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PREAMBLE  
 
This preamble sets out the approach, objectives, directions and philosophy of the H2 Biology syllabus. 
 
In Singapore, Biology education from Primary to A-Level has been organised as a continuum in the following 
manner: 
 
(a) from Primary 3 to Primary 6, students learn about how life works at the systems level 
 
(b) from Lower Secondary Science to O-Level Biology, students learn about how life works at the physiological 

level 
 
(c) at A-Level, students learn about how life works at the cellular and molecular levels while understanding the 

implications of these at the macro level. 
 
The Biology syllabus is developed as a seamless continuum from O-Level to A-Level, without the need for 
topics to be revisited at A-Level. The O-Level syllabus is foundational and thus should provide the necessary 
background for study at A-Level.  
 
Many new and important fields of biology have emerged through recent advancements in life sciences. Vast 
amounts of knowledge have been generated, as evident from the sprouting of scientific journals catering to 
niche areas of research. As such, this syllabus refines and updates the content knowledge of the previous 
syllabus (9744) so that students can keep up to date with knowledge that is relevant for their participation in a 
technology-driven economy and as a global citizen cognisant of threats of emerging infectious diseases and the 
impacts of climate change. 
 
 
 

INTRODUCTION  
 
Candidates will be assumed to have knowledge and understanding of O-Level Biology, either as a single 
subject or as part of a balanced science course. 
 
The syllabus has been arranged in the form of Core and Extension content to be studied by all candidates. The 
syllabus places emphasis on the applications of biology and the impact of recent developments on the needs of 
contemporary society. 
 
Experimental work is an important component and should underpin the teaching and learning of biology. 
 
The value of learning H2 Biology ultimately hinges on the development of a scientific mind and disposition while 
addressing the broader questions of what life is and how life is sustained. The Science Curriculum Framework 
developed by the Ministry of Education elaborates on the development of the scientific mind and disposition. 
Through the study of the H2 Biology course, students should be prepared for life science-related courses at 
university and, consequently, careers that are related to this field. 
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C Experimental skills and investigations 
 
Candidates should be able to: 
 
1 follow a detailed sequence of instructions or apply standard techniques 
 
2 devise and plan investigations which may include constructing and/or testing a hypothesis and select 

techniques, apparatus and materials 
 
3 use techniques, apparatus and materials safely and effectively 
 
4 make and record observations, measurements and estimates 
 
5 interpret and evaluate observations and experimental data 
 
6 evaluate methods and techniques, and suggest possible improvements. 
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I CORE IDEAS 
 
1 The Cell and Biomolecules of Life  
 
Content 
 
 The cell theory 
 Outline functions of membrane systems and organelles in cells 
 The structure of a typical bacterial cell 
 The structures of biomolecules and their functions 
 The fluid mosaic model of membrane structure 
 Mode of action of enzymes 
 Stem cells 

 
 
Learning Outcomes 
 
Candidates should be able to: 
 
(a) outline the cell theory with the understanding that cells are the smallest unit of life, all cells come from 

pre-existing cells and living organisms are composed of cells 
 
(b) interpret and recognise drawings, photomicrographs and electron micrographs of the cytoplasm (cytosol) 

and cellulose cell wall, and the following membrane systems and organelles: rough and smooth 
endoplasmic reticulum, Golgi body, mitochondria, ribosomes, lysosomes, chloroplasts, cell surface 
membrane, nuclear envelope, centrioles, nucleus and nucleolus (for practical assessment, candidates may 
be required to operate a light microscope, mount slides and use an eyepiece graticule and a stage 
micrometer) 

 
(c) outline the functions of the cell structures listed in (b) 
 
(d) describe the structure of a typical bacterial cell (small and unicellular, peptidoglycan cell wall, circular DNA, 

70S ribosomes and lack of membrane-bound organelles) 
 
(e) describe the structural components of viruses, including enveloped viruses and bacteriophages, and 

interpret drawings and photographs of them 
 
(f) discuss how viruses challenge the cell theory and concepts of what is considered living 
 
(g) describe the structure and properties of the following monomers: 
 

i -glucose and -glucose (in carbohydrates) 
 

ii glycerol and fatty acids (in lipids) 
 
iii amino acids (in proteins) (knowledge of chemical formulae of specific R-groups of different amino 

acids is not required) 
 
(h) describe the formation and breakage of the following bonds: 
 

i glycosidic bond 
 
ii ester bond 
 
iii peptide bond 
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(i) describe the structures and properties of the following biomolecules and explain how these are related to 
their roles in living organisms: 

 
i starch (including amylose and amylopectin) 

ii cellulose 

iii glycogen 

iv triglyceride 

v phospholipid 

 
(j) explain the fluid mosaic model and the roles of the constituent biomolecules (including phospholipids, 

proteins, glycolipids, glycoproteins and cholesterol) in cell membranes 
 
(k) outline the functions of membranes at the surface of cells and membranes within the cell 
 
(l) explain how and why different substances move across membranes through simple diffusion, osmosis, 

facilitated diffusion, active transport, endocytosis and exocytosis 
 
(m) explain primary structure, secondary structure, tertiary structure and quaternary structure of proteins, and 

describe the types of bonds that hold the molecule in shape (hydrogen, ionic and disulfide bonds, and 
hydrophobic interactions) 

 
(n) explain the effects of temperature and pH on protein structure 
 
(o) describe the molecular structure of the following proteins and explain how the structure of each protein 

relates to the function it plays: 
 

i haemoglobin (globular; transport) 
 

ii collagen (fibrous; structural) 
 
 (knowledge of details of the number of amino acids and types of secondary structures present is not 

required) 
 
(p) explain the mode of action of enzymes in terms of an active site, enzyme–substrate complex, lowering of 

activation energy and enzyme specificity using the lock-and-key and induced-fit hypotheses 
 
(q) investigate and explain the effects of temperature, pH, enzyme concentration and substrate concentration 

on the rate of an enzyme-catalysed reaction by measuring rates of formation of products (e.g. measuring 
gas produced using catalase) or rate of disappearance of substrate (e.g. using amylase, starch and iodine) 

 
(r) describe the structure of competitive and non-competitive inhibitors with reference to the binding sites of 

the inhibitor 
 
(s) explain the effects of competitive and non-competitive inhibitors (including allosteric inhibitors) on the rate 

of enzyme activity 
 
(t) describe the unique features of stem cells, including zygotic stem cells, embryonic stem cells and blood 

stem cells (lymphoid and myeloid), correctly using the terms: 
 

i totipotency (e.g. zygotic stem cells) 
 
ii pluripotency (e.g. embryonic stem cells) 
 
iii multipotency (e.g. lymphoid and myeloid stem cells) 

 
(u) explain the normal functions of stem cells in a living organism, including embryonic stem cells and blood 

stem cells (lymphoid and myeloid). 
 
Use the knowledge gained in this section in new situations or to solve related problems. 
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2 Genetics and Inheritance 
 
Content 
 
 DNA – structure and function 
 Central Dogma – DNA to RNA, RNA to protein 
 The structure of eukaryotic chromatin 
 The genetics of viruses 
 The genetics of bacteria 
 Genome organisation at the DNA level 
 Control of gene expression 
 DNA analysis and genomics 
 Mutations 
 Replication and division of nuclei and cells 
 Understanding of chromosome number and variation 
 Effect of meiosis on chromosome number and variation 
 The molecular biology of cancer 
 The passage of information from parents to offspring 
 Genotypes and phenotypes 
 Dihybrid crosses 
 Linkage and crossing-over 
 Interaction between loci 
 The effect of genotype and environment on the phenotype 

 
 
Learning Outcomes 
 
Candidates should be able to: 
 
(a) describe the structure and roles of DNA and RNA (tRNA, rRNA and mRNA) (knowledge of the structure 

and roles of mitochondrial DNA and chloroplast DNA is not required) 
 
(b) describe the process of DNA replication and how the end replication problem arises 
 
(c) describe how the information on DNA is used to synthesise polypeptides (description of the processes of 

transcription, formation of mRNA from pre-mRNA in eukaryotes and translation is required) 
 
(d) describe the structure and organisation of viral, prokaryotic and eukaryotic genomes (including DNA/RNA, 

single-/double-stranded, number of nucleotides, packing of DNA, linearity/circularity and presence/absence 
of introns) 

 
(e) describe how the genomes of viruses are inherited through outlining the reproductive cycles of: 
 

i bacteriophages that reproduce via lytic and lysogenic cycles, including lambda phage 
 
ii enveloped viruses, including influenza 
 
iii retroviruses, including HIV 

 
(f) describe how variation in viral genomes arises, including antigenic shift and antigenic drift 
 
(g) outline the mechanism of asexual reproduction by binary fission in a typical prokaryote and describe how 

transformation, transduction and conjugation (including the role of F plasmids but not Hfr) give rise to 
variation in prokaryotic genomes 

 
(h) describe the structure and function of non-coding DNA in eukaryotes (i.e. portions that do not encode 

protein or RNA, including introns, centromeres, telomeres, promoters, enhancers and silencers) 
(knowledge of transposons, satellite DNA, pseudo-genes and duplication of segments is not required) 
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(x) use genetic diagrams to solve problems in dihybrid crosses, including those involving codominance, 

multiple alleles, sex linkage, autosomal linkage and epistasis 
 
(y) use genetic diagrams to solve problems involving test crosses 
 
(z) explain the meaning of the terms linkage and crossing-over and explain the effect of linkage and  

crossing-over on the phenotypic ratios from dihybrid crosses 
 
(aa) describe the interaction between loci (epistasis) and predict phenotypic ratios in problems involving 

epistasis (knowledge of the expected ratio for various types of epistasis is not required; focus of this 
section is on problem solving) 

 
(bb) explain how the environment may affect the phenotype, using examples including the effect of diet on 

differentiation of honeybees  
 
(cc) explain the difference between genetic variation that is continuous (many, additive genes control a 

characteristic) and genetic variation that is discontinuous (one or a few genes control a characteristic) 
 
(dd) use the chi-squared test to test the significance of differences between observed and expected results.  
 
Use the knowledge gained in this section in new situations or to solve related problems. 
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3 Energy and Equilibrium 
 
Content 
 
 The need for energy in living organisms 
 Photosynthesis as an energy-trapping process 
 Respiration as an energy-releasing process 
 Aerobic and anaerobic respiration 
 An overview of cell signalling and communication 

– signal reception and the initiation of transduction 
– signal transduction pathways 
– cellular responses to signals 

 
 
Learning Outcomes 
 
Candidates should be able to: 
 
(a) identify components of chloroplasts and mitochondria in drawings, photomicrographs and 

electronmicrographs 
 
(b) explain the absorption and action spectra of photosynthetic pigments 
 
(c) With reference to the chloroplast structure, describe and explain how light energy is harnessed and 

converted into chemical energy during the light-dependent reactions of photosynthesis (names of 
complexes in the ETC and detailed mechanism of action of ATP synthase are not required) 

 
(d) outline the three phases of the Calvin cycle in the light-independent reactions of photosynthesis in C3 

plants: (i) CO2 fixation, (ii) PGA reduction, and (iii) ribulose bisphosphate (RuBP) regeneration, indicating 
the roles of rubisco, ATP and reduced NADP in these processes that ultimately allow synthesis of sugars 
(knowledge of details of the structure of intermediate compounds and the names of other enzymes is not 
required) 

 
(e) discuss limiting factors in photosynthesis and carry out investigations on the effect of limiting factors such 

as temperature, light intensity and carbon dioxide concentration on the rate of photosynthesis 
 
(f) outline the process of glycolysis, highlighting the location, raw materials used and products formed 

(knowledge of details of the intermediate compounds, names of enzymes and isomerisation is not required) 
 
(g) outline the processes of the link reaction and Krebs cycle, highlighting the location, raw materials used and 

products formed (in terms of dehydrogenation and decarboxylation) 
 
(h) outline the process of oxidative phosphorylation, including the roles of oxygen and the electron transport 

chain (ETC) in aerobic respiration (names of complexes in the ETC, detailed mechanism of action of  
ATP synthase and calculation of total yield of ATP from oxidative phosphorylation are not required) 

 
(i) explain the production of a small yield of ATP from respiration in anaerobic conditions in yeast and in 

mammalian muscle tissue 
 
(j) explain the significance of the formation of ethanol in yeast and lactate in mammals in the regeneration of 

NAD 
 
(k) investigate the effect of factors including substrate concentration, oxygen concentration and temperature 

on the rate of respiration 
 
(l) outline chemiosmosis in photosynthesis and respiration (names of complexes in the ETC are not required) 
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(m) outline the main stages of cell signalling: 
 

i ligand–receptor interaction 
 
ii signal transduction (phosphorylation cascade and signal amplification) 
 
iii cellular response (change in gene expression)  
 
(knowledge of intracellular receptors is not required) 

 
(n) explain the roles and nature of second messengers (including cyclic AMP) 
 
(o) explain the roles of kinases and phosphatases in signal amplification 
 
(p) outline how insulin and glucagon regulate the concentration of blood glucose through the respective 

tyrosine kinase receptor and G-protein linked receptor. (The outline should be limited to describing how the 
ligand induces a conformational change in a membrane-bound receptor to trigger downstream signalling 
pathways that elicit physiological changes in blood glucose concentration. Details of different second 
messengers and specific kinases activated in the pathway are not required.) 

 
Use the knowledge gained in this section in new situations or to solve related problems. 
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4 Biological Evolution  
 
Content 
 
 The concept of the species 
 The neo-Darwinian revolution 
 Variation, natural selection and evolution 
 Evidence of evolution 
 Classification 

 
 
Learning Outcomes 
 
Candidates should be able to: 
 
(a) explain why variation (as a result of mutation, meiosis and sexual reproduction) is important in natural 

selection 
 
(b) explain, with examples, how environmental factors act as forces of natural selection 
 
(c) explain the role of natural selection in evolution 
 
(d) explain why the population is the smallest unit that can evolve 
 
(e) explain how genetic variation (including harmful recessive alleles) may be preserved in a natural population 
 
(f) define biological evolution as descent with modification and explain the link between micro-evolution and 

macro-evolution 
 
(g) explain how evidence based on homologies identified in biochemical data (molecular homologies) and the 

fossil record (anatomical homologies), together with biogeography (supported by Wallace’s findings), 
corroborate Darwin’s theory of evolution 

 
(h) explain the biological concept of the species and its limitations 
 
(i) define biological classification as the organisation of species according to shared characteristics and 

describe how evolutionary relationship is established 
 
(j) explain how new species are formed with respect to geographical isolation (allopatric speciation) and 

behavioural or physiological isolation within the same geographical location (sympatric speciation) 
 
(k) define phylogeny as the organisation of species to show their evolutionary relationships 
 
(l) explain the importance of the use of genome sequences in reconstructing phylogenetic relationships and 

state the advantages of molecular methods, including multiple sequence alignment (nucleotide and amino 
acid), in classifying organisms 

 
(m) explain the Hardy–Weinberg model and the conditions/assumptions it operates in 
 
(n) calculate the frequencies of alleles, genotypes and phenotypes in a population for a gene with two alleles, 

using the Hardy–Weinberg equation. 
 
Use the knowledge gained in this section in new situations or to solve related problems. 
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PRACTICAL ASSESSMENT 
 
Scientific subjects are, by their nature, experimental. It is therefore important that, wherever possible, the 
candidates carry out appropriate practical work to support the learning of this subject and to develop the 
expected practical skills. 
 
Paper 4 Practical 
 
This paper is designed to assess candidates’ competence in those practical skills which can realistically be 
assessed within the context of a formal practical assessment. 
 
Candidates will be assessed in the following skill areas: 
 
(a) Planning (P) 
 
 Candidates should be able to: 

 define the question/problem using appropriate knowledge and understanding 
 give a clear, logical account of the experimental procedure to be followed 
 describe how the data should be used in order to reach a conclusion 
 assess the risks of the experiment and describe precautions that should be taken to keep risks to a 

minimum. 
 
(b) Manipulation, measurement and observation (MMO)  
 
 Candidates should be able to: 

 demonstrate a high level of manipulative skills in all aspects of practical activity 
 make and record accurate observations with good details and measurements to an appropriate 

degree of precision 
 make appropriate decisions about measurements or observations 
 recognise anomalous observations and/or measurements (where appropriate) with reasons indicated. 

 
(c) Presentation of data and observations (PDO)  
 
 Candidates should be able to: 

 present all information in an appropriate form 
 manipulate measurements effectively in order to identify trends/patterns 
 present all quantitative data to an appropriate number of decimal places/significant figures. 

 
(d) Analysis, conclusions and evaluation (ACE)  
 
 Candidates should be able to: 

 analyse and interpret data or observations appropriately in relation to the task 
 draw conclusion(s) from the interpretation of experimental data or observations and underlying 

principles 
 make predictions based on their data and conclusions 
 identify significant sources of errors, limitations of measurements and/or experimental procedures 

used, and explain how they affect the final result(s) 
 state and explain how significant errors/limitations may be overcome/reduced, as appropriate, 

including how experimental procedures may be improved. 
 
One or more of the questions may incorporate some assessment of skill P, set in the context of the syllabus 
content, requiring candidates to apply and integrate knowledge and understanding from different sections of the 
syllabus. These questions may also require the treatment of given experimental data to draw a relevant 
conclusion and analyse the proposed plan. 
 
The assessment of skills MMO, PDO and ACE will also be set mainly in the context of the syllabus content and 
will require access to apparatus, as stated in the Confidential Instructions. For some questions, candidates may 
be allocated a specific time for access to the apparatus. The assessment of PDO and ACE may also include 
questions on data analysis which do not require practical equipment and apparatus. 
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Within the Scheme of Assessment, Paper 4 is weighted to 20 per cent of the Higher 2 assessment. It is 
therefore recommended that the schemes of work include learning opportunities that apportion a commensurate 
amount of time for the development and acquisition of practical skills. The guidance for practical work, which is 
published separately, will provide examples of practical activities. 
 
Candidates are NOT allowed to refer to notebooks, textbooks or any other information in the Practical 
examination. 
 
Apparatus List 
This list given below has been drawn up in order to give guidance to centres concerning the apparatus that is 
expected to be generally available for examination purposes. The list is not intended to be exhaustive and 
practical examinations may require additional apparatus and materials that will be specified in the Confidential 
Instructions, e.g. enzymes, indicators, plastic straws, etc. Furthermore, general laboratory glassware and items 
that are commonly regarded as standard equipment in a Biology laboratory (e.g. Bunsen burners, tripods and 
gauze, thermostatically controlled water-baths, safety goggles, disposable gloves, paper towels, etc.) are not 
included in this list. 
 
Unless otherwise stated, the rate of allocation is “per candidate”. 
 
light microscope, with low-power ( 4), medium-power ( 10) and high-power ( 40) objective lenses and fitted  
 eyepiece graticule (2 candidates to 1) 
stage micrometer 
microscope slides and coverslips  
mounted needles 
hand lens (not less than 6) 
half-metre rule or metre rule 
ruler in mm 
syringes (e.g. 1 cm3, 5 cm3, 10 cm3)  
droppers or Pasteur pipettes  
measuring cylinders 
beakers  
Petri dishes 
test-tubes (some of which should be heat resistant)  
test-tube rack and holder 
boiling tubes  
boiling tube rack  
small containers  
glass rod 
corks or rubber bungs to fit test-tubes and boiling tubes  
knife or scalpel 
forceps 
cork borer (2 candidates to 1)  
capillary tubes 
vaseline/petroleum jelly (or similar)  
specimen tubes 
Visking tubing  
silicone tubing 
thermometer: –10 °C to +110 °C  
stopwatch 
white tile 
filter paper and funnel 
mortar and pestle (2 candidates to 1)  
spatulas 
glass marker pen  
cotton wool  
black paper  
aluminium foil 
balance to 0.01 g (to be made accessible to candidates)  
retort stand and clamp 
bench lamp 
distilled or deionised water  
microfuge tubes and rack 
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micropipettes (e.g. 20  l, 1000  l, etc.) (2 candidates to 1) and disposable tips 
inoculating loops 
agarose gel electrophoresis cell (including tank, lid, cables, gel tray, comb) and power supply (to be made 
 accessible to candidates) 
TAE/TBE buffer  
agarose powder  
nutrient medium 
 
The apparatus and material requirements for Paper 4 will vary year on year. Centres will be notified in advance 
of the details of the apparatus and materials required for each practical examination. 
 
Reagents 
 
This list given below has been drawn up in order to give guidance to centres concerning the standard reagents 
that are expected to be generally available for examination purposes. The list is not intended to be exhaustive, 
and centres will be notified in advance of the full list of all the reagents required for each practical examination. 
 
iodine in potassium iodide solution  
Benedict’s solution 
biuret reagent 
sucrose (use AR for non-reducing sugar test)  
glucose 
starch 
potassium hydroxide  
sodium chloride 
dilute hydrochloric acid 
hydrogencarbonate indicator (bicarbonate indicator)  
sodium hydrogencarbonate (sodium bicarbonate)  
limewater 
Universal Indicator paper and chart litmus paper 
methylene blue 
DCPIP (2,6-dichlorophenolindophenol) 
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