2nd Year Biology HL
	Topic 7:  Nucleic acids and proteins (11 Hours)

	7.1 DNA Structure
	

	
	
	

	 
	Assessment statement
	Additional Notes

	7.1.1
	Describe the structure of DNA, including the antiparallel strands, 3' - 5' linkages and hydrogen bonding between purines and pyrimidines
	 

	7.1.2
	Outline the structure of nucleosomes
	 

	7.1.3
	State that nucleosomes help to supercoil chromosomes and help to regulate transcription
	A nucleosome consists of DNA wrapped around eight histone proteins and held together by another histone protein

	7.1.4
	Distinguish between unique or single-copy genes and highly repetitive sequences in nuclear DNA
	 

	7.1.5
	State that eukaryotic genes can contain exons and introns
	 

	
	
	

	7.2 DNA Replication
	

	
	
	

	 
	Assessment statement
	Additional Notes

	7.2.1
	State that DNA replication occurs in a 5' - 3' direction
	The 5' end of the free DNA nucleotide is added to the 3' end of the chain of nucleotides that is already synthesized

	7.2.2
	Explain the process of DNA replication in prokaryotes, including the role of enzymes (helicase, DNA polymerase, RNA primase and DNA ligase), Okazaki fragments and deoxynucleoside triphosphates
	The explanation of Okazaki fragments in relation to the direction of DNA polymerase is required.  DNA polymerase III adds nucleotides in the 5' to 3' direction.  DNA polymerase I excises the RNA primers and replaces them with DNA

	7.2.3 
	State that DNA replication is initiated at many points in eukaryotic chromosomes
	 

	
	
	

	7.3 Transcription
	

	
	
	

	 
	Assessment statement
	Additional Notes

	7.3.1
	State that transcription is carried out in a 5' to 3' direction
	The 5' end of the free RNA nucleotide is added to the 3' end of the RNA molecule that is already synthesized

	7.3.2
	Distinguish between the sense and antisense strands of DNA
	The sense strand (coding strand) has the same base sequence as mRNA with uracil instead of thyamine.  The antisense (template) strand is transcribed

	7.3.3
	Explain the process of transcription in prokaryotes, including the role of the promoter region, RNA polymerase, nucleoside triphosphates and the terminator.
	 

	7.3.4
	State that eukaryotic RNA needs the removal of introns to form mature mRNA
	 

	
	
	

	7.4 Translation
	

	
	
	

	 
	Assessment statement
	Additional Notes

	7.4.1
	Explain that each tRNA molecule is recognized by a tRNA-activating enzyme that binds a specific amino acid to the tRNA, using ATP for energy
	Each amino acid has a specific tRNA-activating enzyme.  The shape of tRNA and CCA at the 3' end should be included

	7.4.2
	Outline the structure of ribosomes, including proteins and RNA composition, large and small subunits, three tRNA binding sites and mRNA binding sites
	 

	7.4.3
	State that translation consists of initiation, elongation, translocation and termination
	 

	7.4.4
	State that translation occurs in a 5' to 3' direction
	During translation, the ribosome moves along the mRNA towards the 3' end.  The start codon is neared to the 5' end

	7.4.5
	Draw and label a diagram showing the structure of a peptide bond between two amino acids
	 

	7.4.6
	Explain the process of translation, including ribosomes, polysomes, start codons and stop codons
	 

	7.4.7
	State that free ribosomes synthesize proteins for use primarily within the cell, and that bound ribosomes synthesize proteins primarily for secretion or lysosomes
	 

	
	
	

	7.5 Proteins
	

	
	
	

	 
	Assessment statement
	Additional Notes

	7.5.1
	Explain the four levels of protein structure, indicating the significance of each level
	Quaternary structure may involve the binding of a prosthetic group to form a conjugated protein

	7.5.2
	Outline the difference between fibrous and globular proteins, with reference to two examples of each protein type
	 

	7.5.3
	Explain the significance of polar and nonpolar amino acids
	Includes controlling the position of proteins in membranes, creating hydrophilic channels through membranes and the specificity of active sites in enzymes

	7.5.4
	State four functions of proteins giving a named example of each
	Membrane proteins should not be included

	
	
	

	7.6 Enzymes
	

	
	
	

	 
	Assessment statement
	Additional Notes

	7.6.1
	State that metabolic pathways consist of chains and cycles of enyzme-catalysed reactions
	 

	7.6.2
	Describe the induced-fit model
	This is an extension of the lock and key model.  

	7.6.3
	Explain that enzymes lower the activation energy of the chemical reactions that they catalyze
	 

	 
	 
	 

	7.6.4
	Explain the difference between competitive and non-competitive inhibition with reference to one example of each
	 

	7.6.5
	Explain the control of metabolic pathways by end-product inhibition including the role of allosteric sites
	 

	
	
	

	Topic 8: Cell respiration and photosynthesis (10 hours)

	
	
	

	8.1 Cell Respiration
	

	
	
	

	 
	Assessment statement
	Additional Notes

	8.1.1
	State that oxidation involves the loss of electrons from an element, whereas reduction involves a gain of electrons.  Oxidation frequently involves gaining oxygen or losing hydrogen whereas reduction frequently involves losing oxygen or gaining hydrogen
	LEO the lion goes GER

	8.1.2
	Outline the process of glycolysis, including phosphorylation, lysis, oxidation and ATP formation
	In the cytoplasm, one hexose sugar is converted into two three-carbon atom compounds (pyruvate) with a net gain of two ATP and two NADH + H⁺

	8.1.3
	Draw and label a diagram showing the structure of a mitochondrion as seen in electron micrographs
	 

	8.1.4
	Explain aerobic respiration, including the link reaction, the Krebs cycle, the role of NADH + H⁺, the electron transport chain and the role of oxygen
	In aerobic respiration (in mitochondria in eukaryotes), each pyruvate is decarboxylated (CO₂ removed).  The remaining two-carbon molecule (acetyl group) reacts with reduced coenzyme A, and, at the same time, one NADH + H⁺ is formed.  This is known as the link reaction.

	8.1.5
	Explain oxidative phosphorylation in terms of chemiosmosis
	 

	8.1.6
	Explain the relationship between the structure of the mitochondrion and its function
	 

	
	
	

	8.2 Photosynthesis
	

	
	
	

	 
	Assessment statement
	Additional Notes

	8.2.1
	Draw and label a diagram showing the structure of a chloroplast as seen in electron micrographs
	 

	8.2.2
	State that photosynthesis consists of light-dependant and light-independent reactions
	 

	8.2.3
	Explain the light dependant reactions
	Includes the photactivation of photosystem II, photolysis of water, electron transport, cyclic and non-cyclic photophorylation and photoactivation of photosystem I, and reduction of NADP⁺

	8.2.4
	Explain photophosphorylation in terms of chemiosmosis
	 

	8.2.5
	Explain the light-independent reactions
	Includes the roles of ribulose bisphosphate (RuBP), carboxylase, reduction of glycerate 3-phosphate (GP) to triose phosphate (TP), NADPH + H⁺, ATP, regeneration of RuBP and subsequent synthesis of more complex carbohydrates

	8.2.6
	Explain the relationship between the structure and function of the chloroplast and its function
	 

	8.2.7
	Explain the relationship between the action spectrum and the absorption spectrum of photosynthetic pigments in green plants
	 

	8.2.8
	Explain the concept of limiting factors in photosynthesis with reference to light intensity, temperature and concentration of carbon dioxide
	 

	
	
	

	Topic 9: Plant Science (11 hours)

	9.1 Plant structure and growth
	

	
	
	

	 
	Assessment statement
	Additional Notes

	9.1.1
	Draw and label plan diagrams to show the distribution of tissues in the stem and leaf of a dicotyledonous plant
	"Low power diagrams" that show distribution of tissue and not individual cells

	9.1.2
	Outline three differences between the structures of dicotyledonous and monocotyledonous plants
	 

	9.1.3
	Explain the relationship between the distribution of tissues in the leaf and the functions of these tissues
	Dicotyledonous plants only

	9.1.4
	Identify modifications of roots, stems and leaves for different functions: bulbs, stem tubers, storage roots and tendrils
	 

	9.1.5
	State that dicotyledonous plants have apical and lateral meristems
	 

	9.1.6
	Compare growth due to apical and lateral meristems in dicotyledonous plants
	 

	9.1.7
	Explain the role of auxin in phototropism as an example of the control of plant growth
	 

	
	
	

	9.2 Transport in angiospermophytes
	

	
	
	

	 
	Assessment statement
	Additional Notes

	9.2.1
	Outline how the root system provides a large surface area for mineral ion and water uptake by means of branching and root hairs
	 

	9.2.2
	List ways in which mineral ions in the soil move to the root
	 

	9.2.3
	Explain the process of mineral ion absorption from the soil into the roots by active transport
	 

	9.2.4
	State that terrestrial plants support themselves by means of thickened cellulose, cell turgor and lignified xylem
	 

	9.2.5
	Define transpiration
	 

	9.2.6
	Explain how water is carried by transpiration stream, including the structure of xylem vessels, transpiration pull, cohesion, adhesion and evaporation
	 

	9.2.7
	State that the guard cells can regulate transpiration by opening and closing stomata
	 

	9.2.8
	State that the plant hormone abscisic acid causes the closing of stomata
	 

	9.2.9
	Explain how abiotic factors light, temperature, wind and humidity affect the rate of transpiration in a typical terrestrial plant
	 

	9.2.10
	Outline four adaptations of xerohytes that help to reduce transpiration
	 

	9.2.11
	Outline the role of phloem in active translocation of sugars (sucrose) and amino acids from source (photosynthetic tissues and storage organs) to sink (fruits, seeds, roots).
	 

	
	
	

	9.3 Reproduction in angiospermophytes
	

	
	
	

	 
	Assessment statement
	Additional Notes

	9.3.1
	Draw and label a diagram showing the structure of dicotyledonous animal-pollinated flower
	Sepal, petal, anther, filament, stigma, style and ovary

	9.3.2
	Distinguish between pollination, fertilization, and seed dispersal
	 

	9.3.3
	Draw and label a diagram showing the external and internal structure of a named dicotyledonous seed
	Should be non-endospermic.  Show: testa, micropyle, embryo root, embryo shoot and cotyledons

	9.3.4
	Explain the conditions needed for the germination of a typical seed
	 

	9.3.5
	Outline the metabolic processes during germination of a starchy seed
	 

	9.3.6
	Explain how flowering is controlled in long-day and short-day plants including the role of phytochrome
	 

	
	
	

	Topic 10: Genetics (6 hours)

	10.1 Meiosis
	

	
	
	

	 
	Assessment statement
	Additional Notes

	10.1.1
	Describe the behavior of the chromosomes in the phases of mitosis
	 

	10.1.2
	Outline the formation of chiasmata in the process of crossing over
	 

	10.1.3
	Explain how meiosis results in an effectively infinite genetic variety in gametes through crossing over in prophase I and random orientation in metaphase I
	 

	10.1.4
	State Mendel's law of independent assortment
	 

	10.1.5
	Explain the relationship between Mendel's law of independent assortment and meiosis
	 

	
	
	

	10.2 Dihybrid crosses and gene linkage
	

	
	
	

	 
	Assessment statement
	Additional Notes

	10.2.1
	Calculate and predict the genotypic and phenotypic ratio of offspring of dihybrid crosses involving unlinked autosomal genes
	 

	10.2.2
	Distinguish between autosomes and sex chromosomes
	 

	10.2.3
	Explain how crossing over between non-sister chromatids of a homologous pair in prophase I can result in an exchange of alleles
	 

	10.2.4
	Define linkage group
	 

	10.2.5
	Explain an example of a cross between two linked genes
	 

	10.2.6
	Identify which of the offspring are recombinants in a dihybrid cross involving linked genes
	 

	
	
	

	10.3 Polygenic Inheritance
	

	
	
	

	 
	Assessment statement
	Additional Notes

	10.3.1
	Define polygenic inheritance
	 

	10.3.2
	Explain that polygenic inheritance can contribute to continuous variation using two examples, one of which must be human skin color
	 

	
	
	

	Topic 11: Human health and physiology (17 hours)

	11.1 Defense against infectious diseases
	

	
	
	

	 
	Assessment statement
	Additional Notes

	11.1.1
	Describe the process of blood clotting
	 

	11.1.2
	Outline the principle of challenge and response, clonal selection and memory cells as the basis of immunity
	 

	11.1.3
	Define active and passive immunity
	 

	11.1.4
	Explain antibody production
	 

	11.1.5
	Describe the production of monoclonal antibodies and their use in diagnosis and in treatment
	 

	11.1.6
	Explain the principle of vaccination
	 

	11.1.7
	Discuss the benefits and dangers of vaccination
	 

	
	
	

	11.2 Muscles and movement
	

	
	
	

	 
	Assessment statement
	Additional Notes

	11.2.1
	State the roles of bones, ligaments, muscles, tendons and nerves in human movement
	 

	11.2.2
	Label a diagram of the human elbow joint, including cartilage, synovial fluid, joint capsule, named bones and antagonistic muscles (biceps and triceps)
	 

	11.2.3
	Outline the functions of the structures from 11.2.2
	 

	11.2.4
	Compare the movements of the hip join and the knee joint
	 

	11.2.5
	Describe the structure of striated muscle fibres, including the myofibrils with light and dark bands, mitochondria, the sarcoplasmic reticulum, nuclei and the sarcolemma
	 

	11.2.6
	Draw and label a diagram to show the structure of a sarcomere, including Z lines, actin filaments, myosin filaments with heads, and the resultant light and dark bands
	 

	11.2.7
	Explain how skeletal muscle contracts including the release of calcium ions from the sarcoplasmic reticulum, the formation of cross bridges, the sliding of actin and myosin filaments, and the use of ATP to break cross-bridges and re-set myosin heads
	 

	11.2.8
	Analyse electron micrographs to find the state of contraction of muscle fibres
	 

	
	
	

	11.3 The Kidney
	

	
	
	

	 
	Assessment statement
	Additional Notes

	11.3.1
	Define excretion
	 

	11.3.2
	Draw and label a diagram of the kidney
	 

	11.3.3
	Annotate a diagram of a glommerulus and associated nephron to show the function of each part
	 

	11.3.4
	Explain the process of ultrafiltration, including blood pressure, fenestrated blood capillaries and basement membrane
	 

	11.3.5
	Define osmoregulation
	 

	11.3.6
	Explain the reabsorption of glucose, water and salts in the proximal convoluted tubule, including the roles of microvilli, osmosis and active transport
	 

	11.3.7
	Explain the roles of the loop of Henle, medulla, collecting duct and ADH (vasopressin) in maintaining the water balance of blood
	 

	11.3.8
	Explain the differences in the concentration of proteins, glucose and urea between blood plasma, glomerular filtrate and urine
	 

	11.3.9
	Explain the presence of glucose in the urine of untreated diabetic patients
	 

	
	
	

	11.4 Reproduction
	

	
	
	

	 
	Assessment statement
	Additional Notes

	11.4.1
	Annotate a light micrograph of testis tissue to show the location and function of interstitial cells (Leydig cells), germinal epithelium cells, developing spermatozoa and Sertoli cells
	 

	11.4.2
	Outline the processes involved in spermatogenesis within the testis, including mitosis, cell growth, the two divisions of meiosis and cell differentiation
	 

	11.4.3
	State the role of LH, testosterone and FSH in spermatogenesis
	 

	11.4.4
	Annotate a diagram of the ovary to show the location and function of germinal epithelium, primary follicles, mature follicles and secondary oocyte
	 

	11.4.5
	Outline the processes involved in oogenesis within the ovary, including mitosis, cell growth, the two divisions of meiosis, the unequal division of cytoplasm and the degeneration of the polar body
	 

	11.4.6
	Draw and label a diagram of a mature sperm and egg
	 

	11.4.7
	Outline the role of the epididymis, seminal vesicle and prostate gland in the production of semen
	 

	11.4.8
	Compare the processes of spermatogenesis and oogenesis including the number of gametes and the timing of the formation and release of gametes
	 

	11.4.9
	Describe the process of fertilization, including the crosome reaction, penetration of the egg membrane by sperm and the cortical reaction
	 

	11.4.10
	Outline the role of HCG in early pregnancy
	 

	11.4.11
	Outline early embryo development up to the implantation of the blastocyst
	 

	11.4.12
	Explain how the structure and functions of the placenta, including its hormonal role in secretion of estrogen and progesterone, maintain pregnancy
	 

	11.4.13
	State that the fetus is supported and protected by the amniotic sac and amniotic fluid
	 

	11.4.14
	State that materials are exchanged between the maternal and fetal blood in the placenta
	 

	11.4.15
	Outline the process of birth and its hormonal control, including the changes in progesterone and oxytocin levels and positive feedback
	 

	
	
	

	Option D: Evolution (22 hours)

	D1 Origin of life on Earth
	

	
	
	

	 
	Assessment statement
	Additional Notes

	D.1.1
	Describe four processes needed for the spontaneous origin of life on Earth
	 

	D.1.2
	Outline the experiments of Miller and Urey into the origin of organic compounds
	 

	D.1.3
	State that comets may have delivered organic compounds to Earth
	 

	D.1.4
	Discuss possible locations where conditions would have allowed the synthesis of organic compounds
	 

	D.1.5
	Outline two properties of RNA that would have allowed it to play a role in the origin of life
	 

	D.1.6
	State that living cells may have been preceded by protobionts, with an internal chemical environment different from their surroundings
	 

	D.1.7
	Outline the contribution of prokaryotes to the creation of an oxygen-rich atmosphere
	 

	D.1.8
	Discuss the endosymbiotic theory for the origin of eukaryotes
	 

	
	
	

	D2 Species and speciation
	

	
	
	

	 
	Assessment statement
	Additional Notes

	D.2.1
	Define allele frequency  and gene pool
	 

	D.2.2
	State that evolution involves a change in allele frequency in a population's gene pool over a number of generations
	 

	D.2.3
	Discuss the definition of the term species
	 

	D.2.4
	Describe three examples of barriers between gene pools
	 

	D.2.5
	Explain how polyploidy can contribute to speciation
	 

	D.2.6
	Compare allopatric and sympatric speciation
	 

	D.2.7
	Outline the process of adaptive radiation
	 

	D.2.8
	Compare convergent and divergent evolution
	 

	D.2.9
	Discuss ideas on the pace of evolution, including gradualism and punctuated equilibrium
	 

	D.2.10
	Describe one example of transient polymorphism
	 

	D.2.11
	Describe sickle-cell anemia as an example of balanced polymorphism
	 

	
	
	

	D3 Human evolution
	

	
	
	

	 
	Assessment statement
	Additional Notes

	D.3.1
	Outline the method for dating rocks and fossils using radioisotopes with reference to C-14 and K-40
	 

	D.3.2
	Define half-life
	 

	D.3.3
	Deduce the approximate age of materials based on a simple decay curve for a radioisotope
	 

	D.3.4
	Describe the major anatomical features that define humans as primates
	 

	D.3.5
	Outline the trends illustrated by the fossils of Ardepithiecus ramidus, Australopithecus including A. afarensis and A. africanus and Homo including H. hablis, H. erectus, H. neanderthalensis  and H. sapiens
	 

	D.3.6
	State that, at various stages in hominid evolution, several species may have coexisted
	 

	D.3.7
	Discuss the incompleteness of the fossil record and the resulting uncertainties about human evolution
	 

	D.3.8
	Discuss the correlation between the change in diet and increase in brain size during hominid evolution
	 

	D.3.9
	Distinguish between genetic and cultural evolution
	 

	D.3.10
	Discuss the relative importance of genetic and cultural evolution in the recent evolution of humans
	 

	
	
	

	D4 The Hardy-Weinberg principle
	

	
	
	

	 
	Assessment statement
	Additional Notes

	D.4.1
	Explain how the Hardy-Weinberg equation is derived
	 

	D.4.2
	Calculate allele, genotype and phenotype frequencies for two alleles of a gene, using the Hardy-Weinberg equation
	 

	D.4.3
	State the assumptions made when the Hardy-Weinberg equation is used
	 

	
	
	

	D5 Phylogeny and Systematics
	

	
	
	

	 
	Assessment statement
	Additional Notes

	D.5.1
	Outline the value of classifying organisms
	 

	D.5.2
	Explain the biochemical evidence provided by the universality of DNA and protein structures for the common ancestry of living organisms
	 

	D.5.3
	Explain how variations in specific molecules can indicate phylogeny
	 

	D.5.4
	Discuss how biochemical variations can be used as an evolutionary clock
	 

	D.5.5
	Define clade and cladistics
	 

	D.5.6
	Distinguish, with examples, between analagous and homologous characteristics
	 

	D.5.7
	Outline the  methods used to construct cladograms and the conclusions that can be drawn from them
	 

	D.5.8
	Construct a simple cladogram
	 

	D.5.9
	Analyse cladograms in terms of phylogenetic relationships
	 

	D.5.10
	Discuss the relationship between cladograms and the classification of living organisms
	 

	
	
	

	Option G Conservation of biodiversity

	G4 Conservation of biodiversity
	

	
	
	

	 
	Assessment statement
	Additional Notes

	G.4.1
	Explain the use of biotic indices an indicator species in monitoring environmental change
	 

	G.4.2
	Outline the factors that contributed to the extinction of one named animal species
	 

	G.4.3
	Outline the biogeographical features of nature reserves that promote the conservation of diversity
	 

	G.4.4
	Discuss the role of active management techniques in conservation
	 

	G.4.5
	Discuss the advantages of in situ conservation of endangered species (terrestrial and aquatic nature reserves).
	 

	G.4.6
	Outline the use of ex situ conservation measures, including captive breeding of animals, botanic gardens and seed banks
	 

	
	
	

	G5 Population ecology
	

	
	
	

	 
	Assessment statement
	Additional Notes

	G.5.1
	Distinguish between r-strategies and K-strategies
	 

	G.5.2
	Discuss the environmental conditions that favour either r-strategies or K-strategies
	 

	G.5.3
	Describe one technique used to estimate the population size of an animal species based on a capture-mark-release-recapture method
	 

	G.5.4
	Describe the methods used to estimate the size of commercial fish stocks
	 

	G.5.5
	Outline the concept of maximum sustainable yield in the conservation of fish stocks
	 

	G.5.6
	Discuss international measures that would promote the conservation of fish
	 


