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Biology 
Upper Secondary level 

 
Chapter One 
Chemistry of organisms 
 
1.1 Chemical composition of cells 

Organic compounds 
Macro-elements 
Trace elements 
Ultra-trace elements 
Water in the cell: properties, functions 

1.2 Carbohydrates: structure, properties, 
occurrence and importance 

Monosaccharides  
Disaccharides  
Polysaccharides 

1.3 Lipids: structure, properties, occurrence 
and importance 

Saturated and unsaturated fatty acids 
Triglycerides – formation and hydrolysis of 
ester bonds 
Phospholipids 
Cholesterol as a component of cell surface 
membranes and as a precursor of steroid 
hormones and bile acids in animals 

1.4 Proteins 
General structure of amino acids 
Peptide bonds 
Structure of proteins: primary, secondary, 
tertiary and quaternary 
Biological significance of proteins 

1.5 Biochemical tests, chromatography and 
electrophoresis 

Biochemical tests for detecting carbohydrates 
Biochemical tests for detecting lipids 
Biochemical tests for detecting proteins 
Methods for separating mixtures of 
substances: 
 - chromatography (e.g. of amino acids or of 
chlorophyll components) – calculation of Rf 
value 
 - bi-directional chromatography 
 - electrophoresis (e.g. of serum proteins on 
agarose gel) 

 
 
 
 

Chapter Two 
Basics of cytology 
 
2.1 Morphology of prokaryotic and 

eukaryotic cells as seen under the light 
microscope 

Definition of the cell and cell organelles 
Cell size and shape – units used to measure 
cell size  
The light microscope as a basic tool in cell 
observations: resolution and magnification, 
structure of the light microscope, principles of 
specimen preparation 

Morphology of the prokaryotic cell 
Morphology of plant and animal cells  
Determining specimen size by means of the 
light microscope 
Determining numbers of cells (e.g. of red 
blood cells) by means of the light microscope 
and counting chambers 
Factors limiting the use of the light microscope 

2.2 Modern research methods in cytology 
The electron microscope: 
 - basic structure and principles of operation 
 - preparation of biological material for 
electron microscopy 
Determining the size of specimens from 
electron micrographs 
Basic structure and principles of operation of 
the scanning electron microscope 
Basic structure and principles of operation of 
the phase contrast microscope  
Methods of cell fractionation: 
 - differential centrifugation 
 - density-gradient centrifugation 
 - zonal centrifugation 

2.3 Cell ultrastructures 
Structure of cell membranes 
Cell organelles – structure, location and basic 
functions: nucleus, mitochondria, smooth and 
rough endoplasmic reticulum, Golgi complex 
and lysosomes, microtubules and 
microfilaments (centrioles), flagella and cilia  
Structures characteristic of plant cells: 
chloroplasts, cell wall, vacuole 

2.4 Specialisation of cells 
Relationship between cell structure and 
function (e.g. erythrocyte, epithelial cells, 
palisade mesophyll cell, nerve cell) 
Tissues – organs – systems of organs 

2.5 Transport across membranes 
Diffusion (Fick’s Law) and osmosis 
Isotonic, hypotonic and hypertonic 
environments 
Water potential and osmotic potential 
Osmosis in plant and animal cells  
Facilitated diffusion 
Membrane proteins engaged in transport 
across membranes (protein channels, carrier 
proteins, receptors) 
Active transport 
Exocytosis 
Endocytosis 
Pinocytosis 

2.6 Cell division – mitosis 
Mitotic division as a means of ensuring that 
the genetic material in daughter cells remains 
unchanged  
Cell cycle (relationship between the cell cycle 
and replication) 
Staining techniques used for examining the 
process of mitosis in plant cells 
Karyotype 

2.7 Meiotic division as reduction division 
The process of meiosis: phases of meiosis, 
meiosis as reduction division (diploid and 
haploid numbers of chromosomes) 
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Chapter Three 
Taxonomy 
 
3.1 Taxonomy 

The concept of taxonomy and its significance 
in biology 
Artificial classification (Linnaeus) and natural 
classification 
Taxonomic units 
Nomenclature  
Principles of taxonomic division – phylogeny 

3.2 Prokaryotes kingdom 
Characteristics of prokaryotes, as shown by 
selected representatives 

3.3 Protoctista kingdom 
Characteristics of protoctistans as shown by 
selected representatives  

3.4 Fungi kingdom 
Characteristics of fungi, as shown by selected 
representatives  

3.5 Plantae kingdom 
Characteristics of plants, as shown by selected 
representatives  

3.6 Animalia kingdom – invertebrates 
Characteristics of invertebrate animals, as 
shown by selected representatives  

3.7 Animalia kingdom – vertebrates 
Characteristics of vertebrate animals, as 
shown by selected representatives  

 
 
 
 

Chapter Four 
Metabolism 
 
4.1 Enzymes as biocatalysts 

Enzymes – globular proteins 
Activation energy, specific nature of enzyme 
activity 
Types of enzyme-catalysed reactions – classes 
of enzymes 
Enzyme-substrate complex and induced fit 
Factors affecting enzyme activity: 
temperature, pH, substrate concentration, 
enzyme concentration 
Inhibition of enzyme activity by: negative 
feedback, competitive inhibition, non-
competitive inhibition 

4.2 Industrial uses of enzymes 
Production of enzymes on industrial scale – 
bio-fermenters 
Use of enzymes in various human activities 
(taking into account their specificity and 
sensitivity): biological detergents, food 
industry 

4.3 Uses of enzymes in medical laboratories 
Enzymatic method for determining glucose 
concentration in blood plasma – application of 
glucose oxidase and peroxidase  
ELISA technique for determining the quantity 
of proteins in body fluids  

Determining enzyme activity in blood plasma 
in order to diagnose diseases, e.g. pancreatitis 
and heart attack 

4.4 Metabolic transformations 
Metabolism (transformations of matter and 
energy, anabolism and catabolism) 
ATP as a universal accumulator and 
transporter of energy in living organisms: ATP 
structure, high-energy bonds ,phosphorylation 
Role of ATP in metabolic transformations 

4.5 Autotrophic nutrition and 
photosynthesis 

The concept of autotrophic nutrition 
Types of autotrophic nutrition: 
photoautotrophic nutrition, chemoautotrophic 
nutrition 
Nature of photosynthesis 
Photosynthetic pigments 
Photosystems 

4.6 Biochemistry of photosynthesis 
Chloroplast structure 
Light-dependent stage (site in chloroplast and 
reactions) 
Light-independent stage (site in chloroplast 
and reactions) 
Products of photosynthesis 

4.7 Factors affecting photosynthesis 
Factors affecting photosynthesis: carbon 
dioxide concentration, temperature, light 
intensity, water 

4.8 Cell respiration 
Nature of cell respiration 
Respiratory substrates (calculating RQ)  
Anaerobic respiration – fermentation (rice as 
an example of a plant with a high rate of cell 
respiration and a high tolerance to the 
presence of ethanol) 

4.9 Aerobic respiration 
Phases of cell respiration (glycolysis, formation 
of acetyl CoA, the Krebs cycle, electron 
transport chain) – the most important 
transformations, sites in the cell and ATP 
production during each phase) 

 
 
 
 

Chapter Four 
Nervous coordination 
 
5.1 Excitability of nerve cells 

A nerve cell – the structure of a motor 
neurone 
Excitability of nerve cells: resting potential, 
action potential, pathway of a nerve impulse, 
refractory period 
Summary  
Conduction of a nerve impulse along an axon 
Relationship of conduction speed to the 
presence of a myelin sheath, the axon 
diameter and temperature  

5.2 Transmission of nerve impulses from cell 
to cell – synapses 

Synapse structure 
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The concept of neurotransmitter – function of 
chemical synapses 
Excitatory synapses (acetylcholine and 
noradrenalin) and inhibitory synapses 
Antagonistic and agonistic effects of chemical 
substances on synaptic transmission (nicotine, 
curare, atropine, antidepressant – Prozac, 
amphetamine, cocaine) 

5.3 Structure of the human nervous system 
Central nervous system  
Peripheral nervous system 

5.4 Involuntary functioning of the nervous 
system  

Reflex arc: phases of the reflex arc, simple 
reflexes – medullar reflexes (example)  

5.5 Autonomic nervous system 
Functional division of the autonomic nervous 
system 
Sympathetic system 
Parasympathetic system  
Functions of the sympathetic and 
parasympathetic systems  

5.6 Receptors 
Types of receptors  
Structure of the Pacinian corpuscle (lamellated 
corpuscle) as an example of a receptor  
Receptors are specific (sensation of pressure) 
Mechanism of excitation (activation of sodium 
channels) 

5.7 The eye 
Structure of the eye 
Photoreceptors (rods and cones, iodopsin, 
rhodopsin) – sensitivity to light of different 
wavelengths – the trichromatic theory of 
colour vision 
Light absorption by rhodopsin – the formation 
of a nerve impulse 
Transmission of nerve impulses to the brain 
via the optic nerve 

5.8 Animal behaviour as a form of 
adaptation to the environment 

Involuntary and voluntary reflexes 
The organism as an open system of 
information  
Response behaviour: kinesis, taxis 
Learning by experience 

 
 
 
 

Chapter Six 
Food ingestion and digestion 
 
6.1 Heterotrophic nutrition 

Nature of heterotrophic nutrition 
Intra-cellular and extra-cellular digestion 
(intestinal and extra-intestinal) 
Fungi – an example of saprophytic nutrition 
Variability of nutritional requirements in 
animals at different developmental stages 
(e.g. in the life cycle of a butterfly) 

6.2 Nutrients 
Importance of the following substances for 
humans: proteins (endogenous and 
exogenous amino acids, transamination), fats, 

carbohydrates, vitamins (vitamin D), mineral 
compounds (iron, calcium) 

6.3 Nutritional requirements  
Basal metabolic rate (BMR) 
Relation between BMR and the mass and 
surface area of the body 
Energy and protein requirements at different 
developmental stages 
Energy requirements according to the type of 
work performed  
Balanced diet, vegetarian diet 
Special nutritional requirements of women 
during: pregnancy, reproductive period (iron)  

6.4 Human alimentary canal 
Structure of the alimentary canal  
Peristaltic contractions 
Salivary glands, pancreas and liver – location, 
the main structural features and their 
importance in the functioning of the 
alimentary canal 
Mechanical and chemical digestion  
Chemical digestion – hydrolyses – and main 
groups of digestive enzymes: amylases, 
proteases, lipases  

6.5 Food processing in the alimentary canal 
Carbohydrate digestion 
Protein digestion 
Lipid digestion (the role of bile in digesting 
fats) 
Nervous and hormonal regulation of the 
secretion of digestive juices and bile (gastrin, 
secretin, cholecystokinin – pancreozymin) 

6.6 Absorption of digestion products 
Histology of the wall of different parts of the 
alimentary canal in relation to its digestive and 
absorptive functions 
Absorption of digestion products 
Active absorption of digestion products 
Absorption of lipids from foods 

6.7 Digestion of food rich in cellulose 
Symbiotic micro organisms of the digestive 
system 
Structure and function of the herbivore 
stomach 

 
 
 
 

Chapter Seven 
Internal transport  
 
7.1 Transport of substances in animals 

Relationship between the development of the 
circulatory system and the need to ensure 
efficient transport 
Blood – a tissue composed of plasma and 
different blood cells 
Structure and function of blood vessels – 
veins, arteries and capillaries  
Erythrocytes as cells specialized for 
transporting oxygen (presence of hemoglobin, 
surface area to volume ratio) 
Capillaries as the site of substance exchange 
between blood and its surroundings – 
formation of tissue fluid and its return to the 
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capillary bed – the role of the lymphatic 
system 

7.2 Physiology of heart activity 
Structure of the mammalian circulatory 
system  
Structure of the heart 
Mechanical activity of the heart (quantitive 
and qualitative analysis of a single cardiac 
cycle) 
Blood pressure  
Cardiac pacemaker 
Cardiac output  
Flow of blood through organs during the 
resting state 
Nervous and chemical regulation of heart 
activity  
Effects of physical effort on cardiac output and 
the flow of blood through organs 

7.3 Transport in plants 
Structure of xylem and phloem 
Adaptations of roots for the absorption of 
water and mineral salts from soil  
Water intake and the mechanism of water 
transport in roots (apoplast, symplast) 
Factors bringing about the flow of water in 
vessels (water potential, root pressure, 
cohesion, transpiration) 
Transport mechanisms in phloem 

7.4 Transpiration 
Types of transpiration 
Stomata – position, structure, opening and 
closing mechanisms 
Factors influencing transpiration 
Xerophytes (sorghum as a crop plant in dry 
and hot regions) 

 
 
 
 

Chapter Eight 
Respiratory gas exchange  
 
8.1 Respiratory surfaces 

Respiratory surfaces – gas diffusion – Fick’s 
Law 
Organs of gas exchange in animals:  
- gas exchange in aquatic organisms (direct 
respiration through the body surface, 
adaptation of gills to drawing in oxygen and 
forcing out carbon dioxide) 
- gas exchange in land organisms (tracheae of 
insects and lungs of vertebrates)  
Gas exchange in plants (spongy mesophyll of 
a dicotyledonous leaf) 
Functional and structural compromise between 
the need for effective gas exchange and the 
need to limit water loss (land insects and 
mesophytes) 

8.2 Transport of respiratory gases 
Respiratory pigments in animals 
Role of blood in transport of respiratory gases 
(oxygen dissociation curve for haemoglobin, 
Bohr effect, carbon dioxide transport) 
Control of pH  
Fetal hemoglobin – comparison with adult 
hemoglobin 

8.3 Physiology of the human respiratory 
system 

Anatomy of the respiratory system 
Structure of the alveolus (alveolar epithelium, 
alveolar blood supply, the role of surfactant) 
Tidal volume 
Mechanisms of pulmonary ventilation 
Nervous and chemical regulation of respiratory 
action  
Effects of physical effort on respiration rate  

 
 
 
 

Chapter Nine 
Physiology of muscles 
 
9.1 Physiology of muscle contractions 

Structure of skeletal muscles and muscle 
fibres (ultrastructure of microfibrils) 
Neuromuscular junction 
Physiology of muscle contractions – sliding 
filament model (role of actin, myosin, calcium 
ions and ATP) 

9.2 Chemistry of muscle contraction 
ATP 
Creatine phosphate 
Structure, location and properties of slow and 
fast muscle fibres 

 
 
 
 

Chapter Ten 
Reproduction 
 
10.1 Physiology of the human reproductive 

system 
Male reproductive system 
Histology of the testis 
Spermatogenesis in the testes (meiosis as a 
process leading to the formation of 
reproductive cells) 
Structure of the sperm cell and sperm 
movements 
Female reproductive system 
Histology of the ovary 
Oogenesis in the ovaries (meiosis, inhibition of 
the division) 
Structure of the egg cell 

10.2 Fertilization 
Hormonal control of the menstrual cycle 
(phases of the cycle, changes in the 
endometrium) 
Fertilization: 
- pathway of sperm cells through the female 
reproductive system 
- fusion of sperm and egg 
- formation of a zygote with a diploid number 
of chromosomes 
Development of the blastocyst and its 
implantation in the uterine wall 

10.3 Development of the human embryo  
Fetal circulation 
Structure and function of the placenta 
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Physiology of pregnancy (thermoregulation, 
changes in blood volume and cardiac output) 
Hormonal regulation of pregnancy, labour and 
lactation 

10.4 Birth control in animals 
Hormonal contraceptives and fertility control in 
women  
Use of contraceptives to regulate the 
reproduction of farm animals 
Use of contraceptives in farm animals to 
increase milk production 

10.5 Growth and development of the 
organism 

Growth of an organism 
Changes during puberty 
Hormonal control of growth and puberty 

10.6 Ageing process 
Effects of ageing on basal metabolic rate 
(BMR), cardiac output and nerve impulse 
conduction 
Age and fertility in women – changes in the 
secretion of sex hormones 

10.7 Sexual reproduction in plants 
Flower structure in flowering plants  
Development of pollen 
Development of an embryo sac 
Pollination (self-pollination, cross-pollination, 
mechanisms preventing self-pollination – 
protogyny – protandry, comparison of wind- 
and insect-pollinated plants) 
Double fertilization, seed and fruit formation 

 
 
 
 

Chapter Eleven 
Homeostasis  
 
11.1 The concept of homeostasis 

Internal and external environment of an 
organism 
The concept of homeostasis 
Optimum value – stimulus – receptor – control 
centre – effector – response 
Negative feedback mechanism 
Positive feedback mechanism 

11.2 Hormonal regulation 
The concept of hormone 
Specific nature of hormones 
Types of hormones 
Human endocrine system 
The principal human hormones 

11.3 Thermoregulation 
Exothermic organisms (reptiles) and 
endothermic organisms (mammals) 
Maintaining a constant body temperature 
(hypothermia, hyperthermia) 
Structure of mammalian skin structure and its 
role in thermoregulation (temperature 
receptors, system of blood vessels, sweat 
glands, hair)  
Thermoregulation centre in the hypothalamus 
Complex response of an organism to changes 
in temperature 

11.4 Regulation of glucose level in the blood 

Importance of maintaining a constant level of 
glucose in the blood (effects of hypoglycaemia 
and hyperglycaemia) 
Principal metabolic transformations of glucose 
Effects of insulin and glucagons on glucose 
metabolism 
Diabetes 

11.5 The liver as a homeostatic organ 
Role of the liver in metabolism: 
- regulation of lipid level 
- protein synthesis 
- removal of toxins from the organism 
- bile production 
The urea cycle 

11.6 Role of the kidneys in regulating water-
electrolyte balance – Part 1 

Structure and function of the kidney (revision) 
Filtration barrier of the kidney (endothelium of 
renal capillaries, filtration membrane, 
podocytes – characteristic structure and 
importance in the process of filtration) 
Glomerular filtration as the basic parameter in 
assessing kidney function 
Structure of the proximal convoluted tubule 
Mechanisms of reabsorption:  
- role of sodium/potassium ATPase on the 
basolateral pole of the proximal convoluted 
tubule 
- carrier proteins – their role in the 
reabsorption of glucose and sodium ions   
- facilitated diffusion – transport of glucose 
across the basolateral membrane to blood 
Renal threshold 
Role of the renin–angiotensin–aldosterone 
pathway in regulating blood pressure and the 
concentration of sodium and potassium ions in 
the blood 

11.7 Role of the kidneys in regulating water-
electrolyte balance – Part 2 

Regulation of the amount of water excreted in 
the urine: 
- mechanism of the formation and 
maintenance of the osmolality gradient in the 
renal medulla (counter-current mechanism) – 
water reabsorption in the loop of Henle, 
- role of ADH in regulating the amount of 
water absorbed in the distal convoluted tubule 
and collecting duct - depending on blood 
pressure and blood osmolality in the capillary 
bed 
Water balance in humans 

11.8 Regulation of water loss in desert 
animals 

Body coverings that limit water loss 
Use of metabolic water 
Limiting cellular respiration 
Reduction of the amount of water excreted in 
the urine 
Modes of behaviour 
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Chapter Twelve 
Human health 
 
12.1 Healthy lifestyle 

Definition of health, characteristics of a 
healthy organism 
Significance of a balanced diet in maintaining 
health 
Nutritional requirements 
Obesity and anorexia 
Effects of smoking on the body 

12.2 The concept of disease 
Definition of disease 
Types of diseases according to pathogenic 
factors: 
- infectious diseases (modes of transmission, 
endemic disease, epidemic disease, pandemic 
disease) 
- parasitic diseases 
- genetic diseases 
- diseases caused by malnutrition 
(avitaminoses) 
- diseases caused by environmental factors  
- autoimmune diseases  

12.3 Bacterial diseases 
Sigmoidal growth curve of a bacterial culture, 
effects of temperature and availability of 
nutrients on the growth of bacterial 
populations 
Koch’s postulates 
Pathogenic activity of microorganisms 
(destruction of cells, production of toxins) 
Examples of pathogenic bacteria – Vibrio 
cholerae, Salmonella spp., Mycobacterium 
tuberculosis – modes of transmission, main 
symptoms, prevention and treatment 

12.4 Parasitic diseases 
Schistosoma – adaptation of adult forms to a 
parasitic lifestyle, life cycle – changes in form 
and modes of reproduction in larvae living in 
different environments, portals of infection, 
pathogenicity 
Plasmodium – a protoctistan causing malaria – 
life cycle, pathogenicity, treatment, control  

12.5 Auto immune deficiency syndrome 
(AIDS) – an example of a viral disease 

Structure of human immunodeficiency virus 
(HIV) 
HIV life cycle  
Modes of HIV transmission – high-risk 
activities 
Pathogenicity – destruction of the immune 
system 
Opportunistic infections 

12.6 Human immunity 
The concept of immunity 
Antigens and antibodies 
Innate immunity – non-specific 
Acquired immunity – specific (active and 
passive – antibodies crossing the placenta) 
Cellular immunity (T lymphocytes) and 
humoral immunity (B lymphocytes) 
Immunological memory, secondary immune 
response 
Vaccination (introduction of killed or 
attenuated microorganisms into the organism) 

12.7 Ischemic heart disease 
Coronary vessels 
Atherosclerotic plaque – the role of lipids in its 
formation, effects on oxygen deficiency in the 
cardiac muscle, increased risk of clot 
formation 
Heart attack 
Risk factors for ischemic heart disease: 
cholesterol concentration in the blood, 
smoking, hypertension 

12.8 Cancer 
Biological properties of malignant neoplasm 
Stages of neoplasm development 
Carcinogenic factors: 
environmental 
viral 
genetically conditioned 

12.9 Actions of particular groups of 
medicines 

Antibiotics –bactericidal and bacteriostatic 
actions 
Beta-blockers –lowering of blood pressure by 
blocking receptors  
Monoclonal antibodies – biological medicines 
(examples of application) 

 
 
 
 

Chapter Thirteen 
Genetic information 
 
13.1 DNA – the carrier of genetic information 

Definition of a gene as a factor determining 
protein structure 
Evidence that DNA is the genetic material 
Position of genes in chromosomes 
(homologous chromosomes, locus, allele) 
DNA structure 
DNA replication 

13.2 Organization of DNA in chromosomes 
Chromosome structure 
Karyotype 

13.3 Cloning 
The concept of clone 
Asexual reproduction as a source of cloning in 
plants  
Applications of plant asexual reproduction in 
agriculture  
Plant cell and tissue cultures 
(micropropagation) 
Animal cloning  

13.4 Genetic code and protein synthesis 
The gene as a fragment of DNA, exons, introns 
Properties of the genetic code 
Messenger RNA – a rough pattern for a gene 
(mRNA structure, transcription) 
Protein synthesis on mRNA matrix (ribosomes, 
transfer RNA, translation) 
Metabolic defects – phenylketonuria, cystic 
fibrosis 

13.5 Mutations 
Mutations as changes in DNA: addition, 
deletion, substitution, inversion, duplication 
Effects of mutations (negative and positive) 
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Mutagens 
Molecular basis for the neoplastic process – 
mutations of somatic cells 
Oncogenes and suppressor genes of the 
neoplastic process 

13.6 Chromosomal mutations 
Numerical chromosomal aberrations (Down’s 
syndrome, Turner’s syndrome, Klinefelter 
syndrome) 
Structural chromosomal aberrations 
(translocations – Down’s syndrome) 

 
 
 
 

Chapter Fourteen 
Genetic engineering  
 
14.1 Techniques of genetic engineering 

Basic techniques of genetic engineering: 
- DNA isolation 
 - application of restriction endonucleases – 
sticky ends 
- application of ligases – incorporation of a 
gene into a vector 
- transformation, isolation of microorganisms 
with a required genetic trait 
- multiplication of genetically modified 
microorganisms (fermenters) – isolation of a 
gene product 
DNA amplification by means of polymerase 
chain reaction 

14.2 Medical applications of genetic 
engineering in medicine 

New generations of medicines obtained by 
genetic engineering (recombinant insulin, 
erythropoietin, growth hormone) 
Gene therapy (examples, problems) 
Detection of genetically related diseases 
(prenatal diagnostics, genetic probes) 
Use of DNA sequences in forensic medicine 

14.3 Transgenic organisms 
Genetic modifications of crop plants 
Genetic modifications of farm animals 
Ethical and moral problems of genetic 
engineering 

 
 
 
 
Chapter Fifteen 
Genetics according to Mendel 
 
15.1 Inheritance of a single trait 

Contribution of Gregor Mendel to the 
development of genetics  
Phenotype, genotype, dominant and recessive 
traits, allele, principles of the Punnett square 
Mendel’s First Law of Genetics 
Genetic pedigree and analysis of phenotype-
to-genotype ratio in the case of inheriting a 
single trait: Huntington’s chorea (defect in 
dominant gene), cystic fibrosis (defect in 
recessive gene) 

15.2 Inheritance of two or more 
traits Mendel’s Second Law of Genetics 
Analysis of phenotype-to-genotype ratio in the 
case of inheriting two independent traits  
Co-dominance: sickle cell disease, blood 
groups 
Epistasis – inheritance of hair colour in cats 

15.2 Sex inheritance 
Sex chromosomes, principles of sex 
inheritance in humans 
Linked traits 
Traits linked to gender – hemophilia, hair loss 

 
 
 
 

Chapter Sixteen 
Variation in organisms 
 
16.1 The nature of variation 

The concept of species, variation within a 
species – individual variation 
Random variation (blood groups) 
Continuous variation (growth in humans) 
Assessment of a given trait distribution in a 
population: random sampling, graphic 
representation of orderly statistical series – 
normal distribution, range of values, mean 
value and standard deviation as parameters 
used for determining variation 

16.2 Factors influencing variation 
Environmental variation 
Inherited variation: 
recombinant (recombination of genetic 
material during meiosis – chiasmata and 
crossing–over) 
mutational (gene mutations, chromosomal mutations) 
Variation due to combined environmental and 
genetic factors  
Polygenic inheritance 

16.3 Elements of population genetics 
The concept of a gene pool in a population – 
Hardy-Weinberg principle: 
conditions for fulfilling the Hardy-Weinberg 
principle 
calculating the frequency of gene occurrence 
in a population (Hardy-Weinberg equation) 

16.4 Factors disturbing the equilibrium in a 
gene pool 

The concept of natural selection: stabilizing 
selection, directional selection, disruptive 
selection 
Sickle cell disease and malaria –an example of 
heterozygotes being favoured in a hostile 
(malarial) environment 
Evolution of  antibiotic-resistant bacteria and 
chemical-resistant pests as a result of human 
activity 

16.5 Formation of species – speciation 
Isolation as a mechanism leading to the 
formation of new species: 
geographical isolation (Darwin’s finches) 
reproductive isolation (e.g. habitat isolation, 
seasonal isolation, ethological isolation) 
Factors affecting types of speciation: 
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spatial relationships between populations 
(sympatric and allopatric speciation) 
speed of speciation (gradual or rapid 
speciation) 
number of evolved species (radiative and 
phyletic speciation) 

 
 
 
 

Chapter Seventeen 
Population 
 
17.1 Features of populations 

The concepts of ecosystem, community, 
population, environment, habitat, ecological 
niche 
Determining the number and density of 
individuals in a population – modern research 
methods used in ecology (random sample – 
square method, animal marking, basic 
statistical methods used in population 
research) 

17.2 Biodiversity 
Biodiversity and its significance for the 
stability of a population 
Assessment of biodiversity – biodiversity index  
Biotic and abiotic factors affecting biodiversity 

17.3 The concept of ecosystem 
The concept of ecosystem 
Producers, consumers and decomposers 
Food chains and trophic levels 
Pyramids of energy, biomass and productivity 

17.4 Flow of energy and circulation of matter 
Energy flow through an ecosystem 
Carbon cycle in nature: 
role of cellular respiration and photosynthesis 
in balancing the amount of oxygen and carbon 
dioxide in the atmosphere 
greenhouse effect 
Nitrogen cycle in nature: 
role of microorganisms 

17.5 Ecologic succession  
The concept of succession 
Primary succession – examples 
Secondary succession – examples 

17.6 Effects of human activity on ecosystems 
Cutting down forests - transformation of 
forests into agricultural land (effects on 
biodiversity and on the carbon and nitrogen 
cycles) 
Protection of forest resources 

17.7 Changes in abiotic factors introduced by 
humans to increase crop yield 

Greenhouses 
Preventing soil depletion – fertilization 
(organic and inorganic fertilizers – advantages 
and disadvantages) 
Eutrophication 

 
 
 


