UNIVERSAL Curriculum.com

Content & eLearning Technologies for K-12 Education

Biology

Lower Secondary level

Table of Contents

Hywew

Young Digital Poland
EDUCATION TECHNOLOGIES




Biology
Lower Secondary level

Chapter One
The cell - the basic structural unit of
living organisms

1.1 Structure of plant and animal cells
Cell structures
Comparison of plant and animal cells
Basic functions of cell organelles

1.2 Microscopes and the size of cells
A short history of the microscope
Structure of the light microscope
The electron microscope
Units for measuring the sizes of cells and cell
organelles

1.3 Chemical composition of cells
Water as the cell’s internal environment
Amino acids as structural elements of protein
Enzymes and structural proteins
Carbohydrates as an energy source
Lipids as an energy source and as components
of cell surface membranes

1.4 The nucleus as a store of genetic

material

DNA as genetic material
DNA organization in chromosomes
Haploid and diploid numbers of chromosomes,
homologous chromosomes

1.5 Cell division
Mitosis and its significance
Meiosis and its significance

1.6 Cell specialization
The significance of cell specialization
Examples of diversification of plant and animal
cells
Relation between cell structure and function
(e.g. nerve cell, erythrocyte, palisade
mesophyll cell)
Organizational levels of the bodies of plants
and animals (cells, tissues, organs, systems of
organs).

1.7 Transport across membranes
Structure and basic characteristics of the cell
surface membrane
Diffusion
Osmosis: in animal cells, in plant cells
Active transport

1.8 Metabolic transformations in a cell
The concept of metabolic transformations
Role of enzymes in metabolic reactions
Basis of enzyme classification
Factors affecting enzyme activity (enzyme
inhibitors, temperature, pH, substrate
concentration)

1.9 Plant tissues
Plant tissues: meristems and true tissues
Structure and functions of true tissues in
plants: epidermal tissue, packing tissue,
supportive tissue, vascular tissue, glandular
tissue, photosynthetic tissue

1.10 Animal tissues
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Structure and function of tissues in animals:
epithelial tissue, muscle tissue (smooth
muscle, striated muscle and cardiac muscle)
connective tissue, nervous tissue, skeletal
tissue, blood

Chapter Two
The diversity of living organisms

2.1 Classification of organisms
Natural and artificial systems of classification
Taxonomic units, the concept of species
Binomial nomenclature
2.2 Characteristics of organisms belonging
to the Monera, Protoctista and Fungi
kingdom
Characteristic structure and features as shown
by representatives of:
Monera (prokaryotes)
Protoctista
Fungi
2.3 Characteristics of organisms belonging
to the Plant kingdom
Characteristic structure and features as shown
by representatives of:
non-flowering plants
flowering plants (gymnosperms and
angiosperms)
2.4 Characteristics of invertebrates
Characteristics of major invertebrate groups
2.5 Reproduction in invertebrates
Asexual reproduction
Sexual reproduction, simple and complex
development
2.6 Characteristics of vertebrates
Characteristics of vertebrate classes
2.7 Reproduction in vertebrates
Oviparity, ovoviparity, viviparity
2.8 \Viruses
Structure of a virus particle
Plasmids
Multiplication of viruses

Chapter Three
Structure and functions of the human
organism

Circulation
3.1 Blood
Composition of plasma
Structure and functions of blood cells
Role of blood in transport of respiratory gases
3.2 Blood vessels
Structure and functions of: veins, arteries,
capillaries



Exchange of components between capillary
blood and tissue fluid

3.3 Blood groups and the Rhesus factor
Blood groups
Rhesus factor
Medical importance of blood
Selection of compatible blood of the ABO and
Rh systems for blood transfusion

3.4 The circulatory system
Structure of the heart
Circulation: pulmonary circulation, systemic
circulation
The cardiac cycle

3.5 Effects of physical effort on the

functioning of the circulatory system
Blood pressure
Effects of physical effort on heart rate, blood
pressure and respiration rate

3.6 Risk factors for heart attack
Heart attack as a factor in the total death rate
in developed countries
Atherosclerosis as a cause of heart attack
Risk factors for atherosclerosis
Healthy lifestyle as a factor in the prevention
of atherosclerosis

Nutrition

3.7 Nutrients
Types of nutrients and their role in the
organism:
- organic compounds: proteins, fats,
carbohydrates, vitamins, dietary fibre
- inorganic compounds: mineral salts, water
Sources of nutrients
Dietary requirements according to age and
gender
Food additives (preservatives, colouring
agents)
Nutritional deficiencies (avitaminoses, anemia)
3.8 The human alimentary canal
Structure of the alimentary canal
Relation between structure and function of
particular sections of the alimentary canal
Structural and functional connection between
the liver (bile acids), the pancreas (enzymes)
and the alimentary canal
3.9 Digestion
Mechanical digestion
Chemical digestion - digestive enzymes - sites
of activity, types of substrates, products of
activity
Role of bile in lipid digestion
Role of intestinal bacteria in digestion and
vitamin synthesis

3.10 Absorption - the role of the small

intestine and the liver
Structure of the wall of the small intestine and
its adaptation for the absorption of digested
food
Absorption of the products of protein and
carbohydrate digestion
Absorption of the products of lipid digestion
Hepatic portal system and functions of the
liver:
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- storage and release of glucose to blood,
- removal and breakdown of toxic substances

Respiration

3.11 The respiratory system
Airways
Mechanism of lung ventilation
Composition of inhaled and exhaled air
Gas exchange in the alveoli

3.12 Cellular respiration and energy

production
Aerobic respiration
Anaerobic respiration in human cells - oxygen
starvation

Nervous System
3.13 The nervous system as a receptor of

stimuli from the environment

Sensitivity of living organisms
Types of nervous stimuli
Path of a nerve impulse from receptor to
effector organ
Structure of a neurone
Synapse
The concept of neurotransmitter
Types of neurones (sensory, motor and
intermediary neurones)

3.14 Structure of the nervous system
Nerves and the nerve centre
Structural division of the nervous system:
central nervous system, peripheral nervous
system

3.15 Functional division of the peripheral

nervous system
Somatic nervous system - conscious actions
Autonomic nervous system
3.16 Involuntary responses of the nervous

system
Reflex arc
Involuntary responses
Voluntary responses
Pavlov’s experiments
3.17 Sensory organs
External receptors (sensation)
Internal receptors (homeostasis)
Sensory organs of taste and smell
3.18 The eye and the ear
Structure of the eye and the mechanism of
sight
Structure of the ear and the mechanism of
hearing
The sense of balance

Hormones

3.19 Hormones and endocrine glands
Definition of a hormone, types of hormones
(proteins and steroids), specificity of their
activity



Review of human endocrine glands, the
hormones that they produce and the main
processes regulated by these hormones
Regulation of hormone secretion by negative
feedback
The dominant role of the pituitary gland in the
functioning of the endocrine system

3.20 Hormonal regulation of life processes
Hormonal regulation of glucose level in blood
Adrenalin
Growth hormone
Thyroid hormones

3.21 Sex hormones
Male sex hormones
Female sex hormones
Influence of sex hormones on the
development of secondary sex characteristics
Hormonal regulation of the menstrual cycle
Contraceptives
Hormones in the treatment of infertility

Human Locomotion system
3.22 The skeletal system

Structure of bones
Joints
Structure of the skeleton

3.23 Skeletal muscles
Structure and physiology of skeletal muscles
Mechanics of muscle contraction

Homestasis

3.24 The concept of homeostasis
External and internal environment of the
organism
Dynamic equilibrium - ranges of ideal values
Negative and positive feedback mechanisms
Cooperative role of the nervous and endocrine
systems in the maintenance of homeostasis
3.25 Regulation of the amount and
composition of body fluids by the
kidneys
Excretion
Production of urine: filtration, reabsorption
and secretion
Role of ADH in the regulation of the amount of
water excreted
Kidney-substitution treatment: hemodialysis
and kidney transplants
3.26 Thermoregulation
The importance of maintaining constant body
temperature
Structure of human skin
Temperature receptors
Temperature-regulating mechanisms -
perspiration, expansion and contraction of
blood vessels, shivering
Role of the nervous system in the regulation of
body temperature
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Human reproduction

3.27 The reproductive system
Structure of the male reproductive system
Male reproductive cells
Structure of the female reproductive system
Female reproductive cells

3.28 Development of the human embryo
Fertilization
Stages of embryonal development
Role of the placenta
Birth

Health and diseases

3.29. The human immune system
Pathogenic factors, types of disease
(infectious, genetic and neoplastic diseases)
The concept of immunity
Functions of the immune system (passive and
active immunity)
Cellular and humoral immunity (the concepts
of antigen and antibody)
Acquired immunity - vaccination

3.30. Vaccinations
Epidemics - causes and effects, mechanisms
of development, prevention and control
History of vaccinations - Pasteur and Jenner
Importance of vaccinations in combating
infectious diseases

3.31. Diseases caused by bacteria (basic

symptoms, modes of transmission,

prevention)
Tuberculosis
Salmonella
Cholera
Plague
Syphilis
3.32 Viral diseases (basic symptoms, modes

of transmission, prevention)
Influenza
Childhood diseases (measles, mumps,
chickenpox, rubella)
Poliomyelitis
Smallpox
Viral hepatitis
3.33 Human immunodeficiency virus (HIV)
Structure of HIV
Life cycle of HIV
High-risk activities
3.34. Antiseptics and antibiotics
Definition of antisepsis
The actions of antibiotics and their significance
in medicine
Penicillin and Alexander Fleming
Problem of antibiotic resistance in bacteria
3.35. Parasitic diseases
Universal parasites of the human alimentary
canal (pork tapeworm, beef tapeworm, Ascaris
and Enterobius)
Malaria
3.36. Effects of drugs, alcohol and cigarettes

on the organism



Types of drugs (painkillers, stimulants,
hallucinogens, sedatives)

Effects of drugs on the organism - drug
addiction

Effects of alcohol on the organism - alcoholism
Effects of smoking on human health

Chapter Four
Life processes in plants

Plant nutrition

4.1

Photosynthesis
The reaction of photosynthesis (substrates,
products), the role of chlorophyll in
photosynthesis
Light-dependent and light-independent
reactions of photosynthesis
Site of photosynthesis, leaf structure as an
adaptation for photosynthesis
Conditions for photosynthesis (light,
temperature, carbon dioxide, water)
Photosynthesis and respiration
The significance of photosynthesis

4.2 Mineral nutrition in plants

4.3

4.4

Macro-elements
Trace elements
Ultra-trace elements
Importance of nitrogen, phosphorus,
potassium, sulphur, calcium and magnesium
for optimum plant growth
Inorganic fertilizers
Food production
Influence of soil pH on plant growth
Hydroponic cultivation
Greenhouses
Soil fertilization (types of fertilizers)
Herbicides
Plant diseases and methods for their control
Carnivorous plants
The significance of carnivorousness o plants
Characteristics of carnivorous plants (e.g.
round-leaved sundew, Venus flytrap, pitcher
plant)

Plant reproduction

4.5

4.6

Plant reproduction
Alternation of generations in non-flowering
plants:
- non-flowering plants with a dominant
gametophyte
- on-flowering plants with a dominant
sporophyte
Alternation of generations in flowering plants:
- gymnosperms
- angiosperms

Seed germination and plant growth
Structure and chemical composition of seeds
Process of germination
Development of vegetative organs.
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Transport in plants and plant movements

4.7

4.8

4.9

Water transport in plants
Structure of xylem, its location and functions
(support and transport)
Intake of mineral salts by roots (diffusion,
active transport)
Mechanisms of water transport in plants:
- root pressure
- tension force of leaves (transpiration,
cohesion, adhesion)
Types of transpiration (stomatal and cuticular)
Factors affecting transpiration (temperature,
humidity, air movements)
Water balance in plants (turgor)

Transport and accumulation of organic

substances in plants
Structure of phloem, its location and transport
functions
Transport of products of photosynthesis
Accumulation of products of photosynthesis by
plants (types of nutrients, storage organs in
plants)

Responsiveness and movement in

plants
Tropisms: phototropism, geotropism,
hydrotropism, thigmotropism
Role of auxins
Application of auxins
Other growth substances (cytokinins and

gibberellins)

Chapter Five
Variation, heredity and evolution

Variation of organisms

5.1.

5.2

5.3

Variation of organisms
Inherited and acquired traits
Genetic variation
Environmental variation
Continuous and discontinuous variation
Reproduction and variation
Clones as organisms created by processes of
asexual reproduction
Sexual reproduction as a source of genetic
variation: recombination
Mutations as a source of variation in
organisms
The concept of mutation as a change in
genetic material
Mutations in somatic cells (neoplasms)
Mutations in reproductive cells (new traits)
Spontaneous mutations and mutations
brought about by mutagens

Heredity

5.4.

Heredity according to Mendel
Mendel - the discoverer of the principles of
heredity



Basic terms in genetics (gene, allele,
phenotype, genotype, homozygote,
heterozygote, dominant trait, recessive trait)
Arranging the genetic mosaic
Mendel’s Laws

5.5 The principles of sex inheritance in

humans

Male and female karyotypes
Sex chromosomes in male and female
gametes
Possible combinations of sex chromosomes in
a zygote (genetic mosaic)
Turner’s syndrome
Klinefelter's syndrome

5.5. The chromosomal theory of inheritance
Location of genes in chromosomes
Linked genes
Crossing-over
Chromosome maps

5.6 Genetic diseases
Causes, basic symptoms and frequency of
occurrence of genetic diseases brought about
by: numerical chromosomal aberrations, e.g.
Down’s syndrome, structural aberrations of
genetic material, e.g. hemophilia, cystic
fibrosis, sickle cell disease
Family tree

5.7 Inheritance of blood groups in humans
Human blood groups
Principles of blood group inheritance
Application of the principles of blood group
inheritance in determining paternity

5.8 Nucleic acids
Types and structure of nucleic acids: DNA,
RNA - messenger RNA as a rough pattern for
a gene, transfer RNA, ribosomal RNA

5.9 The gene as a structural and functional

unit of DNA
Genetic code
Protein synthesis

5.10 Mutations as changes in DNA
Types of mutations at a DNA level (base
substitution, deletion, duplication)
Molecular effects of mutations - sickle cell
disease as the first molecular disease to be
discovered

Evolution

5.11 Theories on the origin of life on Earth
Creationism
Evolutionism
Evidence for the common origin and
evolutionary development of living organisms
from: paleontology, comparative anatomy and
physiology, embryology and genetics

5.12 Charles Darwin and the theory of

evolution
Charles Darwin
The essentials of Darwin’s theory of evolution:
over-production, variation, struggle for
existence, natural selection (survival of the
fittest)

5.13 The formation of species - speciation
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Explanation that evolution precedes at a
population level
Evolutionary forces: inherited variation
(mutations), natural selection (stabilizing
selection, directional selection and disruptive
selection), isolation (e.g. geographic and
reproductive), random events (genetic drift)
Extinction of species
Allopatric and sympatric speciation
Characteristics of evolution (rate,
irreversibility, progressive nature)

5.14 The history of life on Earth
Cell evolution
Major stages in plant evolution
Major stages in animal evolution

5.15 Human evolution
Our place in the world of animals - taxonomic
position of humans
Stages in human evolution

Chapter Six
Biotechnology and genetic
engineering

How we fight microorganisms and how
we use them

6.1 Bacterial growth
Optimum conditions for the growth of a
bacterial culture (temperature, organic
nutrients, water, pH, oxygen)
Liquid and solid substrates, sterility of
substrates
Food spoilage as a result of bacterial growth -
Louis Pasteur’s experiment

6.2 Protecting food against from spoilage by

bacteria
Inhibiting bacterial growth (freezing, drying,
high concentration of sugar or salt)
Destruction of bacteria (pasteurization,
preservatives, UV radiation or gamma rays)
6.3 Biotechnology past and present
Use of yeasts and bacteria in the food industry
(baking, and the production of alcohols,
cheeses, yoghurts and soy sauce)
Antibiotics
Fungi as a source of proteins -single-cell
protein
Fermenters - principles of their activity
6.4 Industrial uses of bacteria
Bacteria in sewage plants
Biogas production
Production of enzymes for washing powders

Genetic engineering
6.5 Genetic engineering and its applications
in biotechnology
Cutting out and inserting genes - restriction
endonucleases and DNA ligases
Use of plasmids and bacteria in genetic
engineering



Medical applications of genetic engineering
(production of insulin, somatotrophin,
erythropoietin)

6.6 Other applications of genetic

engineering

Genetic probes in the diagnosis of genetic
diseases
Genetic ,fingerprints”
Human Genome Project

6.7 Genetic modifications of organisms
Selection in plant and animal farming -
examples
Transgenic organisms (methods of creation
and examples)
Animal cloning
Gene therapy
Ethical problems of genetic engineering

Chapter Seven
Living organisms and their
environment

7.1 Population
Environment - biotic and abiotic factors
Ecological niche
Individual - species - population
Characteristics of a population: number,
density, natality (births), mortality (deaths)
Survivorship curves

7.2 Intraspecific and interspecific

dependencies
Competition
Predation
Predator-prey dynamics in a population

7.3 Symbiosis
Definition of symbiosis
Examples of symbiosis: fungi and tree roots,
fungi and algae - lichens

7.4 Life on land
Adaptation of insects to life on land (including
diverse modes of feeding)
Adaptation of birds to flight
Adaptation of reptiles to life on land
(comparison of reptilian and amphibian
features)
Adaptation of plants to life on land

7.5 Life in water
Characteristics of the aquatic environment
Adaptation of fish to life in water
Adaptation of mammals to life in water
(whales, seals)

7.6 Adaptations of organisms to the

environment
Examples of adaptations to different
environments:
- movement through air: pine pollen -
dandelion seeds - spider - butterfly - flying
fish - bird - bat
- coping with water shortage: cactus -
lungfish - camel
- movement through water (birds’ wings):
grebe - cormorant - razorbill - penguin
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- seeing in the dark (eyes): owl - bat - blind
cave tetra (fish)
7.7 Different modes of feeding in mammals
Dentition of omnivores (humans), carnivores
(dog) and herbivores (rabbit) - adaptations
for obtaining and consuming different types of
food.
Herbivore digestive system - cellulose
digestion
Carnivore digestive system - protein digestion
7.8 Humans and environment
Population growth - growth curves, population
explosion
Consequences of increasing population
numbers - over-exploitation of resources
(deforestation, soil erosion, over-fishing)
7.9 Environmental pollution
Types of pollutants and their effects on the
environment:
- Sulphur dioxide and nitrous oxides (acid
rains)
- Heavy metals
- Chemicals used to control plant pests
- Excessive use of fertilizers - eutrophication
7.10 The greenhouse effect and the ozone

hole

Causes and probable consequences of the
greenhouse effect
Causes and effects of the ozone hole

7.11 Conservation of natural resources
Need for nature conservation
Balanced development
Examples of actions for nature conservation
(protection of habitats, species and land;
water treatment; reduction of carbon dioxide
emission)

Chapter Eight
The flow of energy and matter,
information exchange

8.1 Ecosystem
The concept of ecosystem (biotope,
biocenosis)
Biodiversity and its importance (biotic index)
Ecosystem management
8.2 Food chains
Trophic interdependencies in biocenoses: food
chains, food webs
Pyramid of numbers
Pyramid of energy
Decomposers and their role in the circulation
of organic matter
8.3 Information
Regulation of interactions between organisms
and components of an ecosystem
Impact of information - reinforcement,
hindrance, feedback
Types of information in the world of animals
8.4 Biogeochemical cycles
Biological cycles: nitrogen cycle, carbon cycle
Hydrological cycle
Oxygen cycle



