and envirental
aspects of biology.

Scheme of Assessment

The examination will consist of four papers. Ingb@apers the learning objectives will be as fallow
Knowledge of facts and theories;

Comprehension of this knowledge;

Application of knowledge to new and concrete situag;

Ability to analyze the subject matter and to dedudationships between its component parts;

Synthesis of the above components into new and imgfahrelationships;

Evaluation of material using coherent and exptidieria.

Mathematical skills: to include the ability to diap and interpret data in the form of bar graplstograms, pie
charts and graphs, and scatter diagrams; a know/keald application of the following concepts: catien,
normal distribution, mean and standard deviatioohability levels. Use of Chi Squared and Studentést as

specified in Section 8.3.2.

Students should know how to work out t-test and &fuared test and their interpretation (excludivey t
expectation of working out standard deviation oneoong calculations).
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Use of the diversity index as specified in Sectidr6.4.

N(N—1)

: . ) —1
Simpson’sreciprocalindex: =

where N = the total number of organisms of all sggeand n= the total number of organisms of a paer
species.

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

Paper I- 3 hours
This will consist of a number of compulsory struetiquestions covering any section of the syllaibhs.
guestions will test both simple recall of infornuatias well as application of biological principles.

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

Candidates will be required to answer one compulgoestion in Section A, which will involve
comprehension and analysis of scientific data.

They will be required to choose two out of four giens in Section B which will be of the essay type

Section C will cover any section of the syllabuswehcandidates will be required to answer one b
questions. These will be structured essay questions

In Essay writing marks will be awarded for logiflalv of ideas, scientific content, and adequatectiring of
the essay, to include introduction and conclusion.

Paper Il - 1.5 hours
Paper Il will be based on practical work relatedte theory sections of the syllabus.

It will consist of a number of compulsory questialesigned to test the candidates’ experience atipeh
skills, techniques and investigations, data anslgsiwell as their ability to use particular iteshtaboratory
equipment.

Questions will test the ability to observe accusatmake drawings of biological material from phgtaphs or
diagrams and to demonstrate an understanding dfigathtechniques relevant to the syllabus.

Candidates will be tested on their ability to ptard to carry out laboratory experiments, to deaign
investigation and to record and interpret the tesaldtained. They should show an ability to evaduheir work
critically and to suggest improvements to the tégines used.

Candidates may also be required to use or congtitlubtomous keys and to classify organisms in iatamace
to Section 1 of the syllabus.

Paper IV -1.5 hours

Candidates will be allowed to proceed with thisgragnly if they submit to the examiners their anigi
laboratory and practical reports which have beep@ry certified by their tutors (See section oaddcal
Work below). These practical reports will be markgdMATSEC examiners so that a 10 mark allocation i
given according to the quality of the practical idmwok(s) as described below.
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This practical hands-on part of this paper willohwe experimental work and observations to be edrout in
laboratory. It will consist of one question — invinlg an experiment to test the ability to folloviotaatory
instructions, to design experiments, to make ad¢ewlaservations, to record their observations in an
appropriate manner and to interpret and analyzeraxgntal data.

Candidates are expected to bring their disseciipmitch and calculator to the examination.
Practical Work and Practical Workbook(s)

Both laboratory and field work should form the Ilsasi the course. Candidates are required to suhmiit
original practical reports (workbook(s)), propecbrtified by their tutors, to be examined by the M3EC
examiners, to the MATSEC Office or as instructedilgiven date. They will not be allowed to procesith
Paper IV if they fail to do so, or if they fail satisfy the examiners that these practical reogsheir own
original work. 10/50marks will be allotted to theadity of the practical workbooks@nsisting of a minimum
of 25 practicalyin the following manner:

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

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

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

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

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

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

Summary of the whole examination assessment procedu
The whole examination assessment procedure is stinatdelow:

PAPER TIME MAX %MARK

I 3hr 10C

Il 3hr 10C

[l 1.5hr 50 (Written practica-baseiexam

v 1.5hr 50 (Experiment exan (40) + Practica waorkbook (10))

The table below shows the estimated percentagehimgjdor each respective syllabus area or moduhesé
estimated values are intended to offer some guaaado the amount of time to be allotted to eactiute and
to the approximate overall weighting to be givethtese areas in examination papers I, Il and Ill.
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Sectior number: Topics Percentege weighting
per module in papersl,
Il 'and 11l

1 Variety of living organsms 10

2 Biochemistry

3 Cellulai functior and organisatio 11

4 Maintenanc of Life — Nutrition, transpoil anc respiraton 18

5 Adjustmen anc Control - Homeostasi (harmona control

thermoregulation, liver, excretion, osmoregulatang the immune system
6 Respondin to the Environnent ( Nervou: systen anc Stimulus receptiol in 19

animals and plants)

7 Locomotior anc Suppor

8 Genes Cell Division anc Genetics 13

9 Reproductio in Plants anc Animals (hurran)

10 Evolutior

12  Biotechnolog: 19
11  Environmente Biology 10
All Section: 10C

Percentage time spent per module should includeathing objectives included under scheme of assest.

A minimum of 25% of the marks of the overall exaatian (papers I, 11, lll and 1V) will be dedicatéalwards
higher order thinking skills such as data analysigithesis and problem solving situations as inditan the
scheme of assessment.

SYLLABUS

The following sections of the syllabus are not ni¢arbe treated separately and independently df etieer.
On the contrary, the teaching of Biology should ainthe appreciation of unified biological prin@pl

SECTION 1: Biodiversity of Living Organisms

Topic Subject Content Knowledge expectec
1.1 Geneal 1.1.1 Biologica An understanding of the termr biologica diversity as the variety of life in all
principles of | Diversity its forms, levels and combinationSde supplementary note at the end

classification

syllabug.

This understanding may be expressed at three lespécies diversity
ecosystem diversity and genetic diversity.

1.1.2 Specie concept

Definition of specie accordng to the biologica sgecies concept

Principles of systematics and biological noot&ure. Terms to b
included are: Kingdom, phylum, class, order, famignus and specie
(terms such as clade or cladogram are not expected).

Use of and construction of dichotomous keys to tifieorganisms.

of

n o
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1.1.3 Viruse anc
virions

Structureof viruse:using a becteriophag anc aretrovirus as examples
Main distinguishing features between viruses aviddj organisms.
Details of lytic and lysogenic life cycles are e,

1.1.Z The mair
characteristics of the
five kingdoms

Prokaryote Protoctista Fungi; Plantaranc Animalia

Classification is human based and not a self-eshbt natural condition.

Thus it must be appreciated that it is only as aata as the curren
knowledge of each group of organisms allowkree domain system
classification is not required.

1.2
Classification

1.2.1 Thimeanin(of
and evolutionary
significance of the
following terms:

i) prokaryotic anc eukaryotit cells

i) endosymbiotic origin of plastids and mitochoiadr
iii) radial and bilateral symmetry

iv) diploblastic and triploblastic organisation

v) acoelomate and coelomate body plans

vi) metameric segmentation

vii) jointed appendages

viii) the pentadactyl tetrapod limb

ix) transition of gills to lungs

X) cleidoic egg

D

£S

1.3 1.3.1Prokaryoti Genere feature of prokeryotes as illustrated by Escterichia coli. No
Diagnostic reference to archaeans is required. Students shdnddaware of th
structural existence of the two types of bacteria: gram pesiind gram negativ
features of bacteria
different
groups 1.3.2 Protoctisi Genere feature of the protoctist: shculd be illustratec thrcugh:
i) algal protoctists to include a green and a bradga and
i) protozoan protoctists to include a ciliatgfé cycles are NOT required
1.3.3 Fungi General features of fun@tudents are to appreciate that moulds g
mushrooms are multicellular while yeasts amgicellular fungi (Life
cycles are not required).
1.4 1.4.1 Definition of ar | Definition to include absence¢ of cell walls, heterotrphy, motility,
The animal animal cephalisation, presence of blastula stage in eddyelopment dnly
kingdom definition of blastula is required — further devptoental stages, unle
(Animalia) included below, are not requirid
For this section, diagnostic features should betdidhto visible externg
characteristics only.
Life cycles are not required unless specified. Motiéfe is to be limited
to external features only.
The diversity of each phylum is to be appreciateddierence to exampl
of animals from different subgroups. However sttslare expected f
know the external features as related to functibrObILY those animal
specified under each section.
1.5Major 1.5.1 CNIDARIA Radia symmetry diploblastic organisatior nervou: sysem as a networlk
groups within of nerve fibres, the stinging cell or cnidocyte ifmblast when stil
the Animal developing) which discharges its thread organelied@) once the trigge
Kingdom (cnidocil) is stimulated.

Exemplified by a Hydrozoan such @beliawith a polymorphic life cycle
with dominant polyp stage where the medusa stagenbhaoral tentacle

-

[

and a Scyphozoan suchAsrelia with a dominant medusoid stage havi
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well develope oral tentacles

152
PLATYHELMINTHES

Simples organism with corsistently bilatera symmery anc triploblastic
acoelomate organisation, cephalisation, ciliateddsrm.

Exemplified by the external features of the tapewas a parasitic form
and a free-living form such as a triclad.

1.5.3 ANNELIDA

Segmented ccomate organisation; chaetae. Exemplified by ar
Oligochaete with simple chaetae and poorly develapphalisation and
Polychaete with well developed cephalisation oftétin cephalic tentacles
and parapodia bearing numerous chaetae.

Q

1.5.4 ARTHROPOD:

Tagmatisatior exoskeleon anc articulatet appendages, corounc eye:in
most groups.

(Note: Arthropoda may be treated as a monophyletic groupsoa grade
of organisation; students are not expected to ktft@vmeaning of the term
“monophyletic”.)

Exemplified by the following groups:

1.5.5 Crustace

With two pairs of antenna¢ normally having gills assocatec with pairec
appendages; exemplified by an aquatic type suehcaab and a terrestria
type such as the woodlouse.

1.5.6 Insect

With three distinci tagmate single pair of antennac three pairs of thoracic
walking limbs, generally with two pairs of wings erging from the 2nd
and 3rd thoracic segments and tracheal systemmiplete and complete
metamorphosis as exemplified by a locust and aebiyttrespectively
(Detail of mouthparts are not requirgd.

1.5.7 Arachnid:

With two tagmata lack of antennae four pairs of legs, simple eyes
chelicerae and pedipalps; exemplified by a spider.

1.5.8MOLLUSCA

Lack of visible segmentatior presenc of shel in mos forms
Exemplified by a Gastropod normally exhibiting arapshell. (Torsion is
not required.

15.¢
ECHINODERMATA

Secondry radia (pentamerou: symmetry loss of cephalisatior dermal
skeleton, tube feet. Exemplified by an Asteroidarfish) with well
developed “arms” and carnivorous habit and an Egtitacking “arms’
and generally herbivorous and markedly spiny.

1.5.1(CHORDATA

Pharynge: gill-slits, dorsa nerve cord notochor( anc post-ana tail as
basic characteristics.

Definition of Vertebrata as having a vertebral cotly pectoral and pelvi
girdles (for attachment of fins or limbs), jawsgetcranium, sense organs
(paired eyes, ears and olfactory organs) and adeskloped closed blogd
vascular system.

Exemplified by the Vertebrata group of:

Mammalig with hairy skin and, generally viviparous devetognt.
Internal structural features need only be consideit diagnostic of a

group.

[¢)

While only external features of mammals are requisgudents are to he
made aware (e.g. through the use of a flow chdrttloer vertebrates such
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as fish, amphbians reptiles and birds in view of the evolutionan trends
shown in vertebrates towards adaptation to a terigs mode of life.
(Recall details mentioned in evolutionary trends\ako

1.6 ThePlan | 1.6.1 Diagnosti The plant kingdorr (here restrictec to the embryojhytes). Definition to

Kingdom structural features include presence of cell-walls, plasmodesmata pgéngi intercellular

(Plantae) exchange, plastids with double membrane and cadntaichlorophyllsa
andb.
Should also be studied, through examples, so dkistrate (i) alternation
of generations and (ii) changes that are relatealdtaptation to terrestrial
life.

1.7Themajor | 1.7.1 BRYOPH\TA Dominant gametophyt¢ with consequen dependenc on open water

groups within exemplified by a moss.

the Plant

Kingdom

1.7.2
TRACHEOPHYTA

With dominan sporgphyte havin¢ a well develope vascula systen anc
trend towards reduction of the gametophyte, thusesing independeng
from open water.

D

The concept, with definitions, of homosporydaheterospory. To be
exemplified by the following groups.:
« Polypodiophyta(= Filicophyta; the ferns), Vascular sporophytes
but still “free sporing” with spores germinatingansimple free
living gametophytes (prothalli). To be exemplifiedy a
homosporous fern such Bslypodiunor Dryopteris.
e Magnoliophyta (angiosperms = flowering plants), angiospérm
characters such as enclosed ovules, and the flogefinition of
monocot and dicot.

Wherever possible, locally occurring species shdddhosen to illustrate the variety within groups.
The system of classification proposed in R.S.Kn8&a(Ed.) The Diversity of Living Organisms, Blaekw
Science Ltd. 1998, may be used as a guide for &zach
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Sectior 2- Biochemistry (Basic biomoleculesand Enzymes’

Topic

Subject Content

Knowledge expecte(

2.1Basic
biomolecules

2.1.1 Wate

The dipole nature; an awareness that the colleefieet of the hydogen bonds is
responsible for the unique properties of water eldimd by importance of water
as a solvent and its biological significance. Anerief mention of the other
biologically significant properties of water.

2.1.2 Carbohydrat

Monosacharides:

pentoses (ribose, deoxyriboskstail of structures not examinable

hexoses (glucose, fructose and galactose), bagination between the structures
of a-glucose ang —glucose.

Disaccharides: (maltose, sucrose, lactose); ¥@bgidic linkages exemplified by
maltose.

Polysaccharides: Basic structure of starch, cedkibnd glycogen related to
function.

2.1.3 Lipids

Formation of triglycerides from alkanoic acids {ya&cids) and propane-1,2,3 trio
(glycerol). Their main role as energy stores. Pho$ipids: hydrophilic and
hydrophobic properties in formation of membranes.

Steroids: cholesterol, steroid hormones and Vitain{iDetailed structure is not
required but only the skeleton of a steroid ast@seomplex rings of carbon
atoms.)

2.1.4 Protein

General structure of an aminoacid to include défieproperties of R groups and
cysteine and methionine as examples of S- con@Rigroups; peptide linkage;
primary structure; secondary structure to includeelix andp-pleated sheet;
tertiary structure involving H-bonding, ionic bondissulphide bridges and
hydrophobic and hydrophilic interactions; quateyrstructures of proteins.
Importance of shape in protein function: fibroustpins have a structural role e.g.
collagen; globular proteins mostly function as eneg, antibodies and hormones
e.g. insulin.

Practical work: Chemical tests for reducing and reducing sugars, starch,
lipids and proteins.

2.1.5 Nucleiracids

Nucleotides condense together by means of a phdgster bond to form a
polynucleotide having a 5’'end and a 3’end.

5 different nitrogenous bases: pyrimidines andrmsi

DNA: awareness that adenine and thymine have 2olggdrbonds and cytosine
and guanine have 3 hydrogen bonds.

The structures of DNA, mRNA and tRNA only in suféint detail to provide an
understanding of their roles in coding informatand in protein synthesis. (Details
of r-RNA structure is not required)

2.1.6 Vitamin:anc
their roles as co-

NAD/NADH; NADP/NADPH; FAD/FADH, and conzyme A

enzymes
2.1.7 Energrich ATP and creatine phosphate.
compounds
2.2 Enzyme: 2.2.1 Organi Enzyme structure and function; Energy changesiémical reactions and
catalysts activation energy: lowering of activation energyotigh the formation of an

enzyme-substrate complex.

2.2.2 Sitiof enzyme

In solution and as part of cell membranes or orij@ameembranes.

2.2.3 Factol
affecting rate of
enzyme catalysed

TemperaturepH, enzyme and substrate concentration.

Practical work: Experiments to investigate the efffef the above factors.

reactions

2.2.4 Enzym Competitive and nc-competitive inhibition. Diffeences t(include definitiat anc
inhibition graphs.

2.2.5 Allosteri Their role in regulating metabolic pathways by riegafeedback inhibition as

enzymes

exemplified by phosphofructokinase.
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Sectior 3: Cellular function and organisation

Topic Subjeci Content Knowledge expectec
3.1 Cellstissue 3.1.1 Introductio of organistionin Awarenes thai cells form tissues whichin turn
and organs living organisms make up organs and organ systems. A brief men

of principal types of tissues for practical work
purposes.

tion

3.2 Cell structure
and function

3.2.1 Thecell as the basic unit of living
things.

Compariso of the principa feature: of prokeryotic
and eukaryotic cells.

The structure of a generalised plant and animaél ¢
as revealed by both light and electron microscop
Organelles should include the nucleus and nuclg
envelope, nucleolus, centrioles, basal bodies,
eukaryotic flagella (undulipodia), endoplasmic
reticulum, ribosomes, Golgi apparatus, lysosom
peroxisomes, mitochondria, chloroplasts and
cytoskeleton.

el

par

3.2.2 Thefluid mosaicmode of cellulai
membranes.

Structureas revealel by freeze etching (knowledge
of other cytological techniques is not required).

3.2.3 Movemer of molecule across
membranes.

Diffusion, osmaois, facilitatec diffusion. primary
and secondary active transport, endocytosis
including receptor-mediated endocytosis and
exocytosis.

(The use of the equatign = ¢s + ¢ ,is
required; description of hypertonic, isotonic and
hypotonic solutions on the effect of cells is
expected).

Practical Work: The use of the light microscope
preparation of temporary slides, examination of
permanent slides using low and high power of th
light micoscope.

Plant tissues should include parenchyma,
collenchyma, sclerenchyma, xylem vessels, phlo
sieve tubes and companion cells. Animal tissues
should include the following epithelia: Squamous
cuboidal, columnar, ciliated, pseudostratified and
stratified epithelium.

11%

10
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SECTION 4: Maintenance of life (Nutriti on, Transport and Respiration)

Topic Subjeci Content Knowledge expectec
4.1 Nutrition | 4.1.1 Autotrophi nutrition. | Autotrophicnutrition: synthesi of ar organiccompouncfrom ar inorganit
in Plants source of carbon.

Chemosynthesis: using the oxidation of inorganitemges as a source of
energy; photosynthesis:using light as a sourcenefgy.

4.1.2 Detall of leaf anc Descriptior of the interna structure of a dicotyledonou leaf; the locatior of
chloroplast structure and | the palisade tissue. Functions of leaf in relatmatructure.
their roles

Structure of a chloroplast as revealed by eleatmamoscopy. To identify
the envelope, stroma, grana and lamellar strucTime location of the
chloroplast pigments. The role of chloroplast pigts€chlorophylla andb
and carotenoids in converting light energy intorolwl energy; primary
and accessory pigments)

Distinction between absorption and action spectra.

4.1.3 Detail of Light-depenent reactior to include cyclic anc nan-cyclic

Photosynthesis photophosphorylation in the production of reducexD®* (NADPH + H")
and ATP; the evolution of oxygen. Role of the electtransport chain in
ATP generation by chemiosmosis (names of carriersiat required).

Light-independent reaction to include the fixatafrcarbon dioxide onto a
5C compound (ribulose bisphosphate — RuBP) to 8ipbhosphoglycerate
(3PG). The use of reduced NAD&nd ATP from the light-dependent
reaction in the synthesis of carbohydrate (glycktayde 3-phosphate —
G3P) from 3PG. The regeneration of RuBP.

4.1.< Factor: affecting The effeci of light intensity anc wavelengtl calbon dioxide concentratiol
Photosynthesis and temperature on the rate of photosynthesis.

The concept of limiting factors; compensation point

4.1.5 C;anc C, Plant: Csanc C, Plarts:
Photorespiration details of full biochemical pathways not requiyed
Cs; and G pathways as examples of ecological adaptation. @/evits.

Comparison of the internal leaf structure @f&S compared to that of thg G
leaf. The two types of chloroplasts in al€af.

Practical work stould include chromatcgraphy of chloroplasi pigment and
investigation of the effects of light intensity aradbon dioxide
concentration on the rate of photosynthesis.

4.2 4.2.1 Heterotroph Definition of heterorophic nutrition.
Heterotrophic| nutrition Description of the structure of the human alimentamal in relation to
nutrition digestion and absorption; histology of the ileuniyta include the

mucosa, submucosa, muscle layers and serosa.

The sources and effects of secretions concerndcthétdigestion of
carbohydrates, lipids and proteins.

The nervous and hormonal control of enzyme relaadeggut activity
(hormonal control to be exemplified by gastrin, C&id secretin

11
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4.2.2 Adaptatiorin
herbivorous and
carnivorous mammals

Adaptatior of ruminan memmals to their mode of nutrition:

i) dentition;

i) the 4- chambered stomach of the alimentaryttiacluding mutualistic
interactions;

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

Adaptations of carnivorous mammals to their modeutfition as shown by
their dentition.

Practical work stould include the examnation of slides of section: of the
ileum wall and of jaws to appreciate types of teeth

4.2.% Saprophyti nutrition

Definition of safrophytic nutiition, using Rhizojus as ar example

4.2 Transpor
in plants

4.3.1 Transpo system

An understanng of the neec for transpor system:in relatior to size anc
surface area to volume ratio; the concept of massds seen in the
mammalian circulatory system and translocationif@efas movement of
solutes in phloem) in plants.

4.3.2 Transpo in flowering
plants

Histology of xylem anc phloen in reletion to theit rolesin transport

Practical workto include the examiration of slides (T.S & L.S.) of plant
vascular tissues.

4.3.3 Water relations of
cells

Concep of watel potentia (y), pressur potentia (yp) anc solute potentia
(ws). Recall Section 3.2.3.

Water uptake in plants to include transpiratiorii&sion-tension
mechanism, root pressure, apoplast, symplast acnubler pathways.

Uptake of mineral ions by roots. . The functiomdfate, phosphate and
magnesium iongMineral deficiency symptoms are not required)

4.3.£ Stomat;

Structurcanc physica changesin stomate involvecin their opening
and closing mechanisms.

4.3.E Factor: affecting
transpiration

Factor: affecing transpiratiol to include climatic factor: (light intensity, air
currents, humidity, temperature) and structurapgataons.

4.3.€ Leaf modification:

Definition of mesophyte: xerophytes haloghytes anc hydrcphytes
Adaptations of xerophytes as exemplified\dgrram grass and adaptation
of hydrophytes as exemplified BNymphaedwaterlily) and a locally
available totally submerged hydrophyteEmgeriaor Elodea (available in
pet shops)Note:Egeria- hydrophyte with aerenchyma, very thin leave
minimal xylem with vascular tissue in the centréower on surface of
water.

12

n

Practical work stould include the determiration of watei potentia and
solute potential in plant tissues.

Practical work should include measurement of trarajwn and water
absorption; stomatal counts.

4.3.7 Translocatic of
organic solutes in plants

Mas«flow as expléanec by the pressur flow mode in the translocaion of
phloem. Loading and unloading to include the relatf the structure and
arrangement of sieve tube elements, companionamtidransfer cells to

12
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the movemer of organicsolutes; mentic of role of protor pumpsin
outline only.

4.4 Transpor
in animals

4.4.1 Circulator system

Definitions of open closed single anc double circulatior as founcin
insect, fish and human.

4.4.2 Characteristi of
circulation in mammals

Characteristic of circulatior in mammals closecanc double
Appreciation that efficiency of a circulatory systelepends on pressure
differences and fast blood flow, which lead to pteencentration gradient
and more efficient diffusion across the exchangtasa.

Advantages of the double circulation.

An understanding of the outline functions of thecglatory system in
mammals, in the transport of respiratory gasesabudites, metabolic
wastes and hormones.

4.4.3 Structur anc functior
of the mammalian heart

Structure¢ of the mammaliarheart Histology of cardiac muscl

The cardiac cycle. Pressure curves in the leftri@datand the aorta. Volum
changes in left ventricle. Appreciation that pressa the right ventricle is
lower than that of the left ventricle. Cardiac auttps a function dfieart
rateand stroke volume; effect of exercise on cardigpuat.

The role of the sino-atrial node (in myogenic stiation) and
atrioventricular node, bundle of His, and Purkifitees.

Nervous and hormonal control of the rate and stteafjheart beat (only
the hormonal control by adrenalin is required).

4.4.4 Structur of blooc
vessels and blood flow
characteristics

Organizatiol of blood vessel into arteries arterioles cepillaries, venule:

and veins. Structure of arteries, capillaries agids. Characteristics of
blood flow in arteries: pulsatile and continuouses3ure changes in
arteries, capillaries and veins. Blood flow throwgims: describe the effect
of skeletal muscle contraction on venous blood flow

Regulation of blood pressure by vasoconstrictiahaasodilationdetails
of hormonal control not required

Measuring blood pressure and interpreting an EC@ HOT expected

4.4.5 Bloodtissue fluid anc
lymph

Component of blood Descriptior of the compositior of blood a: plasm:
and blood cells, to include erythrocytes and leytes (neutrophils,
eosinophils, monocytes and lymphocytes) and platele

Adaptations of erythrocytes to transport of oxygeecall structure and
function of leucocytes (Section 5.6). Appreciatodrfiormation of red
blood cells from stem cells in bone marrow duehwéffect of
erythropoietin.

Tissue fluid and lymph. Formation and reabsorptibtissue fluid:
interchange of materials between capillaries asglig fluid in terms of
hydrostatic pressure and osmotic pressure.

The lymphatic system: basic structure (to includssels, glands and
connections with the cardiovascular system) andtfans.

Practical work to include the microscopic examioatbf stained
blood films and the identification of cells.

4.5
Respiration

4.5.1 Metaboli pathways
in cellular respiration

Introductior to metabolicpathways the concept of a metébolic pathway as
a sequence of enzyme-controlled reactions; rewalidles of enzymes in
the control of such pathways, as exemplified byspiofructokinase

(Section 2.2.5); anabolism and catabolism; undedstiae significance of
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ATP in metabolisn as the immediatt supfly of energ: for biological
processes.

Metabolic rates and factors affecting them.

Respirometer - its use to find rate of respirafitsuse to find RQ and
interpretation of RQ are not expected)

4.5.2 Cellularespiratiol

Cellulairespration: the conversior of monosacharide:to pyruvate during
glycolysis; the phosphorylation of hexose molecutesakdown to
glyceraldehyde-3-phosphat&3P); oxidation to 3-phosphoglycerate (3P(
(GP) with the production of reduced coenzyme (NAPH); ATP as a
result of substrate level phosphorylation. (Rettalrole of PFK as an
allosteric enzyme, in the control of ATP productidetails of intermediate
compounds and reactions, other than those specdiednot required;
names and structures of intermediate compoundsantkes of enzymes
catalysing intermediate reactions other than PFK mot required).

4.5.3 Aerobi respiration

Aerobic respration: undersand thal during the complete oxidatior of
pyruvate, involving oxidation of pyruvate to acetgtenzyme A and the
events of Krebs cycle result in the productionarbon dioxide, more
reduced coenzyme (NADH +') (FADH,) and ATP (etailed knowledge
of the intermediate stages in the Krebs cycle tseguired; names and
structures of the intermediate stages in the Kifzse are not required,
except for oxaloacetate).

The role of the electron-transport chain in geriegeA TP (oxidative
phosphorylation and chemiosmosis); the role of wudbe oxygen as a
hydrogen acceptor forming water.

Recall the structure of a typical mitochondriorertify inner and

outer membranes and the inter-membranal spaceijliesnd understand
the role of mitochondria as the site of Krebs cyid electron-transport
chain; understand the location of enzymes andrelecarriers.

4.5.4 Anaerobirespratior

Anaerobicrespiration undersand the situation:in which the pyruvate
formed in glycolysis may not undergo complete otiatg formation of
lactic acid in muscle; formation of ethanol in yeas

Compare and explain the differences in the yiefd&TP from the
complete oxidation of glucose and from the fermigomaf
glucoseto lactic acid or ethanol. Oxygen debit.

4.5.5 Thimetabolicpcol

The metabolitpool conceptto include in outline only, fat respiratior anc
synthesis, gluconeogenesis and amino acid metaholis

4.€ Gaswous
exchange

4.6.1 Gaseolexchangin
plants, insects, bony fish
and mammals.

Fick’'s Law a< applied to respirator surface in order to maximise rate of
diffusion (only a qualitative approach is required)

Respiratory surface of plants to include mesoghaytr and root epidermal
cells.

Tracheal system of insects.

Structure of the gills of bony fish; ventilatiomuntercurrent exchange to
maximise diffusion.

The structure and function of mammalian lungs; Natin; control of rate
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anc deptt of breathing

When studying these respiratory organs emphasis Ineugiven to how
Fick's Law is being reflected.

4.6.2 Transpo of
respiratory gases

Adaptatior of erythrceyte to its functior of transpor of oxyger anc carkon
dioxide; the chloride shift.

The role of the respiratory pigment haemoglobimgreasing the oxygen-
carrying capacity of the blood.

Dissociation curves of adult haemoglobin, foetarhaglobin and
myoglobin; the Bohr effect.

Practical work may include use of simple respirometrsand spirometel
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SECTION 5: Adjustment and control

Topic

Subjeci Content

Knowledge expectec

5.1 Homeostasi

5.1.1 Concejof
homeostasis

Maintenanc anc contro of internal environnent.

5.1.2 Physiologici
regulation

Contro system and the concept of negativi feecback Exanple of
a control system(Recall concept of positive feedback in
menstrual cycle and parturition Section .5

5.2Hormona
Control

5.2.1 Thihypothalamu

Neurosecretry cells
Histological details not required.
Release and release-inhibiting neurohormones aidaétion.

5.2.2 Hormone

Chemicanature of hormone anc their mode of action Peptide
protein, amine and steroid hormones (examples;termical
formulae not required).

Secondary messenger mechanism and intracellulardra-
receptor complex formation.

5.2.3 Thupituitary glanc

Anterior harmone-producin¢lobe: prolactir anc tropic harmones
Posterior non-producing lobe; ADH and oxytocin.

Effects of these hormones only are required; defaditructure is
not required.

5.2.4 Pancreianc
adrenals

Regulatior of blood glucos¢levels Insulinanc glucagon site of
secretion (beta and alpha cells). Regulatory pseseis lowering
or raising blood glucose.

Diabetes — Type Il (insulin-independent or matucityget diabetes
and its control. Role of adrenalin in blood glucosgulation.
(Recall Type I [Juvenile or insulin-dependent] dééds in Section
5.6.3]

Role of Adrenalin and Cortisol in blood glucoseulagion.

5.3

5.3.1 Ectothermr anc

Definition anc examples

Thermoregulation | endothermy Behavioural mechanism of thermoregulation in regstil
Role of mammalian skin as thermoregulatory orgamcural,
behavioural and physiological mechanisms of theegolation in
mammals.
Hibernation and Aestivation.
Advantages and disadvantages of ectothermy andlesraay.
5.4 The Liver 5.4.1 Histolog Detailec structur: of liver lobule.
Metabolic role: Glycogenesis, glycogenolysis and gluconeogenesis.
Carbohydrate Deamination, urea formation, transamination, plapnotein
Protein synthesis. Production of bile. Lipid metabolism.
Lipid Summary diagram of the ornithine cycle and uremiion

(molecular structures and site in the cell wherereagaction
takes place is not requirgd

5.5 Excretior anc
Osmoregulation.

5.5.1 Wate anc solute
balance

Definition ancimportanc of excretior anc osmoregulaon.
Osmoregulation in a terrestrial insect, a maring famshwater
teleost and a mammal.

Gross structure of kidney and structure and higiplaf nephron
in relation to its osmoregulatory functions

Role of the mammalian kidney in excretion, osmolation and
pH regulation.

Ultrafiltration, selective reabsorption and seaeti 16
Countercurrent multiplier in the Loop of Henle &hd vasa recta
as countercurrent exchangers.

Role of antidiuretic hormone and aldosterone.
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5.€ Immune Systen

5.6.1 Innat (Non-
specific) defence
mechanisms

First Line of defence: The skin. mucou:membrane anc their
secretions.

Second line of defence: Phagocytic leucocytes (ophbils and
monocytes).

Natural killer cells (NKC'’s).

Antimicrobial proteins (compliment and cytokines).
Mode of action of complement proteins.

The inflammatory response (outline of the actiatynast
cells, histamine, complement proteins and phagocyti
leucocytes).

Major stages involved in blood clotting

5.6.2 Adaptiv:
(specific) defence
mechanisms

Third line of defenc: Humoial anc Cell-Mediatec Immunity.
Lymphocytes: B and T cells.

Humoral Immune response to include Helper cellsCD4);
activation of B cells to antibody- secreting plasteds;
immunoglobulins/ antibodies; generalised structfre
immunoglobulins. Specificity of antigen/antibodygraction.

Cellular immune response to include Helpes-dD4) and
Cytotoxic (T-CD8) cells.

Cytokines, lymphokines, and interleukins n cabe used
interchangeably.

5.6.3Disorder:

An autoimmun diseas exemplified by juvenile diabete (Type
| or insulin-dependent diabetes). AIDS.

5.6.4 Immun Transfusion and ABO, Rhesus blood grouping. Haemdytic

reactions disease of the newborn.

5.6.5 Nature Passive material-foeta exclange

immunity Active: Contracting the disease (recall adaptiviedee
mechanisms Section 5.6.2.

5.6.6 Atrtificial Passive antibcdy injection

immunity Active: Vaccination (different types of vaccineg awot

required).
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Sectior 6: Respondin¢to the Environment

Topic Subjeci content Knowledge expecte(

6.1 Transmittin¢ | 6.1.1 Theneurot Structureanc elecrical properties of a myelinatecmotol neuion;
information the resting potential; generation and propagatf@naction
through the potential; factors affecting the speed of condumdn neurones
nervous system (myelination, diameter and temperature); refractmsiod

(absolute and relative refractory periods).

6.1.2 Snaptic The structurecof the synapse mechanisr of transmission
transmission EPSP’s, IPSP’s and temporal and spatial summaftioa role of
neurotransmitters limited to acetylcholine and doeaaline and
effect of drugs (illustrated by nicotine and amgineines); the
neuromuscular junction.

6.1.3 Thrautonomi Autonomiccontro of the internal environnent; only ar outline
nervous system of the positions of ganglia and functions of thenpgthetic and
parasympathetic divisions of the autonomic nengyssem is
required. A specific physiological knowledge wié bequired
only in the context of the control of heart rate¢on 4.4.3)

6.1.4 Thecentra Gros: structurcof the brain: locatior anc functior limitedto

nervous system the medulla, pons, cerebellum, thalamus, hypothaseend
cerebral hemispherem¢luding sensory ,motor and associatio
areas.

Structure of the spinal cord as seen in trans\aston.

The reflex arc; monosynaptic as exemplified by khee-jerk
reflex and polysynaptic reflex as exemplified bg thithdrawl
of hand from pin.

6.2 Stimulus 6.2.1 Sensorgan: as Exemplifiec by the mammaliairetina the othel parts of the eye
reception in energy transducers acting as ancillary structures to ensure optimueraion of the
animals retina.

A brief outline of image processing at the retieakl to include
the absorption of light by rhodopsin causing thande of the
cisto thetransform of the isomer, resulting in a change in
sodium permeability creating a generator potefti@MP to
keep sodium channels open is not required)

Differences in visual acuity and sensitivity of sogind cones.
The role of rod cells and cone cells in affectingnmchromatic
and trichromatic vision. The nocturnal eye.

6.2 Stimulus 6.3.1 Phototropis in Understan exgeriments on phototiopisn — as exemplifiec by
reception in shoots Went and Darwin’s experiments; the role of auxiAiland
plants mechanism of how auxin affects cell elongatigraph

showing the effect of Auxin concentration on groregponse of
shoots is not expected).
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Sectior 7: Locomotion and Support

Topic

Subjeci Content

Knowledge expecte(

7.1 Striatec muscle
in mammals

7.1.1 Anatom

Attachmen of muscle to bones via tendon: al origin anc insertion
Muscle fibres as being made up of myofibrils.

7.1.Z Histology

Muscle fibres as muscle cells made up of myofibrils anc bounc by a
sarcolemma.

Muscle histology is to include the ultrastructuferoyofibrils i.e. the|
arrangement of actin and myosin filaments to forbamhds, A-bands
and the H-zone. Z-line, M-line and the sarcomerehe functiona
unit within myofibrils.

Arrangement of troponin, tropomyosin around théndiiaments.
The arrangement of the sarcoplasmic reticulum aabTles around
myofibrils.

7.1.3 Contractin
mechanism

The role of actin myosin tropomyosir anc troponin in contiolling
and bringing about contraction. Sliding filamereaiy.

Cross bridge formation and the role of AT®P cross bridge
breakdown.

7.2 Skeletol

7.2.1 Hydrostati
skeleton

Definition anc role of hydroskeletor in movemer anc suppor as
exemplified by the earthwormT e role of chaetae and circular and
longitudinal muscle in forward movement.)

7.2.2 Exoskeleto

Definition and role of exoskeletorin movemen and suppat as
exemplified by an insect. The arrangement of fleaod extensg
muscles, as examples of antagonistic muscles, itay about limb
bending and extending in the insect.

=

7.2.3 Endoskeletc

Definition and role in movement and support of endoskeletol
Bipedal gait.

Gross structure of a bone including the distributad spongy and
compact bone e.g. femur.

The function of synovial joints. (Details of synovial joints not
required.)

Histology of compact bone.
General structure of a vertebra including temtrum, transversge
processes, central canal, prezygapophysis andygegtaphysis.

Practical work shoulc include the histology of compac bone¢ and
striated muscle tissue in animals.

Practical work should include recognition of the im&atures of a
generalised vertebra as exemplified by the lumieatebra.

7.2 Plan supyort

7.3.1 Supportintissue

The structure and function of parerchyma, collenchyma
sclerenchyma tissue and the xylem elements. (Rédall)

The distribution of the above tissues in primargtrand stem and in
the leaf in relation to their mechanical functions.
Compare and contrast monocot and dicot suppoxttsties.

Practical work should include histology of supporting tissues in
plants in monocotyledonous and dicotyledonous sgerdsoots.
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Sectior 8: Genes Cell division and Genetics

Topic

Subjeci Content

Knowledge expectec

8.1
Chromosomes and
the genetic code

8.1.1Chromosom
structure

Toinclude histores.

8.1.2 Sen-conservativ
DNA replication

The basic principlesundelying the Meselsoland Stah experimen to
support semi conservative replication. The rolaalicase, DNA
polymerases Il and I, DNA ligase, primase and @kafragments
(knowledge of other enzymes and telomeres are gaireal).

8.1.3 Thigenetitcode

The basic principles undelying the Hershe' anc Chas« exgerimenito
prove that DNA is the genetic material.

Characteristics of genetic code to include: triplede, specificity,
degeneracy, universality, non-overlapping and fuated.

8.1.4 Protei synthesi

Centra Dogma.

Transcription: definition of template and non-teatplstrand; to include
promoter and termination site. Role of RNA polynsera
Post-transcriptional processing: pre-mRNA and meataRNA, introns
and exons; splicing to include only removal of omis.

Charging tRNA to include role of activating enzynfes names
required).

Translation: to include initiation, elongation aedmination from a 5’ to
a 3’ direction along the mRNA molecule - roles dRNA, tRNA, and
ribosomesd@nly knowledge of P and A site is requiredodon and
anticodon interactions. Idea of polysome. Appréaiadf post-
translational processing.

8.1.5 Contrc of gene
expression in
prokaryotes

Definition of constitutive anc inducible erzymes Organiziion of lac
operon: expression of lac operon to include onéyeffect of the
repressor proteinThe effect of glucose on lac operon is not requjred

8.1.6 Gen anc
chromosome mutations

Point nrutations to include base deletion inserton, substituton anc
inversion. Insertion and deletion leading to frashidt mutations.
Chromosome mutations to include only aneuploidypwoigiploidy.
Awareness that mutations are an important sourgerétic variation
that may occur during DNA replication and cell diain.

8.2 Nuclea division

8.2.1 Thicell cycle

The life of a cell to be describer as consistingof three phases:

(1) nuclear division (mitosis or meiosis);

(2) cell division (cytokinesis);

(3) interphase [consisting of three subphasesSaGind G2].
Candidates are not expected to know what conthagransition from
one phase to another of the cell cycle althoughdates should
appreciate the fact that the length of the variphases depends on the
type of cell.
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8.2.2 Mitosit

The significanct of mitosisin growtl anc replacemer of cells,
regeneration of body parts, asexual reproductichngamete production
in plants.

Appreciate the fact that the nuclei of the daugbé#ls produced are
genetically identical to the parent cell nucleus.

The events occurring during prophase, metaphasphase and
telophase.

Candidates are not expected to differentiate betvesely and late
stages of prophase, metaphase, anaphase and talepha

The process of cytokinesis in animal and plantcell

Practical work srould include preparaton of root tip squashe and
identification of the various stages of mitosis¢afrom prepared
slides).

8.2.3 Meiosi

The significanctof meiositin productior of gamete in animal<and
spores in plants.

Meiosis as a reduction division to produce haptmitis.

The events occurring during the first and seconibticadivisions.
Candidates are not expected to differentiate betvezely and late
stages of prophase I/ll, metaphase I/Il, anaphdseahd telophase I/11.
Differences between | and Il for each stage (prgghanetaphase,
anaphase and telophase) is expected.

The significance of meiosis in generating geneitreigity through:

(1) synapsis and crossing over at chiasmata dprimghase I;

(2) random alignment of maternal and paternal clusomes at the
equator during metaphase | and independent assarahehromosomes
during anaphase I;

(3) random alignment of chromosomes at the equiatdng metaphase
Il and independent assortment of chromatids duaimgphase II. The

significance of random fertilization in generatidigersity. Candidates

should be able to compare and contrast mitosisragidsis.

Practical work skould include observatiol of microsc(pe slides to study
stages of meiosis.

8.3Inheritanc

8.3.1 Gene anc alleles

Define geneanc allele; dominan anc recessiv allele; homczygote and
heterozygote; genotype and phenotype.

Monohybrid inheritance; test cross.

(Recall the significance of meiosis and randonilfestion in sexual
reproduction, in which gametes fuse to form a aygetding to genetic
variation).

Codominance, and incomplete dominaramdominance as illustrated
by the MN or ABO blood group system and incompmleteinance as
illustrated by flower colour in Antirrhinium (snapbon)].

Multiple allelese.g. ABO blood group systerfi, (I, 1° alleles).

Pedigree analysis.
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Explain the inheritance of two non-interacting nkkd genes; test cross

inheritance

for dihybrid inheritance.

Autosomal linkage, crossing over and recombinantsliation to events
of meiosis. Chromosome maps.

Sex determination in mammals and sex linkage.

Inactivation of the X chromosome (Barr bodVrtoise shell cats or
calico cats to illustrate its phenotypic expression

(Sex-limited inheritance is not required.)

Gene interaction between two unlinked genes.
Gene interactions may be illustrated by comb shagmultry and by an
example to show epistasis.

Polygenic inheritance, leading to normal or Gausgiequency
distribution curve in a population.

Polygenic inheritance may be illustrated by theantance of skin
pigmentation in man.

The analysis of both monohybrid and dihybrid creasgng the chi-

squared testJtudents will not be required to remember the foanor
the examinatiof.
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Sectior 9: Reproduction

Topic

Subjeci Content

Knowledge expectec

9.1 Asexua Reproductior

9.1.1 Aseual Definition; advantage anc disadvantage of asexual
Reproduction reproduction.
9.1.2 Nature Vegetative propagatiol — one exampli excluding histologica

cloning in plants

detail.

9.1.3 Nature Binary fissior in a protozoan
cloning in other Budding as exemplified byydra.
kingdoms

9.2 Sexua Repioductior 9.2.1 Sexui Definition; advantage anc disadvantage of sexual
Reproduction reproduction.
9.2.2 Geneti Feature which promote geneticvariatior — independen
variation assortment, crossing-over, genetic recombinatianation.
9.2.3 Gamel Gametitransfe in plant: and animals Externa fertilisatior anc
transfer in relation | internal fertilisation.
to habitat

9.2.4 Sexuianc
asexual
reproduction

Comparianc contras sexua and asexue regroduction

9.2 Life cycles— Kingdom
Plantae

9.3.1 Alternatio of
generation

Generalised life cycle of plant showing alternaton of
generation. Gametophyte/ sporophyte stages.

9.3.2 Life cycle of
a Moss

Genere characteristic: morpholog anc relative importance of
gametophyte, sporophyte stages. Mechanisms fdrahefer of
spores.

Funariacan be used as a local example.

9.3.: Life cycle of
a Fern with named
homosporous
example

Genere characteristic: morpholog' anc relative importance of
gametophyte and sporophyte stages. Mechanifons the
transfer of spores.

Dryopterismay be used as an example.

9.3.4 Life cycle of
a flowering plant

Genere charactesstics, formatior of embrycsacand pollen;
morphology and relative importance of gametophyt a
sporophyte stages.

(Recall difference between homospory and hetero¥pory

23




AM Syllabus (2016): Biology

9.4 Floral morpholog)

9.4.1 Type of Actinomorphicdicot, Zygomorphicdicot anc petaoid monocot
flower
General diagram of flower, half-flower, floral diagn and floral
formula.
9.4.2 Pollinatio Pollinatior as the transfe of microspore to a receptivi stigma

differences between entomophilous and anemopHflowsrs;
adaptations for insect and wind pollinatiétowers of the
Fabaceae (Leguminosae) and the Poaceae (Gramisae)
specialised for insect and wind pollination.

Self and cross pollination. Adaptations to pronutess-
fertilisation, to include self-incompatability gesyg@rotandry
and protogyny.

9.4.3 Fertilisatio

Double Fertilisaton. Seecanc fruit formation Details of
germination not required.

Practical work stould include floral dissectior constructioi of
floral diagrams and floral formulae.

9.5 Humaireproductiol

9.5.1 Mal¢humar

Structureanc functior of reprcductive system Histology of

reproductive testis. Spermatogenesis.

system

9.5.2 Femal Structureanc functior of reprcductive system Histology of
human ovary. Oogenesis. The menstrual cycle.

reproductive

system

9.5.3 Fertilisatio

Transfel of male gamete to female gametesleadng to
fertilization.

Capactiation; sperm penetration in oocyte to ineladrosome
reaction.

9.5.4 Human Cleavage morula, blastule formation implantationfleadin¢ to
development the formatior of the placena.

9.5.5 Himar Structurcanc functions of humar placenta

Placenta

9.5.6 Birtt Three stage of parturition.

9.5.7 Lactatio

Colostrum nutritionalimportanciand passiviimmunity

9.5.8 Hormone

Roles of luteinising hormone¢(LH) alsc knowr as interstitia cell
stimulating hormone (ICSH) in males, follicle stikating
hormone (FSH), testosterone, oestrogen, progestgnoman
choronic gonadotropin (hCG), oxytocin, prolactiman
prostaglandingrole of prostaglandins in menstruation only).
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SECTION 10: Evolution

Topic

Subject Content

Knowledge expectec

10.1 Genetidiversity

10.1.1 Source: of genetit
variation

Recal Sectior9.2.2 an 8.2.3

10.1.2 Type: of variatior

Continuou: anc discontinuou

to include bar-charts showing th
distribution of a particular
characteristic in a population;
continuous variation to include
Gaussian distribution curve
(Recall Section 8.3.2).

variation; discontinuous variation

a)

10.1.2 Populatior genetic

The genepaol; definitions of
allele, genotype and phenotype
frequencies; the Hardy-Weinber
equilibrium principle.

10.1.2 Agent: of evolutionan
change in bringing about change
in allele frequencies.

Factor: affecling the Hardy-
23Veinberg equilibrium to include
mutations, gene flow, non-
random mating, genetic drift
(founder and bottleneck effect)
and selection.

10.2 Selectio

10.2.1Types of selectiol

Artificial anc netural; directional
disruptive and stabilising
selection.

Balanced and transient
polymorphism.

Gradualistic and punctuated
equilibrium modes of evolution.

10.Z Isolating mechanism

10.3.1Isolatior leadin¢ to
Speciation

Geographiciisolation leadin¢ to
allopatric speciation.

Behavioural isolation and
polyploidy leading to sympatric
speciation.

Reproductive Isolating
mechanisms: pre-zygotic and
post-zygotic isolating
mechanisms.
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Sectior 11: Enviro nmental Biology

Topic

Subject content

Knowledge expectec

11.1 Ecologice Concept

11.1.1Definitions

Definition of biosphere ecoogy,
population, community, ecosysterj
habitat.

=)

11.Z Populatior Ecology

11.2.1Fectors governing
population size

Natality, mortality, immigration

and emigration. Recruitment as th
proportion of offspring that attains
sexual maturity in the population.
Biotic potential and environmenta
resistance. The carrying capacity
the environment as the maximum
population size that can be
sustained in the long term under
the prevailing conditions.
Density-dependent factors and
density- independent factors
affecting population growth.
[Treatment should be qualitative;
no mathematical formulae are
required.]

11.2.2 Seectec models of
population growth

S-shape growth curve

the lag, log, deceleration and
stationary phases.

J-shaped growth curves.
‘Boom and bust’ curves and
population crashes.

[No mathematical formulae for
growth curves are required.]

11.2.2 Intraspecifiiinteractins
that limit population size

Competitior anc overciowding.

11.ZProcesse in ecologica
communities

11.3.1Type: of interspecifil
interactions

Definitions of predation
parasitism, mutualism,
commensalism and Amensalism.

11.3.2 Competitior

Gause’ principle of competitive
exclusion exemplified by
experiments with
Paramecium.

Resource partitioning.

11.3.2Ecologica niche

Concep of ecoogical niche

The fundamental niche and the
realized niche exemplified by the
interaction betweeSemibalanus
andChthamalus

Relative niche breadths of
generalist and specialist species t
illustrate the advantages and
disadvantages of both strategies.

[=]
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11.3.2Ecologica successic

The mechanisr of ecologica
succession. Pioneer communities
seral stages and climax
communities.

Primary succession.

Secondary succession exemplifie
by old fields

11.4 Ecosyste Ecology

11.4.7Overall structure¢of
ecosystems

Abiotic components edaphic an
climatic.

Biotic components: producers,
primary consumers, higher
consumers, detritivores and
decomposers.

11.4.Z Energyanc carbor
sources for organisms

Phototophs anc chemotroph:
autotrophs and heterotrophs.
Food chains and food webs.

11.4.2 Ecologica pyramid:

Pyramid: of numbers biomas: anc
energy.

11.4.<Productior ecoogy

Energ) flow in ecosystems
Definition of gross primary
production and net primary
production; calculation of these
values from given data; calculatio
of the efficiency of energy transfe
between trophic levels.

11.4.5 The biogeochemici
cycles

The cerbor cycle
The nitrogen cycle and the role of]
different types of soil bacteria.

11.5 Loca Ecology

11.5.1Maltesthabitat:anc
vegetation types

Terrestria habita types

Vegetation of the garigue, maquig
and wood, steppe and the disturb
areas; specialised habitats e.g.
cliffsides and screes, watercourse
coastal vegetation: maritime
garigue, salt marshes and sand
dunes.

Marine habitat types: coastal

habitats to include the supralittoral

mediolittoral and infralittoral
zones.

Students are expected to quote
examples from each habitat type.

D

ed

11.6 Ecologicetechnique

11.6.1The capturerecaptur
method for estimating animal
population size

Student shoulc be able to
understand the underlying
assumptions of the Lincoln Index.
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11.6.2 Rancom Sempling

Define randon sampleanc
describe one method of random
sampling used to compare the
population sizes of two plant
species based on the quadrat
method.

11.6.2Non-randon sampling

Line transect and ladde (belt)
transects.

11.6.« Treatmer of data

Preser ecoogicaldatz in takle
form and evaluate graphical
presentations of ecological data.

Analysis of data by working out
species frequency, species densit
and species cover.

Use of the t-test to compare mear
between two independent sample

Compare species diversity of two
areas in terms of species richness
and evenness by calculating
Simpson’s reciprocal index.
[Students are not expected to
remember the Simpson formula b

they should know how to calculatg

it given a set of data and the
formula and how to interpret the
index.]

Practicalwork to include

fieldwork; use of random and nont

random techniques.

2
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Sectior 12: Biotechnology

Topic

Subjeci content

Knowledge expecte(

12.1 Biotechnolog

12.1.1 Definition of
biotechnology

Definition of biotechnolog in its brozder sens to include both
traditional as well as modern biotechnology
processes.

12.2 Principleanc
techniques of gene
technology

12.2.]
Principles of gene
technology

The principles of genetitenginering illustratec by the use of restrictior
endonuclease enzymes exemplifieddzpR| and ligases in the
formation of recombinant DNA.

12.2.2 Technique of
gene technology

Technique for obtaining the requirecgen¢include the use of restrictior
enzymes; direct synthesis and reverse transcrigacting the vector
and inserting foreign gene in vector using restritenzymes and
ligases ¢haracteristics of plasmid vectors are required tetails of
phage and cosmid vectors are not negped

Introducing vector DNA in the host cell ; selectithg transformed cells
by using marker genes and an adequate DNA prdlrethis context the
terms genetic selection, genetic screening andaaplating should be
used)

Other methods of introducing foreign DNA in hosts;e.g.
transformation, transfection, microprojectiles, @i®poration and
microinjection, are not expected except in outbné/ where relevant
for understanding of applications listed below.

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

12.2.2 Analytical
techniques of gene
technology

Method: of and ysinc DNA organisaion: separatio of DNA fragment

by gel electrophoresis; detection of fragmentsgiSiauthern blotting

and radioactive gene probékcalisation of genes on chromosomes
using radioactive in situ hybridization is not exaable).

Practical work skould include precipitatior and spoolin¢ of DNA and
gel electrophoresis of DNA fragments.

12.2.< Applications of
gene technology

Knowledg: of the following application: is neede(though details of the
specific processes are not required.

Genetic fingerprinting and DNA profiling and its@jgation in forensic
work and paternity cases.

—

Pharmaceutical products of gene technology: hunaetein replacemer
as exemplified by the production of either insutin human growth
hormone (somatropin or somatotrophin) by geneticathodified
microorganisms; advantages over traditional methafdseatment (e.g.
somatropin from farm animals might result in persateveloping CJI
up to 30 years after receiving hormonal treatment)

N4

Use of agricultural animals in transgenic technglag exemplified by
genetically modified goats to produce a recombif@mb of human
antithrombin( ATryn®), having anticoagulant and anti-inflammato
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properties for the treatment of patients with heegg antithrombin
deficiency.

Gene therapy: Use of bone marrow stem cells inrtegment of X-
linked SCID (severe combined immuno-deficiency).

Awareness of the limited success of treatment nbthso far with gene
therapy.

Applications of gene technology in agriculture: greduction of pest
resistant crops egt maize

Note: Alternatives to the traditional textbook exd@s of gene
technology are being suggested as gene theramy#tic fibrosis has
had very limited success; the use of bovine somugiiot(bST) in dairy
herds is not approved in the EU.

Candidates should be able to evaluate briefly thdrenmental
implications of GM plants and ethical implicatioofsthe use of stem
cells and gene therapy.

BIOLOGY TEXTS — A TEACHERS’ GUIDE

Textbooks

Audesirk, T. & Audesirk, G. & B. Byres (20083iology: Life on EarthPrentice Hall.

Baker, M., Indge, B. & Rowland, M. (2002) New Introduction to Biology & Further StudiesBiology.
Hodder & Staughton.

Jones, M., Fosberg, R. & Taylor, D. (2000ambridge Advanced Sciences — Biology 1 &&2mbridge
University Press. (Including Biology Option Titles)

Purves, W.K., Orians, G. H. & Heller, H.C. (199Rife: the Science of Biolod$th edition or later). Sinauer
Associates.

Knox, B., Ladices, P. & Evans, B.(eds) (1994 andrladitions). Biology McGraw-Hill Book Company.
Soper, R. (ed.Biological Scienceg3rd or later edition). Cambridge University Press.

Reference source works for Local/Mediterranean Bioiversity and Environmental issues

Blamey, M. & Grey-Wilson, C. (1993Mediterranean Wild Flowerklarper Collins.

Burnie D. (1995)Wild Flowers of the MediterraneaByewitness Handbooks - Dorligndersley.
HaslamS.M. & Borg J. (1998)The River Valleys of the Maltese Islands: Environnaed Human Impact.
Islands and Small States Institute, FIS, Malta &EAM, Italy.

Lanfranco, E. & Lanfranco, G. (2003))-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 Mediterraneleranco Muzzo Editore, Padova.

Schembri, P.J. & Baldacchino, A.E. (1998na, Blat uHajja, is-sisien tal-ambjent naturali Malti, [it- &ini
edizjoni riveduta] Malta University Publishers Ltd.

Sultana J. & Falzon V. (1996, reprint 2001). (eda/)dlife of the Maltese IslandEnvironment Protection
Department (reprint: Birdlife Malta & Nature Trust)

Schembri, P.J. & Lanfranco, E. (199Bgvelopment and the Natural Environment in the batislandsin:
D.G. Lockhart, D. Drakakis-Smith & J. Schembri —€TDevelopment Process in Small Island States: 2467-2
Routledge, London & New York.

Vujicic R., Lanfranco E., & Vella A. (eds.30S for Maltese Flora Proceedings of a National Semine@99.
Department of Biology, University of Malta.

Selected papers from thReroceedings of the Atmospheric Pollution Semina” April 1999”, Mallta,
Physics Department, University of Malta (availasiehe University library for reference).
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SUPPLEMENTARY NOTE ON BIOLOGICAL DIVERSITY
Biological diversity refers to the variety of lifie all its forms, levels and combinations. It maydxpressed at
three levels: ecosystem diversity, species diveesitl genetic diversity.

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

Microorganisms, plants and animals are the liviogponents of an ecosystem. They interact with etutr,
in for example, food webs, and with light, water, aiinerals and nutrients. These interactions ad#sif
anecosystem’s ‘functioning’ which together with thumctions of other ecosystems, provide ‘servicgsn
which all life on earth depends. These servicelsidtemaintaining atmospheric composition, nutrieatycling
climate regulation, pollination and soil formation.

Ecosystems are threatened by development profediiat loss and fragmentation from urbanizaticade,
introduction of alien species, and global atmosisl@ranges such as climate change and stratosplzene
depletion. Air, water and soil pollution are thejarahreats in the industrialized world.

Species diversity refers to the frequency and ditieof different species including domesticated aaltivated
ones. A species represents a group of organisnehvlaive evolved distinct inheritable features ahettw
occupy a unique geographical area. Species usimltyt freely interbreed with other species for a
number of reasons. In addition to being a bioldgicacept, the term species can be used in a taxicnho
sense: it is one of the levels used by biologstescribe the hierarchy of the forms of life attdm@pts to
reflect evolutionary descent.

Genetic diversity refers to the genetic differenisesveen individuals within a population and betwee
populations of a single species. Genetic diverdipws species to adapt over time to the environaistresses
they face. Loss of individuals and populations oas the gene pool of a species and restricts #ptation or
evolutionary options. Genetic diversity has beexdusy humans for thousands of years especially in
agriculture.

Farmers have domesticated wild animals and hawkethesn for desirable characteristics such as sz,
thickness or disease resistance. Similarly, plaate been bred for seed colour, flavour, fruit sizdisease
resistance. Modern plant and animal breeding temdarrow down their genetic diversity and makenthe
susceptible to disease. This happened for examifielve Asian hybrid rice crop which became susbépto
Grassy Stunt Virus. Luckily one small populatiorreifated wild rice provided the gene for resistatociis
disease and saved the crop.

SUPPLEMENTARY NOTE ON STATISTICS

The following are conditions for using various &tal tests.

t-Test (Independent samples)

1. Interval level data.

2. Independent samples

3. Populations should be approximately normallyritiated.

4. Populations should have approximately the saemelard deviation.

5. Samples contain less than 30 values each.

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

1. Matched paired samples

2. Interval level data

3. Population of differences should be normallyribsited.

4. Samples contain less than 30 values.

Degrees of freedom = df= (numbers of pairs of valud

Chi-Squared Test

1. Nominal level data

2. The expected frequency should not fall below Bbre than 20% of the cells.
Degrees of freedom = df = (number of columns) — 1
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