1.1.1          Biology 
At the end of this sub section students should be able to: 
1. Define the term: Biology.

2. Name three areas of study incorporated in Biology.
1.1.2           The Scientific Method 

At the end of this sub section students should be able to: 
1. State the process of the Scientific Method Including Observation, Hypothesis, Design experiment, Collect & Interpret Data, Conclusions,

2. Compare to Existing Knowledge Reporting, Developing Theory & Principle

3. State the limitations of value of the Scientific Method including extent of basic knowledge, basis of investigation, application to the natural world in a state of change, accidental discovery.

4. State some possible sources of errors.

1.1.3     Experimentation 

At the end of this sub section students should be able to: 

1. State the principles of experimentation – which include:


Planning & Design, Safety Procedures and Experimental Control

2. And explain why:
Sample Size, Random Selection, Replicates and Double-Blind Testing are important.

1.2.1 A Search for a Definition of Life 
At the end of this sub section students should be able to: 

1. Present an outline of the diversity of living things

2. Describe the requirements in a search for a definition of Life

3. List the common features & behaviours identified as living.

4. Define the term: metabolism.

5. Define the expression: continuity of life.

1.2.2 Definition of Life 

At the end of this sub section students should be able to: 

1. Define the term: life.

1.2.3     Characteristics of Life 

At the end of this sub section students should be able to: 

1. Definition and identification of the "characteristics of life", through fundamental principles and interactions of organisation, nutrition, excretion, response and reproduction.

1.3.1 – 4     Food, Elements, Biomolecules & Sources

At the end of this sub section students should be able to:

1. State the Function of Food

2. Name three reasons for requiring food

3. Name three reasons for requiring food

4. Name six common chemical elements in food: C, H, N, O, P, S

5. Name five elements present in dissolved salts: Na, Mg, Cl, K, Ca

6. Name 3 trace elements required: Fe, Cu, Zn

7. Define Biomolecular Structures

8. State that simple biomolecular units are composed of a combination of elements in different ratios, e.g. carbohydrates Cx(H2O)y
9. Name the element components, biomolecular components and sources of: carbohydrates, fats & oil and proteins

10. State that carbohydrates are composed of indivisible units and give examples of these. Eg. Monosaccharide – glucose; Disaccharides – maltose; and Polysaccharides - starch/cellulose

11. Explain what a vitamin is

12. Name one water-soluble vitamin. Name one water in-soluble (fat-soluble) vitamin

13. List the sources of these vitamins

1.3.5 Energy Transfer Reactions

At the end of this sub-section students should be able to: 

1. Define of the terms: Anabolic and Catabolic. 

2. Give an example of each

1.3.6 - 7     Structural & Metabolic Roles of Biomolecules

At the end of this sub-unit students should be able to:

1. State carbohydrates role as cellulose in cell walls

2. State proteins role as fibrous protein e.g. keratin or as myosin

3. State the role of lipids as Phospholipids in cell membranes

4. State that carbohydrates & lipids act as a primary source of energy.

5. State that proteins act as enzymes and are made of amino acids

6. State that hormones (protein) act as regulators of metabolic activity.

7. State that vitamin C & D are used for tissue growth, cell production and health maintenance.

8. Name disorders associated with deficiency of a water soluble and a fat soluble vitamin.

1.3.8 - 9 Minerals & Water

At the end of this sub-section, students should be able to:

1. State the requirements & use of any 2 minerals in plants.

2. State the requirements & use of any 2 minerals in animals.

3. State 5 good reasons why water is important for organisms.

1.4.1 - 4 + 7             Ecology, Ecosystem, Biosphere, Habitat and Niche

At the end of this sub-section students should be able to:

1. Define the term: ecology.

2. Define the term: ecosystem.

3. Name a range of ecosystems demonstrating diversity.

4. Explain the term: biosphere.

5. Define the term: habitat.

6. List examples of habitats.
7. Explain the term: niche and give examples.
1.4.5 Environmental Factors

At the end of this sub-section students should be able to:

1. Define and give examples of the following as applied to terrestrial (land) and aquatic (water) environments: 

· Abiotic

· Biotic

· Climatic 

· Edaphic factors

1.4.6 Energy Flow

At the end of this sub-section students should be able to:

1. Name the sun as the primary source of energy.

2. Name feeding as the pathway of energy flow.

3. Present a grazing food chain.

4. Present a food web.

5. Construct a pyramid of numbers and explain its use.

1.4.8      Nutrient Recycling

At the end of this sub-section students should be able to:

1. Define the term: nutrient recycling by organisms.

2. Outline and draw the Carbon Cycle.

3. Outline and draw the Nitrogen Cycle.

1.4.9 Human Impact on an Ecosystem

At the end of this sub-section students should be able to:

1. Define the term: Pollution.

2. State areas affected by pollution.

3. State mechanisms to control pollution.

4. Explain the difference between the terms pollutant and pollution.

5. Discuss the ecological impact of one human activity.

6. Define the term: Conservation.

7. Outline any one practice of conservation from agriculture, forestry or fisheries.

8. State problems associated with waste management & disposal.

9. Explain the importance of waste minimisation.

10. Explain the role of micro-organisms in waste management and pollution control.

H.1.4.10       Pyramid of Numbers
Extended Study

At the end of this sub-section students should be able to: 

1. Explain the limitations of use regarding the size of organisms

2. State two inferences that can be made regarding the shape of the pyramid. For example large tree or parasites

3. Explain the energy loss shown in the pyramid.

H 1.4.11.      Ecological Relationships
Extended Study

At the end of this sub-section students should be able to:

1. Name factors that can control populations.

2. Define and give one example of the following factors:

· Competition

· Predation

· Parasitism

· Symbiosis

H 1.4.12.     Population Dynamics
Extended Study

You should be able to do the following for this Topic 

1. Outline the contributory factors or variables in the Predator/Prey Relationships

2. State the effects on the Human Population due to: 

· War

· Famine

· Contraception

· Disease
1.5      Ecology

At the end of this section students should be able to:

1.5.1
Present an overview of diversity of life forms in an ecosystem.

1.5.2
Identify a number of habitats from the selected ecosystem.

Identify five plants and animals using simple keys.

Identify and use various apparatus required for collection methods.

1.5.3
Explain the difference between a Qualitative & Quantitative study for plants and             animals.

Complete Frequency and Percentage Cover techniques.

1.5.4
Correlate choice of habitat for organisms to Abiotic Factors.

Investigate and report on any 3 Abiotic Factors.

1.5.5
Explain the necessity for and give examples of Structural / Competitive / Behavioural adaptations

State one adaptation by one organism in the selected ecosystem.

1.5.6
Explain and identify the role of the organism in energy transfers.

Draw a food chain of the study area.

Draw a food web of the study area.

Draw a food pyramid of the study area.

1.5.7
Discuss the necessity for analysis and assessments of results obtained. 
Identify local ecological issues related to selected organisms 

2.1.1     The Microscope 

At the end of this section students should be able to 

1.  Identify the parts of a light microscope

2. Give the function of each part of the light microscope

3. Describe how to use a light microscope

4. Distinguish between the light and the Electron Microscope

5. Calculate magnification

Practical Activity: Use of light microscope to prepare and examine plant and animal cells

2.1.2 - 3            Cell Structure

At the end of this sub section students should be able to 

1. Identify the parts of a plant cell as seen under light microscope

2. Identify the parts of an animal  cell as seen under light microscope

3. Give the function of each of the following parts: 

· Cell wall

· cell membrane

· nucleus

· cytoplasm

· vacuole

· chloroplast 

4. Identify the ultra structure and give the function of each of the following cell parts:

· Cell membrane

· mitochondrion

· chloroplast

· nucleus

· nuclear pores

· ribosome

· DNA

Practical Activity: Use of light microscope to prepare and examine one plant and one animal cell unstained and stained using the light microscope (x100, x400).

2.1.4.H         Cell Structure
Higher Level 

At the end of this sub section students should be able to 

1. Know of the existence and definition of prokaryotic and eukaryotic cells

2.2.1-2      Cell Metabolism and Sources of Energy
You should be able to do the following for:

1. Define the term: metabolism.
2. State that solar energy is a source of energy capable of being absorbed by cellular pigments e.g. chlorophyll.
3. State that cellular energy sourced from chemical energy released by metabolic processes in cells 

2.2.3 
Enzymes

At the end of this section students should be able to 

1. Definition of enzyme to refer to protein 

2. State the nature, folded shape & functions of enzymes.
3. Explain the role of enzymes in plants and animals including special reference to their role in metabolism: 
Amylase, pepsin or catalase as examples of enzymes involved in chemical breakdown. 
Other enzymes, such as potato phosphorylase, are involved in synthesis.
4. Explain the effects of pH and temperature range on enzyme activity.

5. Bioprocessing with immobilised enzymes – State the procedure and advantages and its use in bioreactors

Practical Activities
Investigate effect of pH on enzyme rate [amylase or pepsin or catalase activity]
Investigate effect of temperature on enzyme rate [amylase or pepsin or catalase activity]
Prepare one enzyme immobilisation and examine its application

2.2.4        Photosynthesis
Students should be able to :

1. Definition and role of "photosynthesis".

2. Express photosynthesis as a balanced equation of the overall sequence of reactions. 
6CO2 + 6H2O + light/chlorophyll ( C6H12O6 + 6O2
3. Give a simple treatment of photosynthesis:

· Chlorophyll in chloroplasts traps sunlight energy

· This trapped energy splits water to release electrons, protons, and oxygen. 

· These electrons are passed to chlorophyll, the protons are released to a general pool of protons. 

· The oxygen is either released to the atmosphere or it may be used within the 
cell.

· Electrons from chlorophyll are used with protons from the pool of protons to 
reduce carbon dioxide to form a carbohydrate Cx(H2O)y.

4. State the role & location of chlorophyll within cells

5. Explain the nature of electron carriage.

6. Identify the  sources of light , CO2 & water for photosynthesis in leaf cells.

7. Explain how human intervention can play a role in photosynthesis.

Mandatory Activity :To investigate the influence of light intensity or carbon dioxide concentration on the rate of photosynthesis.
2.2.5   Respiration
At the end of this section, students should be able to

1. Define of the term: aerobic respiration.

2. Explain the role of aerobic respiration – what does it do for organisms?

3. Express aerobic respiration by a balanced equationof the overall sequence of reactions for glucose.  
C6H12O6 + 6O2 (6CO2 + 6H2O + Energy
4. Give a simple treatment of aerobic respiration of glucose by reference to a two-stage process.
Stage 1 does not require oxygen and releases a small amount of energy. 
Stage 2 does require oxygen and releases a large amount of energy.

5. Define the term: anaerobic respiration.

6. Know that anaerobic respiration may occur in the presence of oxygen but does not use oxygen. It is therefore a first-stage process. 

7. Know that the products of anaerobic respiration are lactic acid or alcohol and carbon dioxide.

8. State the nature and role of fermentation.

9. Know that aerobic respiration uses oxygen and is described as a two-stage process.

10. State the cellular location of the first & second stage:
The first stage process occurs in the cytosol (the cytoplasm minus the organelles).
The second stage process occurs in the mitochondrion.

11. Explain the role of microorganisms in industrial fermentation.

12. Explain the role of microorganisms in bioprocessing with immobilised cells  

13. Explain the role of microorganisms in Bioreactors
Mandatory Activity : Prepare & show the production of alcohol by yeast
2.2.6      Movement Through Cell Membranes

At the end of this section students should be able to :

1. Explain the term: Selectively permeable.

2. Explain the selective permeability of membranes surrounding the cells and within the cells.

3. Define the term: diffusion  -- passive transport e.g. movement of oxygen and carbon dioxide.

4. Define the term: osmosis  --  a special case of diffusion [the movement of water across biological membranes by a form of diffusion].

5. Give examples of diffusion and osmosis.

6. Define the term: turgor.

7. Explain turgidity in plant cells. 
Plant cells containing more concentrated solution than their surroundings – water flows in, vacuoles 
collect this water and the cells swell against their restraining cell walls.
Plant cells containing less concentrated solution than their surroundings – water flows out of the 
vacuole and the cell shrinks.

8. Describe the application of high salt or sugar concentration in food preservation.

Mandatory Activity : Design and carry out an investigation to demonstrate osmosis e.g. 
cell models 
made from Visking tubing using starch or glucose
2.2.7.H 
    Enzymes  

Extended Study

At the end of this section, students should be able to:

1. Explain the Active site theory to explain enzyme function, its flexibility, 3D molecules with variable domains and "specificity".

2. Explain that enzymes are proteins whose activity is affected by: environmental pH and  temperature. 

3. Explain the term "optimum activity" under specific conditions, as applied to pH 
range.

4. Explain the nature of heat denaturation of protein.

· Mandatory Activity : Investigate the effect of denaturation on the activity of one enzyme by heat application.

2.2.8.H    
Role of Adenosine Triphosphate (ATP) & Nicotinamide Adenine Dinucleotide (NAD/NADP+)
At the end of this section students should be able to :

1. Understand the role of ATP and NAD/NADP+ in photosynthesis and respiration (both high energy reactions), 

2. Give the word structure of ATP.

3. Explain how Adenosine triphosphate has a special role in the trapping and transferring of energy for cell activities.

· ADP +  iP  (  ATP + H2O ,     energy in.

· ATP + H2O    (  ADP  +  iP ,    energy out.
4. Role of NAD/NADP+  in reactions

5. State how Nicotinamide adenine dinucleotide has a special role in trapping and transferring electrons and hydrogen ions in cell activities.

2.2.9.H
      Photosynthesis  

Extended Study
At the end of this section students should be able to 
1. Explain Photosynthesis as a two-stage process:
The first stage, driven by light energy, is called the light stage or light-dependent stage. 
The second stage, which is dependent on the products of the light stage and does not require light, is called the dark stage or light-independent stage.

2. In the light stage, light energy is absorbed and then passed on from one pigment molecule to other pigment molecules in the chloroplast until it reaches a reaction centre chlorophyll molecule.

3. From here energised electrons enter two pathways:
Pathway 1: they return to chlorophyll releasing their surplus energy for the formation of ATP
Pathway 2: two electrons are trapped by NADP+ , reducing it to NADP–  .  This leaves the chlorophyll molecules electron deficient. 

4. These are replenished from the splitting [photolysis] of water, producing protons [Hydrogen ions,  H+ ] and electrons and releasing oxygen.
H+ ions from a pool of H+ ions are attracted to NADP–   to form NADPH.

5. In the dark stage, protons and electrons are transferred from NADPH to CO2 
in the production of Cx(H2O)y. 

6. The energy to achieve this conversion comes from ATP.

7. Regeneration of ADP and NADP+  which return to the light stage to be re-used to the light stage.
2.2.10.H      Respiration
 [Extended Study]

At the end of this section students should be able to understand:

1. The first-stage process, referred to as glycolysis, converts a six-carbon carbohydrate to pyruvate with the generation and release of ATP.

2. Fermentation [anaerobic conditions] :
the pyruvate molecule is converted or reduced to ethanol and carbon dioxide
or the pyruvate molecule is reduced to lactic acid.

3. In the second-stage process, under aerobic conditions, a series of reactions 
occurs:

· the pyruvate molecule is broken down to one molecule of carbon dioxide and a two-carbon acetyl group, Acetyl Co-enzyme A.

· this Acetyl Co. A enters a series called Krebs Cycle and leaves it later as CO2  and H2O
· During this cycle an electron transport system operates to remove electrons from the substrate intermediates 
· electrons from the cycle are transferred through an electron transport chain 
· ultimately these are transferred to oxygen  which combines with hydrogen 
to form water 
· the energy released by these electrons through the chain is used in the 
production of ATP molecules.
(Further biochemical references not required).
2.3.1 - 7 + 2.3.8.H      Cell Continuity and Mitosis

At the end of this section students should be able to :
1. Explain the terms: cell continuity & chromosome.

2. Define the terms: haploid number & diploid number.

3. Describe cell cycle in the state of non-division (Interphase) and division (mitosis).

4. Define the term: mitosis.
5. Explain the process in simple terms, with the aid of diagrams, to show chromosome behaviour : 
Just before the cell divides, chromosomes become visible in the nucleus (short, thick and duplicated). The nuclear membrane disappears, and fibres are formed to which the chromosomes attach. Chromosomes are pulled apart to opposite ends of the cell.
A nuclear membrane forms around each set of chromosomes and the cell divides in two. 
Each new daughter cell now contains the same number of chromosomes as the parent cell. 
(Names of stages and of chromosome parts are not required).

6. Definition of cancer and state two possible causes.
7. State the primary function of mitosis for single-celled and multicellular organisms.
In single-celled organisms, mitosis allows the organisms to multiply.
In multicellular organisms, mitosis is primarily for growth.
8. Define the term: meiosis.
9. State the functions of meiosis.
Functions of meiosis in multicellular organisms:
to maintain parental chromosome number by gamete or haploid cell production in sexual reproduction
to introduce variation in the species by re-arrangement of genetic material.
H.2.3.8 Stages of Mitosis 
(Extended Study)

1. Detailed study, with the aid of diagrams, of the stages of mitosis.

2.4     Cell Diversity   

At the end of this section students should be able to :

2.4.1


1. Define the term: tissue

2. Name 2 plant tissues.

3. Name 2 animal tissues

4. Explain the term: Tissue culture

5. State 2 applications of tissue culture

2.4.2


6. Define the term: organ

7. Name 1 plant organ

8. Name 1 animal organ

2.4.3


9. Define the term: organ system.

10. Name any 2 animal systems.

2.5.1     Variation

At the end of this section students should be able to 

1.  Discuss the diversity of organisms

2. Define the term species

2.5.2 - 3     Heredity, Gene Expression and Genetic Code 

At the end of this section students should be able to 

6. Define the term heredity

7. Give an example of heredity

8. Define the term gene expression

9. Give an example of gene expression

10. Define a gene

11. Outline the role of a gene

12. Describe the structure of a chromosome – refer to DNA and protein 

2.5.4      DNA structure, replication and profiling 

At the end of this section students should be able to 

1.  Outline the simple structure of DNA

2. Name the four bases and the complementary base pairs in DNA

3. Distinguish between coding and non coding structures

4. Explain why RNA as a complementary structure to DNA.

5. Name the bases in RNA 

6. Outline the structure of RNA

7. Outline the replication of DNA to form 2 helices

8. Define DNA profiling

9. Outline the 4 stages involved in DNA profiling

10. Give two applications of DNA profiling

11. Explain the need and a use for genetic screening

Practical Activity: To isolate DNA from a plant tissue

2.5.4 -2.5.14.H      DNA Structure, Replication and Profiling & Genetic screening

At the end of this section students should be able to 

1. Describe  the structure of DNA
2. Describe the structure of a Nucleotide 

3. Outline the specific purine and pyrimidine couples –

4. complementary base pairs. 

5. Name the four bases and the base pairs in DNA

6. Explain Hydrogen bonding

7. Refer to the double helical structure of DNA

8. Distinguish between coding and non coding structures. 

9. Explain why RNA is a complementary structure to DNA 

10. Name the bases in RNA 

11. Outline the structure of RNA

12. Explain the function of mRNA

13. Describe the triplet base code

14. Outline Chromosome sequencing of coding and non coding (junk DNA) sequences.

15. Outline  DNA replication

16. Define the process of DNA profiling

17. Outline the four stages involved in DNA profiling

18. Know any two applications of DNA profiling

19. Explain the need for Genetic Screening

20. Give a use for genetic screening

2.5.5         Protein Synthesis 

At the end of this section students should be able to 

1. Outline the steps in protein synthesis

2. Understand DNA contains the code for protein

3. Understand this code is transcribed to mRNA

4. Know the code is translated on the ribosome

5. Understand the amino acids are assembled in the correct order to synthesise the protein

6. Know that the protein folds into its functional shape 

7. Know that genes control cell activities by producing proteins


2.5.5 - 2.5.14.H            Protein Synthesis 

At the end of this section students should be able to 

1. Understand that enzymes unwind the DNA

2. Know the role of RNA polymerase

3. Know what a codon is

4. Know the ribosome is composed of subunits

5. Understand the amino acids are assembled in the correct order determined by the codons on mRNA to synthesise the protein

6. Understand a stop codon on mRNA signals the release of the protein

7.  Know that the protein folds into its functional shape

8.  Understand the molecular involvement of DNA, mRNA, tRNA, rRNA and amino acids in the process of protein synthesis

2.5.6   Genetic Inheritance 

At the end of this section students should be able to 

1. Give a definition for a gamete  

2. Understand gamete formation

3. Give the function of gametes in sexual reproduction

4. Define fertilisation

5. Define allele

6. Differentiate between the terms homozygous and heterozygous.

7. Differentiate between genotype and phenotype

8. Differentiate between dominant and recessive

9. Define incomplete dominance

10. Show the inheritance to the F1 generation in a cross involving:

· Homozygous parents

· Heterozygous parents

· Sex determination

(Show the genotypes of parents, gametes and offspring)

2.5.7 - 8     Variation and Evolution 

At the end of this section students should be able to 

1. Identify two causes of variation 

2. Identify the characteristics of mutant alleles

3. Identify two types of mutations

4. Give an example of each type of mutation

5. List two agents responsible for increased mutation rates

6. Define evolution

7. Outline the  Darwin and Wallace Theory of natural selection

8. Discuss the evidence of evolution from either fossil, comparative anatomy or the study of embryos

2.5.9           Genetic Engineering 

At the end of this section students should be able to 

1. Define Genetic Engineering

2. Understand that GE alters DNA

3. Understand the function of restriction enzymes

4. Be able to explain the following processes 

· isolation

· cutting 

· insertion 

· transformation 

· expression

5. Discuss three applications of GE [one plant, one animal, one microorganism]

6. Discuss the ethical issues of genetic engineering

2.5.10.H - 13.H           Mendelian Genetics 

At the end of this section students should be able to 

1. Discuss the work of Gregor Mendel leading to the expression of his findings in two laws

2. State the  Law of Segregation 

3. Explain the Law of Segregation

4. State the Law of Independent Assortment 

5. Explain the Law of Independent Assortment

6. Show the inheritance to the second filial generation (F2) of two unlinked traits using the Punnet square technique.

7. Define linkage 

8. Explain the change in 1:1:1:1 probability for a dihybrid heterozygote crossed with a dihybrid recessive organism. (Knowledge of crossing over is not required).

9. Explain sex linkage of genes

10. Give examples of common sex-linked traits

11. Discuss non nuclear inheritance, e.g. mitochondrial and chloroplast DNA.

14

