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1. General Objectives 
 
The European Schools have the two objectives of providing formal education and of encouraging 
pupils’ personal development in a wider social and cultural context. Formal education involves the 
acquisition of competences (knowledge, skills and attitudes) across a range of domains. Personal 
development takes place in a variety of spiritual, moral, social, and cultural contexts. It involves an 
awareness of appropriate behaviour, an understanding of the environment in which pupils live, and 
a development of their individual identity. 
  
These two objectives are nurtured in the context of an enhanced awareness of the richness of 
European culture. Awareness and experience of a shared European life should lead pupils towards 
a greater respect for the traditions of each individual country and region in Europe, while developing 
and preserving their own national identities.  
 
The pupils of the European Schools are future citizens of Europe and the world. As such, they need 
a range of competences if they are to meet the challenges of a rapidly changing world. In 2006 the 
European Council and European Parliament adopted a European Framework for Key Competences 
for Lifelong Learning. It identifies eight key competences which all individuals need for personal 
fulfilment and development, for active citizenship, for social inclusion and for employment:  
 

1. Literacy competence  
2. Multilingual competence 
3. Mathematical competence and competence in science, technology and engineering 
4. Digital competence  
5. Personal, social and learning to learn competence  
6. Civic competence  
7. Entrepreneurship competence  
8. Cultural awareness and expression competence 

 
The European Schools syllabuses seek to develop all of these key competences in all pupils.  
 

2. Didactic Principles 
 
The 4-period biology course is designed for pupils with an interest in studying the science at a more 
advanced level, whether for personal interest or as preparation for university studies in biology, 
medicine, or other scientific disciplines. Pupils choosing this option should have been successful in 
the S4-S5 compulsory course and be prepared to take on a greater degree of complexity in content 
and approach, including mathematical competences. Pupils also have the option of enrolling in the 
2-period complementary laboratory course for advanced biology. 
 
The course builds upon the groundwork laid in integrated science in S3 and the S5 field trip, and on 
the cell biology, physiology, evolution, and Mendelian and molecular genetics of the S4-5 biology 
course. The syllabus is designed in a spiral fashion, organised around four scales of analysis, one 
temporal and three spatial, that are first explored in S6, then deepened and extended in S7. First is 
the scale of cells, comprising biochemistry and cellular metabolism. Second is the scale of human 
beings, comprising the coordination and control of vertebrates via the nervous system (S6) and the 
defence of the self against intrinsic and extrinsic threats (S7). Third is the scale of time, comprising 
inheritance and evolution. The fourth and final section is the scale of the planet as a whole, 
comprising ecology. Content covered in 6.1, 6.3, and 6.4 that is indicated by “review” in 7.1, 7.2, and 
7.4 is essential to the content of S7, and may be incorporated into assessments, including the pre-
baccalaureate and baccalaureate examinations (oral and written). 
 
Use the biology booklet (Reference Booklet for Biology S6-S7 – 4 Periods) is permitted for all 
assessments in S6-S7, including all examinations. 
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Pupils should acquire the competences and cross-cutting concepts enumerated in sections 3.1 and 
3.2 of this syllabus primarily by carrying out exploratory activities: observing, measuring, designing 
experiments and apparatuses, searching for explanations, discussing with peers and teachers, 
creating abstractions, models, hypotheses, and theories, and creating lab reports, presentations, 
and other work products. Under their teacher’s active guidance, pupils should actively carry out a 
maximum of these activities themselves. Teachers of the 4-period course should also coordinate in 
the planning of the 2-period laboratory biology option, to maximise pupils’ exposure to hands-on 
activities. 
 
This approach to science and mathematics learning is referred to as inquiry-based learning (IBL). 
An overview of IBL can be found in the PRIMAS guide to inquiry-based learning in maths and science 
classes.1 A useful and practical way to construct inquiry-based lessons is the “5E” lesson plan 
model.2 
 
The study of biology is central to pupils’ developing understanding of themselves as living beings in 
the world. Accordingly, teachers should make links during the course to human health issues—
individual, social, and global—wherever appropriate. They should likewise make links wherever 
appropriate to issues connected with biodiversity, conservation, sustainable development, and 
climate change. Teachers are encouraged to coordinate with relevant extracurricular organisations 
and opportunities, such as school clubs and outside resources. Finally, teachers should avail 
themselves, throughout the science curricula in years S1-7, of the opportunity offered by the 
European Schools Science Symposium. 
 

3. Learning Objectives 
 
Learning is not just acquiring more content knowledge. Content in a school context is used to give 
pupils competences, to prepare them for society and work. This syllabus rests on a three-cornered 
foundation. Content topics are used to learn general key competences, to acquire specific scientific 
and mathematical competences, and to connect across disciplines with cross-cutting concepts, as 
modelled in the Next Generation Science Standards from the United States National Science 
Teachers Association.3 The aim is to prepare pupils for lifelong learning. The boldface verbs used in 
the Learning Objectives column in section 4 refer to these competences and cross-cutting concepts. 
 

3.1. Competences4 
 

The competences to be acquired by students are listed below. Consultation of Bloom’s Taxonomy 
of Measurable Verbs is advisable when evaluating competences.  

 
1. Knowledge and comprehension 

The student displays comprehensive knowledge of facts and a thorough command and use 
of concepts and principles in science. 
 

2. Application 
The student makes connections between different parts of the syllabus and applies 
concepts to a wide variety of unfamiliar situations and makes appropriate predictions. 
 

                                                            
1 https://primas-project.eu/wp-content/uploads/sites/323/2017/11/primas_final_publication.pdf  
2 The framework of 5E lesson plans is described at http://ngss.nsta.org/designing-units-and-lessons.aspx 
3 See http://ngss.nsta.org/About.aspx 
4 The competences described in this chapter are defined with reference to the highest level expected to be 
achievable by pupils in the baccalaureate cycle (see chapter 5.1, “Attainment Descriptors”). 
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3. Analysis 
The student is capable of detailed and critical analysis and explanations of complex data. 
 

4. Experimental work 
The student formulates hypotheses, plans and carries out investigations using a wide range 
of techniques while being aware of ethical issues. 
 

5. Digital and information competences 
The student can consistently independently find, and assess the reliability of, information on 
scientific subjects, on- and offline. S/he can independently use appropriate software for 
science tasks. 
 

6. Communication (oral and written) 
The student communicates clearly using scientific vocabulary correctly. S/he demonstrates 
excellent presentation skills. 
 

7. Teamwork 
The student works constructively as a team member, shows initiative, and can act as a team 
leader. 

 
Globally, students should develop awareness of the environment 

and learn to act as responsible citizens with respect to it. 
 

3.2. Cross-cutting Concepts 
 

Certain cross cutting concepts are shared by all mathematics and science. This list is adapted from 
the U.S.A. “Next Generation Science Standards”.5  
 

1. Patterns 
Patterns in forms and events guide organisation and classification, and prompt questions 
about the factors that influence them. 
 

2. Cause and effect 
Events have causes, sometimes simple, sometimes multifaceted. A major activity of 
science is investigating and explaining causal relationships and the mechanisms by which 
they are mediated. Such mechanisms can then be tested across given contexts and used 
to predict and explain events in new contexts. 

 
3. Quantification 

Scientists try, whenever they can, to turn data into numbers, because doing so allows them 
to use the great toolbox of mathematics to explain, interpret, and create new avenues of 
inquiry.   

 
4. Representing data 

Scientists choose among many ways to represent data and conclusions, including graphs, 
mathematical models, drawings from observation, preservation of specimens, etc. 

 
5. Scale, proportion, and quantity 

In considering phenomena, it is critical to recognise what is relevant at different measures 
(e.g., size, time, or energy) and to recognise how changes in scale, proportion, or quantity 

                                                            
5 See http://ngss.nsta.org/CrosscuttingConceptsFull.aspx 
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affect a system’s structure or performance. 
 

6. Systems and system models 
A system is an organised group of related objects or components; models can be used for 
understanding and predicting its behaviour. 

 
7. Energy and matter 

Tracking fluxes of energy and matter into, out of, and within systems helps understand the 
system’s behaviour. 

 
8. Structure and function 

The way in which an object is shaped or structured determines many of its properties and 
functions. 

 
9. Stability and change 

For both designed and natural systems, conditions that affect stability factors that control 
rates of change are critical elements to consider and understand. 

 
10. History and nature of science 

Scientists have developed the rules for scientific investigation over centuries, including: 
scientists must explain their methods of investigation, share their data, and let other 
scientists critique their conclusions (the principle of peer review). Scientists’ choices about 
what and how to investigate, how to explain results, and how to act on their understanding, 
are informed by their societal contexts. Scientific explanations (theories) are always 
provisional and subject to rejection or revision on the basis of new evidence and 
interpretation. 
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4. Content 
 
Nota bene: No detailed direction of time allotments per section is given in this syllabus, 
course planning being left to the teacher’s judgement. However, as a guideline, it is 
envisioned that in year 6, themes 6.1 and 6.3 will take somewhat more time (approximately 
30% each of total periods) than 6.2 and 6.4 (approximately 20% each). In S7, it is envisioned 
that all four themes will receive equal treatment. 

4.1. Topics 
 
S6:  6.1. Cell Scale ‐ Cells as the fundamental organising units of organisms. The fundamentals of 

biochemistry. In-depth study of three crucial aspects of life at the cellular scale: membranes, 
enzymes, and the central role of ATP in energy transfer. 

 
 6.2. Human Scale – How the nervous system coordinates and controls the actions and 

interactions of vertebrates, including humans. The brain as the location of learning, memory, 
and consciousness. 

 
6.3. Time Scale – Consideration of biological phenomena over two time scales: 

• The scale of individual reproduction and inheritance, comprising molecular, Mendelian, 
and chromosomal genetics. 

• The scale of evolution, comprising an enriched understanding of the action of natural 
selection, and the construction of evolutionary phylogenies. 

 
6.4. Planet Scale – An introduction to ecological theory, practice, and modelling. A grounding 
in population ecology. Repercussions of human effects on ecologies at scales from local to 
global, and possible solutions to anthropogenic problems. 

 
S7: 7.1. Cell Scale – Building on the basics of cell biology from 6.1 to give an overview of the 

fundamental metabolic pathways common to all cells: ATP and protein synthesis. 
  
 7.2. Human Scale – How vertebrates, including humans, defend the integrity of the self against 

threats from within and without. Disease as a phenomenon of populations, and how it can be 
combatted through human ingenuity and cooperation.  

 
 7.3. Time Scale – Building on the scales of inheritance and evolution in 6.3: 

• The recognition that, while DNA provides the information underlying an organism’s 
development, its individual life history is shaped by epigenetic factors. 

• Addition of a mathematical modelling perspective to a population-based understanding 
of evolution.  

 
 7.4. Planet Scale – Building on the foundation in population ecology acquired in 6.4, pupils 

add the perspective of ecosystems analysis, modelling energy and matter flows, and apply 
these models to human issues (e.g., anthropogenic climate change, pollution, sustainable 
agriculture). 
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4.2. Tables 

All parts in this syllabus are framed to put pupils at the centre of the action, emphasized by the column headings: 
 

 
Theme 

 
Subject content 

 
Pupils will learn 

about… 
 

 
Learning objectives (and limits) 

 
Pupils will be able to… 

 
Activities 

 
Pupils may do… 

 

The syllabus 
proposes 

organisation around 
a set of themes. 
The content and 

approaches in S7 
build on 

foundations laid in 
S6. 

 

A broad overview of 
the scientific content 

belonging to the 
overall theme given in 

the first column. 
Content may be 

broken down into 
subsections as 

appropriate. 

The roadmap for lesson planning, structured around the skills 
and subject knowledge that pupils should acquire as part of 
the syllabus. (Parentheses) indicate limits on the objectives, 
usually to specify the maximum level of technical knowledge 
required.  
 
Learning objectives are framed around verbs in bold. 
Lessons should be designed so that pupils themselves carry 
out the action of these verbs. Note that “know” is used to 
indicate content that must be taught by direct instruction. 
Learning objectives other than those denoted by “know” 
should be fulfilled via inquiry-based (IBL) approaches to the 
greatest extent possible. 
 
The goal of these learning objectives, and thus of the 4-
period biology syllabus as a whole, is not that pupils 
should acquire content knowledge by rote, but rather that 
they master the subject competences (section 3.1) and 
integrate the cross-cutting concepts (section 3.2), in order 
to be capable of researching, analysing, and synthesising 
complex data in an autonomous fashion (see also section 
5, “Assessment”). 

“Suggested activities/pupils may do” 
provides a list of possible classroom 
activities the teacher may use to meet the 
learning objectives.  
 
The suggested activities are neither 
prescriptive nor exhaustive: teachers 
are free to use some but not all them, 
and to use other activities instead of or 
in addition to these. It is neither 
possible nor expected that teachers do 
all of the activities in this column. 
 
Teachers must, however, always put 
hands-on student activity at the centre of 
biology. Teaching should be through 
inquiry-based (IBL) approaches whenever 
possible. 
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Theme 

 
Subject content 

 
Pupils will learn 

about… 
 

 
Learning objectives (and limits) 

 
Pupils will be able to… 

 
Activities 

 
Pupils may do… 

 

6.1 Cell scale 
 

Cells as the 
fundamental 

organising units of 
organisms. The 
fundamentals of 
biochemistry. In-

depth study of three 
crucial aspects of 
life at the cellular 

scale: membranes, 
enzymes, and the 
central role of ATP 
in energy transfer. 

6.1.1. Cell structure 
 

…microscopic 
observation of cells in 
the laboratory and in 

micrographs 
 

…fundamental 
structures of 

eukaryotic cells 
 

…relative sizes at the 
cellular level 

 
…internal structure of 

mitochondria and 
chloroplasts 

describe, compare, and contrast cell structures visible 
under light microscopes and in electron micrographs (no 
details of TEM and SEM) (cf. 4.2.2) 
 
identify and label structures on a eukaryote cell diagram or 
photograph (plasma membrane, cell wall, vacuole, nucleus, 
chromatin, chromosomes, endoplasmic reticulum, ribosomes, 
Golgi apparatus, mitochondria, chloroplasts or other plastids 
as appropriate)  
 
identify cell components and organelles, bacterial and 
eukaryotic cells, and viruses, in terms of relative size 
 
label a schematic mitochondrion (inner and outer 
membranes, cristae, DNA, ribosomes, matrix) 
label a schematic chloroplast (double membrane, stroma, 
thylakoid membrane, grana, DNA, ribosomes) 

• observe a variety of cell types using light 
microscopy techniques, including stains 
• study TEM and SEM micrographs of 
cells, organelles, and other structures 
• visit a research microscopy facility 

6.1.2. Basic 
biochemistry 

 
…the component 

elements and 
chemical structures of 

the major 
macromolecules 

 
…the locations and 

roles of different 
macromolecules 

within cells 
 

…protein structure 
and function 

know the main component elements of carbohydrates, lipids, 
proteins, and nucleic acids (C, H, O, N, P, S) 
recognise common functional groups (carboxyls, hydroxyls, 
carbonyls, amines, and phosphates) and the bonds they form 
in organic molecules (peptide, glycosidic, ester, and 
phosphodiester bonds) 
recognise the structure and composition of nucleotides 
(RNA, DNA, and ATP) 
identify simple (e.g., monomeric) organic molecules from 
their characteristic functional groups and bonds 
 
relate the structure of complex organic macromolecules 
(proteins, starch, cellulose, phospholipids, triglycerides, DNA, 
RNA) to their simple component molecules 
construct models of the types of macromolecules studied 
know where these molecules are found in cells and give an 

• use computer simulation software and 
models to observe, describe and model 
organic molecules 
• analyse software models of organic 
molecules: carbohydrates, lipids (including 
phospholipids), proteins, and nucleic acids 
• chemical tests for, and/or purification of, 
different macromolecules 
• presentations of macromolecules studied 
in their structural/functional cellular 
contexts 
• observation of electron micrographs of 
cellulose fibers, proteins, and starch 
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overview of their roles 
 
recognise the primary, secondary, tertiary, and quaternary 
structure of proteins 
relate protein functions to their shapes 

6.1.3. Membranes 
 

…the fluid mosaic 
model 

 
…properties of 

membranes 
 

…internal membrane-
bounded structures 

within cells 
(organelles) 

construct a model of the structure and composition of the 
plasma membrane: fluid mosaic phospholipid bilayer 
(including cholesterol, embedded extrinsic and intrinsic 
proteins, external carbohydrate radicals) 
draw and label a diagram of the plasma membrane and 
distinguish cytosolic and extracellular sides 
 
deduce the impermeability of the phospholipid bilayer to 
water and solutes from its chemical properties 
analyse the structures of membrane-bound proteins (extrinsic 
and intrinsic)  
 
define organelles as internal membrane-bounded structures 
of eukaryotic cells and analyse the functions of internal 
membranes  

• electrophoresis of membrane proteins 
(after enzymatic digestion) to highlight 
intrinsic and extrinsic proteins  
• study of Frye and Edidin experiments 
demonstrating membrane fluidity 
• observe electron micrographs of micelles 
and membranes 
• observe the glycocalyx in EM of 
endothelial cells 
• description/animation of leucocyte 
extravasation 

6.1.4. Enzymes 
 

…the central role of 
protein catalysts 

 
…enzyme specificity 

 
…the induced fit 
model of enzyme 

action 
 

…denaturation and its 
causes 

 
…enzyme inhibition 

 
…enzyme regulation 

 
…metabolic pathways 

know that enzymes are protein catalysts that can break 
bonds, make bonds, and rearrange molecules 
explain the importance of biological catalysts in cell 
metabolism 
 
relate enzyme functions to their shapes and deduce the 
principle of enzyme specificity 
 
model enzyme reactions at the molecular scale (induced fit 
model) 
 
deduce the effects on enzyme activity of changes in pH and 
temperature and relate to denaturation of proteins (cf. 6.1.2) 
 
explain enzyme inhibition (competitive/non-competitive, 
reversible/irreversible)  
 
explain co-enzymes and allosteric regulation and relate to 
the induced fit model of enzyme action 
 

• laboratory investigation of enzymatic 
catalysis in biological conditions 
• laboratory investigation of catalysis under 
varying conditions (e.g., temperature, pH,) 
• use of molecular visualization software 
• graphs of rates of enzyme catalysis over 
time under varying conditions 
• software modelling probability of 
enzyme/substrate encounter under varying 
conditions 
• analysis of data from experiments of 
catalysis by two different enzymes for the 
same substrate 
• manipulation of atomic models (e.g., 
enzymatic hydrolysis, polymerization of 
glucose into starch, protein synthesis) 
• enzyme catalysis simulation software to 
understand the steps of catalysis over 
time, the consequences of variation in 
physicochemical conditions, and the 
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give overview of major cellular activities (biosynthesis, 
mechanical work, transport)  
interpret representations of metabolic pathways 

importance of substrate concentration 

6.1.5. ATP 
 

…the fundamental 
means of energy 

transfer within cells 
 

…energy coupling 
 

…ATP as coenzyme 

know the reactions of ATP synthesis (ADP phosphorylation 
by Pi) and ATP hydrolysis (into ADP and Pi) 
interpret experiments in which inhibition of ATP synthesis or 
hydrolysis occurs (one must involve maintenance of resting 
potential in a neuron, cf. 6.2.2)  
construct a model of cellular activities and functions, 
incorporating the central role of ATP 
 
deduce the concept of energy coupling 
analyse coupling at the molecular level (modification of 
conformation, higher-energy, more unstable state due to the 
fixation of a Pi released during ATP hydrolysis) 
 
know that ATP can act as a coenzyme 

• experiments with inhibitors of the 
respiratory chain and therefore of the 
synthesis of a large amount of ATP 
• example of rigor mortis 
• study glucose polymerization by 
glucokinase, with phosphate alone or with 
ATP 
• role of nucleotide triphosphates in DNA 
replication 
• role of ATP in polymerization reactions in 
general and therefore biosynthesis 
reactions 

7.1. Cell scale 
 

Building on the 
basics of cell 

biology from 6.1 to 
give an overview of 

the fundamental 
metabolic pathways 
common to all cells: 

ATP and protein 
synthesis. 

7.1.1. ATP synthesis 
 

The teacher will 
choose either the light 

reactions of 
photosynthesis or the 

electron transport 
chain in mitochondrial 
respiration for detailed 
treatment. The other 
will be briefly treated 
in comparison to the 

one chosen. 
 

…the requirement for 
an energy source to 

renew ATP 
 

…the role of redox 
reactions 

 
…the role of 
membrane 

The purpose of this section is to give pupils a global 
understanding of the principle of energy generation within 
eukaryotic cells. It should not be oriented toward rote 
memorisation. Details of glycolysis, the Krebs cycle, the 
Calvin cycle, and the membrane proteins involved in redox 
electron transport chains are not required. 
 
review content of 6.1.1 and 6.1.5 
deduce that re-forming ATP after hydrolysis into ADP and Pi 
requires energy 
 
For the chosen exemplar (light reactions or respiration ETC): 
identify available energy sources necessary to achieve 
energy coupling. 
identify the energy source of the exemplar 
deduce the requirement for energy transformation or transfer 
(as appropriate)  
 
distinguish between oxidized and reduced states of 
molecules and deduce the necessity of redox reactions in 
electron transport chains to generate the proton gradient 
recognise NADH2/NADPH2 as proton- and electron-
transporting nucleotides, related in structure to DNA, RNA, 

• discussions of types of energy available 
in the environment 
• experiments with yeast metabolism/Hill 
reaction 
• experiments with simple redox reactions 
• observation of electron micrographs of 
mitochondria/chloroplasts, related to 
schematic diagrams 
• study/re-enactment of the experiments of 
Jagendorf and of Jagendorf/Uribe 
establishing the chemiosmotic theory of 
ATP synthesis 
• analysis of experiments involving 
vesicles equipped with ATP synthase 
• molecular modelling 
• analysis of data from experiments with 
inhibitors of electron transport chains 
• exercises comparing the two eukaryotic 
paths to ATP synthesis to each other 
and/or chemosynthesis 
• exercises with specific enzyme inhibitors 
• study of thermophilic bacteria to 
demonstrate autochemotrophy 
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compartmentalisation 
in the creation of 

chemical gradients 
 

…ATP synthase 
 

…generalised view of 
ATP synthesis in 

eukaryotes 

and ATP (cf. 6.1.2) 
 
know the definition of a gradient and relate to the potential to 
do chemical work. 
identify compartmentalisation in the mitochondria 
(intermembrane space/matrix) or in the chloroplast (thylakoid 
lumen/stroma) as key to gradient formation 
 
relate the energy supplied by the proton motive force to the 
change in molecular conformation of ATP synthase, allowing 
phosphorylation of ADP by Pi (no treatment of cyclic and 
acyclic photophosphorylation) 
 
construct a schematic model of the chosen metabolic 
process, presenting the main aspects. 
compare and contrast the ATP synthesis process under 
study with the process not chosen (detailed treatment not 
required) 

7.1.2. Protein 
synthesis 

 
…DNA transcription 

 
…post-transcriptional 
modification (splicing) 

 
…RNA translation 

 
…protein processing 

and transport 
 

…consequences of 
DNA mutation to 

protein synthesis and 
processing 

 
…the universality of 

the genetic code 

name and describe the process of DNA transcription 
(initiation, elongation, termination, promoter sequence, RNA 
polymerase only; cap and poly A tail not required) 
distinguish between 3’-5’ (transcribed) and 5’-3’ (non-
transcribed) strands 
 
compare pre-messenger RNA and mRNA to deduce splicing 
and existence of exons and introns (no details of 
spliceosomes required) 
 
identify ribosomes as the site of protein synthesis 
name and explain the elements and stages of RNA 
translation (start codon, initiation, elongation, termination, stop 
codon, ribosomes, tRNA) 
 
give an overview of protein synthesis and export (roles of 
cell nucleus, ribosome, ER, Golgi apparatus, vesicles, 
cytoskeleton) 
 
use an RNA codon wheel to determine protein sequence 
relate the consequences of gene mutations to mRNA, 
ribosomes, tRNA, and thus consequences to proteins at 
molecular level (cf. 6.3.1) 

• pulse-chase experiments 
• analyse data for mutations affecting start 
and stop codons and their consequences 
at different scales 
• exercises with fictitious or real DNA 
sequences 
• electron micrographs, videos 
• electron micrographs of DNA-RNA 
hybrids 
• comparison of the number of nucleotides 
of the coding sequence with the number of 
amino acids of the corresponding protein 
• electron micrographs of ribosomes and 
mRNA 
• consequences of mutations affecting 
start or stop codons 
• analysis of Nierenberg/Khorana and 
Holley experiments 
• examine exceptions to the universality of 
the genetic code 
• analysis of uses of DNA data for police 
forensics 
• comparison of DNA sequence, and 
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interpret protein or DNA electrophoresis results to identify 
mutations in individuals (cf. 6.3.1) 
 
analyse the universality of the genetic code 

corresponding protein in a case of a 
genetic disorder 
• transgenesis experiment to deduce the 
universal character of the genetic code 
• study of viruses and viral cycles 
• synthesis exercise on alternative splicing 
• study of experimental documents on 
inducible and repressible operons 

6.2 Human Scale 
 

How the nervous 
system coordinates 

and controls the 
actions and 

interactions of 
vertebrates, 

including humans. 
The brain as the 

location of learning, 
memory, and 

consciousness. 
 

6.2.1. The nervous 
system 

 
…central and 

peripheral nervous 
systems 

 
…sympathetic and 
parasympathetic 

systems 
 

…homeostatic 
regulation via 

sympathetic and 
parasympathetic 

systems 

review the basic structure and function of the vertebrate 
nervous system (central and peripheral nervous systems 
[CNS and PNS]; cf. 4.4.2) 
 
know that the autonomic nervous system consists of the 
sympathetic, parasympathetic, and enteric systems and 
controls basic life functions (no details of nerve structure or 
paravertebral ganglia) 
 
explain the antagonistic actions of the sympathetic and 
parasympathetic systems in an example of homeostatic 
regulation (no details required) 

• analysis of recordings of heart sounds 
• use of stethoscope and measurement of 
blood pressure using a 
sphygmomanometer (may be coordinated 
with school nurse) 
• analyse an example of regulation by the 
ANS (e.g., heart rate, breathing rate, 
peristalsis, blood pressure, iris of eye, 
urination) 
• analysis of patient heart rate after a heart 
transplant  
• blood pressure regulation online with 
virtual stimuli 
  

6.2.2. Nerve signals 
 

…the structure of a 
neuron and one-

way/all-or-nothing 
principle of neurons 

 
…resting potential 

and action potential 
 

…neurotransmitters 
and synapses 

 
…complementary 

roles of excitatory and 
inhibitory 

review basics of nervous system signals (cf. 4.4.2: binary, all-
or-nothing nature of signal; one-way signalling, entailing 
afferent and efferent neurons) 
label a schematic neuron (dendrites, soma, nucleus, axon 
hillock, axon, axon branches, axon terminals, neurotransmitter 
vesicles) 
 
describe how a neuron maintains a resting potential (cf. 
6.1.5)  
describe an action potential as a brief depolarisation, 
repolarisation, and hyperpolarisation with constant amplitude 
and duration including biochemical details of transport 
mechanisms and voltage dependant channels (no details of 
neurotransmitter release) 
deduce the insulating role of the myelin sheath 
 

• experiment with stimulation of neurons 
• observe prepared microscope slides and 
photomicrographs of neurons 
• research an example of a disease 
attacking the nervous system (e.g., 
multiple sclerosis, poliomyelitis, Tay-Sachs 
disease, Alzheimer) 
• experiment with inhibitors of ATP 
synthesis or hydrolysis 
• research nerve poisons and their mode 
of action (e.g., curare, strychnine, 
batrachotoxin, tetrodotoxin, botox) 
• experiments with virtual simple or 
multiple stimulation and inhibition of a 
neuron 
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neurotransmitters 
 

…the summation 
function of the axon 

hillock 
 

draw and label a synapse (axon terminal, neurotransmitter 
vesicles, synaptic cleft, dendrite/soma, neurotransmitter 
receptors) 
deduce that the quantity of neurotransmitters released into 
the synaptic cleft is proportional to the frequency of the action 
potentials in the axon (no details of neurotransmitter release) 
 
know that neurotransmitters may be excitatory or inhibitory, 
bringing a postsynaptic neuron closer to or farther from the 
threshold potential 
deduce the complementary roles of excitatory and inhibitory 
neurotransmitters in the CNS and PNS 
 
know the integration role of the axon hillock in triggering an 
action potential (no details of spatial or temporal summation) 

• simulation of electric stimulation or 
microinjection into the synaptic cleft, then 
measurement of the post-synaptic neuron 
• research how acetylcholine and 
norepinephrine (noradrenaline) are cleared 
from the synaptic cleft 

6.2.3 Brain and mind  
 

… the functions and 
basic structures of the 

brain 
 

…localisation and 
integration of function 

in the brain 
 

…learning, memory, 
and consciousness 

 
…psychoactive drugs 

and addiction 
 

describe the principal functions of the brain and CNS in 
animals (integration of exteroceptic, proprioceptic, and 
interoceptic information, cf. IS 2.3; coordination of activity; 
memory, reason, and imagination) 
label and identify the principal functions of the major regions 
of the vertebrate brain (brainstem: regulation of basic life 
functions; cerebellum: movement; diencephalon: thalamus 
and hypothalamus as homeostatic integrators of endocrine 
and nervous systems, cf. 4.4.1, 4.4.2; cerebrum: sensory and 
motor processing, learning, memory; language and conscious 
thought in humans) 
know that the brain is composed of neurons and a wide 
variety of glial cells (no details of names or functions 
required), organised into grey matter and white matter 
know that the brain is partially isolated from the rest of the 
body by the blood-brain barrier (no anatomical or 
physiological details) 
 
analyse data to deduce the localisation of function in the 
brain (no memorisation of cerebral brain regions) 
know that, while many functions are localised within the brain, 
synaptic connections may also be made across larger 
distances among disparate regions 
recognise that feelings and emotions are CNS summations 
of physical and mental states 
 

• brain dissection 
• analyse clinical data from brain injuries, 
lesions, scans, and EEGs to deduce 
localisation of brain function (e.g., Wilder 
Penfield and cortical homunculus, case of 
Phineas Gage) 
• read case studies and personal accounts 
to illustrate patient experiences of brain 
disruption 
• study brain images produced using PET 
and fMRI techniques that highlight active 
regions of the brain 
• observation of pupil size during “Add 
One” task to monitor cognitive load 
• Research into and practice of mnemonic 
techniques (e.g., “chunking”, “palace of 
memory”) 
• research memory disorders such as 
Alzheimer’s disease and amnesias 
• coordinate with philosophy teacher to 
discuss theories of epistemology and mind 
• analyse data on link between endorphin 
levels and pain threshold 
• research into the mode of action of 
psychoactive drugs (e.g., alcohol, nicotine, 
opiates, cocaine, cannabis, MDMA) 
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know that new neurons can be generated throughout life 
know that synapses in the brain are continually being made 
and dismantled, partly related to frequency of usage 
deduce that learning is the process of acquiring and encoding 
new information in the brain, the outcome of which is memory 
deduce that memory entails encoding (acquisition and 
consolidation), storage, and retrieval 
discuss and use techniques to improve cognitive and study 
skills and memory 
discuss issues involved in constructing a theory of 
consciousness 
 
deduce that psychoactive drugs alter neurochemistry as 
agonists, antagonists, inhibitors, or releasers 
construct a basic model of addiction for a particular drug, 
including both neurochemical/neuropharmacological and 
social aspects 
discuss issues related to use and abuse of legal and illegal 
psychoactive drugs (cf. IS 2.2.4, 2.2.5; 4.4.2) 
 

• research into and discussion of history 
and politics of regulation of psychoactive 
drugs 
• research into the mode of action of nerve 
poisons (e.g., strychnine) 
• analyse the use of selective serotonin 
reuptake inhibitors in the treatment of 
depression and anxiety disorders 

7.2. Human scale 
 

How vertebrates, 
including humans, 
defend the integrity 
of the self against 
threats from within 

and without. 
Disease as a 

phenomenon of 
populations, and 

how it can be 
combatted through 
human ingenuity 
and cooperation. 

7.2.1. The vertebrate 
immune system 

 
…self-defence as 

primordial in evolution 
 

…the nonspecific 
immune response 

 
…the adaptive 

immune response 
 

…humoral and cell-
mediated responses 

 
…the role of the 

immune system in the 
control of the 

multicellular self 
 

…memory cells, long-

recognise that all organisms must possess evolved defences 
against injury and pathogens 
recognise that multicellular organisms must also have 
evolved defences against rogue cells and cell proliferation (cf. 
4.6.1) 
 
describe the principal aspects and deduce the function of the 
main components of the nonspecific immune inflammatory 
response (swelling, redness, heat, pain, chemical signalling) 
recognise that phagocytes carry out a primordial defensive 
response that appeared early in evolution (no details of 
phagocyte types required) 
 
know that antigen-presenting leucocytes link the nonspecific 
and adaptive immune responses (double recognition; no 
details of antigen-presenting leucocyte types required) 
 
distinguish between the humoral immune response and the 
cell-mediated response and know the basic roles of B-cells 
and T-cells in each (limited to plasma cells, memory B-cells, 
helper T-cells, memory T-cells, and cytotoxic T-cells) 

• identify aspects of inflammation in minor 
injuries present in the class population 
• centrifugation of blood 
• micrographs of blood cells 
• experiments with and/or videos of 
phagocytosis 
• analyse action of anti-inflammatory 
medicines 
• demonstration of or practice with 
immunological tests (e.g., Ouchterlony 
double diffusion, ELISA, hemagglutination) 
• micrographs of the cytotoxic T-cell “kiss 
of death” 
• research autoimmune diseases (e.g., 
rheumatoid arthritis, type 1 diabetes, celiac 
disease, multiple sclerosis) 
• discuss potential of cancer 
immunotherapies 
• create graphical representations of 
immune response, linked to vaccines 
• graphical representation of immune 
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term immunity, and 
vaccination 

 
…autoimmune 

disorders 

know that some T-cells produce interleukins, signalling 
molecules that promote a global adapted immune response 
demonstrate the presence of antibodies in serum 
draw and label diagrams of antigen-antibody immune 
complexes  
 
know the role of the MHC class 1 cell surface protein 
complex in recognition of self by leucocytes (no details of 
protein structure or antigen presentation required) 
describe the role of T-cells in controlling rogue self (e.g., 
potentially cancerous cells, cf. 4.6) 
 
know that the adaptive immune system creates 
immunological memory, conferring more or less long-term 
protection against pathogens 
know the basic roles, origin, and development of B-cells and 
T-cells after selection (no details of differentiation or 
positive/negative selection)  
know that the lymphatic system stores memory B- and T-cells 
for long-term immunity 
describe how vaccines bring about long-term immunity (cf. IS 
2.2.2) 
 
deduce that malfunctions of the adaptive immune system can 
give rise to autoimmune diseases 

response to HIV and development of AIDS 

7.2.2. Epidemiology 
and public health 

 
…disease as a 
phenomenon of 

populations 
 

…modelling disease 
outbreaks 

 
…vaccination and 

herd immunity 
 

…the role of public 
health agencies 

recognise that disease is a phenomenon of populations as 
well as individuals (epidemics, pandemics, environmental and 
systemic diseases; cf. IS 2.2.2, 2.2.3) 
 
experiment with a simple mathematical model of infection in 
a population (R0 resulting from varying values of virulence, 
duration of infection, rate of transmission, and initial immunity; 
cf. IS 2.2.2) 
model exponential transmission of infection in a vulnerable 
population and relate it to population growth and evolution (cf. 
5.1.4, 6.3.3) 
deduce and discuss additional factors influencing R0, and 
distinguish those factors inherent to the pathogen from those 
depending on human response 
explain the role of zoonoses in the appearance of new 
human infectious diseases 

• use interactive online epidemiological 
models  
• model contagion using Glo-Germ 
• research spillover events introducing 
novel pathogens to human populations 
(e.g., tuberculosis, influenza, HIV, Ebola, 
Q fever, SARS-CoV-2) and the factors 
making them more likely and more severe 
(e.g., human population increase and 
increased mobility, habitat destruction, 
ecosystem disruption due to climate 
change, industrial animal production, 
bushmeat hunting) 
• study historical outbreaks and social and 
epidemiological responses, both 
destructive and constructive (e.g., 
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model the role of vaccination in building herd immunity (cf. IS 
2.2.2, 7.2.1) 
 
identify and discuss the complexities of public health data 
collection and the construction of epidemiological models 
during and after an outbreak 
discuss the strengths and limitations of epidemiological 
models 

know that public health organisations monitor and combat 
both infectious and noninfectious disease 
analyse the particular public health challenges of influenza, a 
continually re-emerging zoonosis 
discuss issues involved in communication of facts and 
recommendations between experts, politicians, and the 
general public 
discuss issues related to public health and sustainable 
development 

scapegoating of “outsider” or “other” 
groups, organisation of humanitarian aid, 
public health measures such as 
quarantines, lockdowns, improvements in 
public sanitation, disease tracking, panic 
hoarding) 
• study historical and contemporary 
vaccination campaigns and analyse 
impediments to their success (e.g., 
smallpox, polio, measles…) 
• analyse, compare, and contrast 
epidemiological models constructed during 
and after an outbreak of a given disease 
(e.g., HIV, seasonal flu, pandemic flu, 
SARS-CoV-2) 
• identify organisations at the local, 
national, and international levels involved 
in public health monitoring and disease 
response 
• coordinate with human sciences teacher 
to discuss issues of differential access to 
health care within and between countries 
worldwide 
• invite a local public health professional 

6.3. Time scales 
 

Consideration of 
biological 

phenomena over 
two time scales: 

 
The scale of 

individual 
reproduction and 

inheritance, 
comprising 
molecular, 

Mendelian, and 
chromosomal 

genetics. 
 

6.3.1. DNA 
 

…DNA replication 
 

…DNA-level 
mutations 

 
…consequences of 
human manipulation 

of DNA 
 

...current methods of 
genetic modification 

 
…Mendelian 

inheritance of DNA-
level mutations 

give schematic overview of DNA replication (cf. 5.4.2) 
explain the roles of DNA helicase and the DNA polymerase 
complex 
recognise the significance of the opposite 5’-3’ directionality 
of the two backbone strands for replication (no details of 
Okazaki fragments, no details of primers or the role of RNA) 
 
review how substitutions in replication can give rise to same-
sense, mis-sense, or non-sense mutations (cf. 5.4.2) 
deduce the effect of insertion or deletion of a nucleotide 
during replication (frameshifts) 
review causes of DNA mutation (cf. 5.4.2) 
 
give an overview of CRISPR and/or other current methods of 
genetic modification 
 
discuss practical and ethical consequences of human 

• analyse Meselson-Stahl experiments 
• analyse well-known cases of genetic 
disorders (e.g., hemophilia in European 
royal families, sickle-cell anemia, etc.) 
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The scale of 
evolution, 

comprising an 
enriched 

understanding of 
the action of natural 
selection, and the 

construction of 
evolutionary 
phylogenies. 

 

 
…DNA 

electrophoresis 

intervention into DNA (e.g., gene transfer within and between 
species, gene repair; cf. 5.4.3)  
 
analyse a case in which a substitution or frameshift gives rise 
to a Mendelian dominant or recessive allele and construct 
monohybrid Punnett squares to describe them 
review monohybrid Punnett squares in cases including sex 
linkage, incomplete dominance, and codominance (cf. 5.2.2)  
 
explain the principle of and perform DNA electrophoresis  
explain the principle of and perform PCR 
 
analyse results of DNA electrophoresis to identify genotypes 

6.3.2. Polygenic 
characters and 
chromosomal 

genetics 
 

…dihybrid crosses 
 

…epistasis 
 

…polygenic 
characters and the 
origin of the normal 

distribution of 
phenotypes 

 
…sources of variation 

in meiosis 
 

…sexual vs. asexual 
reproduction 

 
…chromosome- and 

genome-level 
mutation 

 

Nota bene: The objective of 6.3.2 is to understand the 
principle that phenotypes usually result from the interplay of 
multiple alleles, rather than to work problem sets as ends in 
themselves. The goal of the first learning objective (dihybrid 
crosses) is to set up the three following groups of learning 
objectives: the role of epistasis; the origin of the Gaussian 
distributions generally seen in phenotypes in large 
populations (cf. 5.1.2); and the identification of particular 
genes with their physical locations on chromosomes. 
 
construct and analyse dihybrid crosses using Punnett 
squares, including F1 and back crosses 
 
deduce phenotypes in cases of epistasis, and vice versa 
know that the expression of every gene is the result of 
complex epistatic relations with other genes 
 
deduce and model how polygenic characters result in very 
large Punnett squares, giving many phenotypes, that fall into 
normal (Gaussian) distributions in populations (cf. 5.1.2) 
 
deduce and model the events of meiosis (cf. 5.3.1), including 
crossing over in prophase 1 
calculate the number of possible combinations resulting from 
metaphase 1 (without crossing over) for a given number of 

• use online resources for calculating large 
Punnett squares, phenotypes, normal 
distribution 
• compare chimpanzee and human 
karyotypes to reveal fusion in human 
chromosome 2  
• study of “Triangle of U” species of 
Brassica  
• research genetic history of modern crops 
(e.g., strawberries, wheat) 
 



 

2020-12-D-27-en-3  19/47 

…selective breeding 
and genetic 

manipulation in 
horticulture and 

agriculture 
 

…gene linkage 

chromosome pairs (2n) 
compare and contrast the recombination potential of 
crossing over and metaphase 1 
deduce that crossing over thoroughly shuffles genes, 
ensuring unique gametes 
deduce that only germ-line mutations occurring during 
meiosis are inherited by sexually produced offspring 
 
compare and contrast the evolutionary advantages and 
disadvantages of asexual and sexual reproduction 
 
analyse karyotype and other data in cases of chromosome 
and genome-level mutation (e.g., fusion, fission, translocation, 
inversion, polyploidy) 
relate genome mutations to the events of meiosis 
deduce possible evolutionary consequences of genome 
mutations (e.g., sympatric speciation by polyploidy) 
 
recognise the agricultural and horticultural importance of 
genome-level mutations in plants 
recognise the agricultural and horticultural importance of 
commercial F1 plant hybrids 
recognise the increasing importance of modern genetic 
manipulation techniques in agriculture 
 
analyse the results of unequal ratios of offspring in a dihybrid 
back cross to deduce the phenomenon of gene linkage 
recognise that Mendelian alleles correspond to physical loci 
on linear chromosomes 

6.3.3. Evolution 
 

…types of selection 
 

…speciation  
 

…species definitions 
 

…phylogeny 
construction 

 
…classification 

review the principle of evolution by natural selection (cf. 
5.1.5) 
deduce the existence of directional, stabilizing, and disruptive 
selection 
 
construct models of modes and patterns of speciation 
(allopatric, sympatric, adaptive radiation) 
 
discuss the strengths and weaknesses of various definitions 
of species 
 
construct, describe, and analyse evolutionary phylogenies 

• investigate current theories of 
abiogenesis (e.g., membrane vs. 
replicators)  
• research and debate species concepts 
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using disparate types of data (e.g., gene sequences, genomic 
comparison, morphological data, fossils, other dating 
technologies) and appropriate terminology (e.g., last common 
ancestor, ancestral/derived characters, monophyletic taxon) 
 
relate evolutionary phylogenies to biological classifications 
(characters define groups; importance of groups within 
groups) 

7.3. Time scales 
 

Building on the 
scales of 

inheritance and 
evolution in 6.3: 

 
 The recognition 
that, while DNA 

provides the 
information 

underlying an 
organism’s 

development, its 
individual life 

history is shaped by 
epigenetic factors. 

 
Addition of a 
mathematical 

modelling 
perspective to a 

population-based 
understanding of 

evolution. 

7.3.1. From genes to 
organism 

 
…penetrance and 

heritability 
 

…consequences of 
epigenetics to 

individual organisms, 
including humans 

 
…genetic and 

epigenetic origins of 
phenotype 

 
…the multivalent 
usages of “gene” 

review molecular and chromosomal genetics (6.3.1, 6.3.2) 
 
analyse data for a case study to deduce the concept of 
penetrance (the statistical expression of genotype as 
phenotype for a population) 
analyse data for a case study to deduce the concept of 
heritability (how much of phenotypic variation in a population 
can be attributed to genetic variation) 
 
deduce the importance of epigenetic factors in the 
determination of phenotype 
analyse and discuss the significance of penetrance and 
heritability to results of genetic testing and the consequences 
to patients and families 
 
know that many genes code for switch and regulator proteins 
know that the timing of switches and regulators in 
development and metabolism is influenced or even controlled 
by events in both internal and external milieus, in which 
environmental and random factors play roles 
describe phenotype as the result of complex interplay 
between gene expression, developmental, and environmental 
factors 
 
discuss varying usages of “gene” (e.g., DNA sequence, 
Mendelian factor, popular explanations of appearance or 
behaviour) (cf. 7.1.2) 

• BRCA mutations as case study for 
penetrance, heritability, prevalence 
• discussion with a genetic councillor 
• research role of stress hormones in 
regulating cellular and organismal 
metabolism 
• research regulation of gene expression 
(e.g., homeotic genes, acquisition of 
sexual phenotype in embryonic 
development, operons, silencers) 
• experiments to show epigenetic factors in 
development—e.g. in plants 
• discuss ways in which identical twins 
differ 
 

7.3.2. Mathematical 
modelling of 

evolution 
 

…the Hardy-
Weinberg equilibrium 

review natural selection, speciation, and systematics (cf. 
6.3.3)  
 
recognise the utility of the Hardy-Weinberg equation for 
revealing when a population is evolving with respect to a 
given gene 

• cheetahs as example of genetic 
bottleneck effect 
• possible examples of population genetic 
models to be treated qualitatively: 
eusociality in hymenoptera; drift leading to 
allele fixation in a finite population; 
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equation as the basis 
for population 

genetics 
 

…evolutionary 
consequences of 
random factors 

 
…a qualitative 
treatment of a 

population genetic 
model 

 
…consequences of 

loss of genetic 
diversity 

 
deduce and model the effects of random factors (founder 
effects, bottlenecks, genetic drift; cf. speciation in 6.3.3) 
 
discuss a qualitative overview of a theory or model derived 
from population genetics  
 
model the consequences of loss of genetic diversity in a 
population (up to and including extinction) and relate to issues 
of biodiversity and conservation 

maintenance of 50/50 sex ratios under 
most circumstances 
• research and discuss issues of genetic 
diversity in species conservation projects 

6.4. Planet scale 
 

An introduction to 
ecological theory, 

practice, and 
modelling. A 
grounding in 

population ecology. 
Repercussions of 
human effects on 

ecologies at scales 
from local to global, 

and possible 
solutions to 

anthropogenic 
problems. 

 

…a local ecology 
 

…biotic and abiotic 
factors 

 
…the concept of 

niche 
 

…types of ecological 
interactions 

 
…population 
demography  

 
…equilibrium and 
carrying capacity 

 
…models of 

ecological interactions 
 

…biodiversity and 
extinction 

 
…ecological 

consequences of 

describe habitats in terms of biotic and abiotic factors 
 
define individual and species-level interactions in context of 
ecological niches 
 
describe ecological relationships using appropriate 
terminology (competition, predation, parasitism, amensalism, 
commensalism, mutualism, symbiosis) 
 
model linear and exponential population curves (cf. 5.1.4)  
analyse demographic data (e.g., life tables, survivorship 
curves) for a population 
discuss patterns of historical and projected human population 
growth and their underlying data and causes 
analyse limiting factors to exponential population growth and 
model the resulting logistic population growth curves 
model a theory of an evolved reproductive strategy  
 
deduce the concepts of ecological equilibrium and carrying 
capacity  
explain why ecological equilibria and carrying capacities are 
contingent and context-dependent 
distinguish density dependent and density independent 
factors contributing to equilibria and carrying capacities 
 

• investigate allelopathic chemicals 
produced by plant species such as purple 
nutsedge (Cyperus rotundus), eucalyptus 
(various Eucalyptus spp.), black walnut 
(Juglans nigra), or tree-of-heaven 
(Ailanthus altissima), inhibiting growth of 
other plants 
• investigate fungal-plant relationships 
(e.g., truffles, mycorrhizae, rhizobia, 
tannins, phoresis) 
• species survey of local habitats 
compared with historical 
distributions/records 
• coordinate with human science teachers 
to study human historic demographic 
questions 
• engage in citizen science projects—
collaborate with universities, foundations, 
etc. 
• possible models of evolved reproductive 
strategies:  origin and maintenance of 
sexual reproduction; life history theory; 
semelparity/iteroparity; r/K strategies 
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anthropogenic climate 
change and other 

human factors 
 

…ecosystem services 
and issues of 
sustainable 

development 

model a case of ecological interaction at the species level 
model a case of ecological interaction at the ecosystem level 
 
analyse biodiversity, using examples at genetic, species, and 
ecosystem levels 
research biodiversity losses at different levels due to the 
current mass extinction event  
analyse extinction in terms of the resilience of a given 
ecosystem 
 
research, analyse, and model ecological release and/or 
ecological displacement due to human factors (e.g., land use 
changes, accidental or deliberate species introductions) 
research and analyse changes to local and global 
ecosystems resulting from climate change and other human-
caused factors 
 
discuss the concept of ecosystem services 
discuss ethical and political issues related to human use of, 
and intervention in, ecosystems at scales from local to 
planetary, and sustainable solutions 

• possible models of species-level 
ecological interaction: predator-prey 
cycling, coevolution, symbiosis 
• possible models of ecosystem-level 
interaction: ecological sucession, island 
biogeography 
• use island biogeography analysis to 
model habitat fragmentation due to human 
land use issues 
• coordinate with geography, economics 
teachers to discuss land use, ecosystems 
services, climate change, biodiversity loss, 
and other relevant topics 

7.4. Planet scale 
 

Building on the 
foundation in 

population ecology 
acquired in 6.4, 
pupils add the 
perspective of 
ecosystems 

analysis, modelling 
energy and matter 
flows, and apply 
these models to 

human issues (e.g., 
anthropogenic 

climate change, 
pollution, 

sustainable 
agriculture) 

…ecosystems 
analysis 

 
…trophic levels in 
terms of energy, 

biomass, and energy 
flow 

 
…ecosystems in 
terms of cycles of 

matter (water, carbon, 
nitrogen, phosphorus) 

 
…the role of 
modelling in 

planetary-level 
sciences 

 
…the roles and 

consequences of 

review population ecology themes and contexts (cf. 6.4) 
 
analyse ecosystems as communities of organisms interacting 
in context of the abiotic characteristics of their environment 
distinguish autotrophs and heterotrophs (including 
decomposers) in a given ecosystem 
draw and label a schema of trophic levels using given data 
for an ecosystem 
describe and analyse trophic levels in terms of energy and 
biomass pyramids (e.g., the rule of tenths) 
give an overview of and analyse energy flow through 
ecosystems from photosynthesis to decomposition 
 
give an overview of and analyse the water cycle globally 
and for a given ecosystem (cf. IS 3.2) 
analyse the carbon cycle globally and for a given ecosystem 
explain sources, scale, and global and local consequences, 
of human release of sequestered carbon 
analyse the nitrogen cycle globally and for a given ecosystem 
explain source, scale, and global and local consequences of 

• create and/or use Sankey diagrams or 
other representations of matter/energy 
flows and trophic levels 
• construct closed biological systems (e.g., 
terraria, aquaria, Winogradsky columns) to 
analyse matter and energy flows 
• research percentage of human energy 
production devoted to nitrogen fixation and 
fertiliser production 
• research local effects of pollution and 
fertiliser runoff 
• invite speakers to present different 
approaches to agriculture and industrial 
production 
• debate organic vs. industrial agriculture 
benefits and drawbacks 
• coordinate with geography and 
economics teachers to treat issues of, e.g., 
food security, resource equity, economic 
issues related to growth, links between 
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human intervention in 
energy and matter 
flows at local and 

global scales 
 

human industrial nitrogen fixation 
analyse the phosphorus cycle for a given ecosystem 
explain sources of, and global and local consequences of, 
human industrial phosphate production 
 
analyse and discuss role of modelling in planetary-level 
sciences 
 
relate human intervention in carbon, nitrogen, and 
phosphorus cycles, including the roles of energy generation 
and synthetic fertilisers, to human population growth (cf. 6.4) 
compare and contrast energy and matter flows in natural, 
agricultural, and industrial (including industrialised agriculture) 
contexts 
review the concept of ecosystem services (cf. 6.4) and 
integrate ecosystems analysis perspectives 
discuss ethical and political issues related to human use of, 
and intervention in, ecosystems at scales from local to 
planetary, and sustainable solutions 

access to education and population growth 
• possible examples for planetary sciences 
modelling: systems ecology, 
oceanography, climatology 
• possible ethical and political issues for 
discussion: accommodating future 
population growth while planning for its 
moderation; issues of food security, 
resource equity; economic models 
depending on continued growth 
• research and debate propositions to 
combat climate change and other 
anthropogenic issues 
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5. Assessment  
 
Assessments must be oriented around the Key Competences for the European Schools (see 
section 1), the attainment descriptors for biology (see sections 3.1 and 5.1), the cross-cutting 
concepts shared by mathematics and science (see section 3.2), and the principles mentioned in the 
document Marking system of the European Schools: Guidelines for use (2017-05-D-29). 
Teachers must incorporate assessment of all of these in each year’s teaching. Assignment of 
semester grades must likewise be based on the descriptors. 
 
Pupils must be assessed in a broad variety of ways throughout the year, to give a wide-ranging 
picture of each pupil’s attainments, strengths, and areas for further work. Both formative and 
summative assessments must be used, ranging from quick and simple (e.g., short quizzes, oral 
assessments by teacher during the course of an activity, brief presentations by pupils of work in 
progress) to more complex and time-demanding (e.g., laboratory reports, tests requiring pupils to 
apply learned content in new situations, group presentations of a project). Practical work should 
make up a very substantial component of the course. 
 
Assessments over the course of a year must include tasks requiring pupils to: 
 

• design and carry out their own investigation 
• write a laboratory report including abstract/methods/results/conclusions 
• use mathematical techniques 
• make and use models of phenomena and/or systems 
• do substantial writing 
• practice digital literacy skills 
• integrate historical, social, civic, cultural, and/or ethical aspects of science 
• present their work to classmates, parents, or the public 
• practice skills and content in structured exercises (e.g., worksheets, problem sets) 
• demonstrate mastery of subject content, including ability to apply content to new situations 
• demonstrate mastery of practical skills 
• work in teams 
• carry out self and peer evaluation 
• engage in debates and class discussions 

 
Teachers should make an annual assessment plan that provides a weighting of different assessment 
activities and ensures that all the competences are assessed within each school year of the cycle.  
 
Examinations should not test pupils only on factual knowledge and comprehension, but also 
substantially assess application, analysis, and written communication skills, in accordance with the 
attainment descriptors (see section 5.1) and the matrix for the written baccalaureate examination. 
Teachers should not emphasise rote learning. Pupils should be prepared: to analyse documents 
and data sets, to bring their own contextual knowledge to bear, and to synthesise complex 
responses, including propositions for further investigation. 
 
The written baccalaureate examination will consist of three sections:  
 

- a guided exercise, providing data taken from a source or sources in the primary scientific 
literature along with explanatory material, and posing a series of questions to assess 
knowledge, comprehension, and application; 

- a synthesis exercise, asking candidates to make sense of, explain, and draw conclusions 
from an array of data taken from a source or sources in the primary scientific literature; 

- an essay based on an open-ended prompt, asking candidates to marshal content knowledge 
in support of an argument in a wider context, which may include social, ethical, or sustainable 
development aspects of a question. 
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While topics from all four themes of the syllabus will be covered in each year’s baccalaureate 
examination, the three sections of the examination will not be fixed by theme. The treatment of 
themes, and subject content addressed, across the three sections of the examination will vary from 
year to year. Assessment will be oriented to the competences given in the attainment descriptors. 
Knowledge/comprehension questions will be weighted at no more than 35% of the total examination; 
candidates must demonstrate expertise in application (weighted 40%) and analysis (weighted 20%) 
in order to achieve a passing mark. Candidates may be asked to propose experimental protocols as 
part of assessment of application and analysis. The quality of the candidate’s written communication 
(verbal and graphical) will be assessed in a global mark (5%).  
 
Each subject for the oral examination should draw from at least two syllabus themes, and should 
likewise be oriented to the competences given in the attainment descriptors. Each oral examination 
subject must require the candidate to analyse data drawn from the primary literature. Questions 
testing pure knowledge/comprehension should make up no more than 35% of the points: candidates 
must demonstrate expertise in application (weighted 40%) and analysis (weighted 20%) in order to 
achieve a passing mark. The quality of the candidate’s communication (oral and graphical) will be 
assessed in a global mark (5%). 
 
Use the biology booklet (Reference Booklet for Biology S6-S7 – 4 Periods) is permitted for all 
assessments in S6-S7, including all examinations. 
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5.1. Attainment descriptors – Biology S6-S7 
  

Globally, students should develop awareness of the environment and learn to act as responsible citizens with respect to it. 
 

 

 

 

9.0-10 
Excellent 

 

 

8.0-8.9 
Very good  

 

 

 7.0-7.9 
Good 

 

 

6.0-6.9 
Satisfactory  

 

 

5.0-5.9 
Sufficient 

 

 

3.0-4.9 
Failed/Weak 

 

 

0-2.9 
Failed/ 

Very Weak 
  

Knowledge 

 

 

 

Comprehension 

Displays comprehensive 
knowledge of facts… 

Displays a very broad 
knowledge of facts… 

Displays a broad 
knowledge of facts… 

Displays a 
reasonable 
knowledge of facts 
and definitions… 

Recalls main 
names, facts and 
definitions… 

Displays little recall 
of factual 
information… 

Displays very little 
recall of factual 
information… 

…and a thorough command 
and use of concepts and 
principles in science. 

…and a good command 
and use of concepts 
and principles in 
science. 

…and good 
understanding of main 
concepts and principles 
in science. 

…and understanding 
of basic concepts 
and principles in 
science. 

…but 
understands only 
basic concepts 
and principles in 
science. 

…and a limited 
understanding of 
concepts and 
principles in science. 

…and shows very 
little understanding 
of scientific 
principles and 
concepts. 

Application 

Makes connections between 
different parts of the syllabus 
and applies concepts to a 
wide variety of unfamiliar 
situations and makes 
appropriate predictions. 

Makes some 
connections between 
different parts of the 
syllabus and applies 
concepts and principles 
to unfamiliar situations. 

Is capable of using 
knowledge in an 
unfamiliar situation. 

Is capable of using 
knowledge in a 
familiar situation. 

Can use basic 
knowledge in a 
familiar situation. 

Is unable correctly to 
apply basic 
knowledge to solve 
problems. 

Is entirely unable to 
apply even basic 
knowledge to solve 
problems. 

Analysis 

Is capable of detailed and 
critical analysis and 
explanations of complex 
data. 

Analyses and explains 
complex data well. 

Produces good analysis 
and explanations of 
simple data. 

Produces basic 
analysis and 
explanations of 
simple data. 

Given a structure 
can analyse and 
explain simple 
data. 

Can use data only 
with significant 
guidance. 

Fails to use data 
adequately. 

Experimental 
Work 

Formulates hypotheses, 
plans and carries out 
investigations using a wide 
range of techniques while 
being aware of ethical 
issues. 

Plans and carries out 
investigations using 
appropriate techniques, 
being aware of safety 
issues. 

Follows a written 
procedure safely and 
makes and records 
observations, 
presenting them using 
different techniques. 

Follows a written 
procedure safely 
and records 
observations. 

Follows a written 
procedure safely 
and makes basic 
observations 

Has difficulty 
following 
instructions without 
supervision. 

Is not able to safely 
follow a written 
procedure. 
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Digital and 
Information 

Competences6 

Can consistently 
independently find, 
and assess the 
reliability of, 
information on 
scientific subjects, on- 
and offline.  

Can usually 
independently find, 
and assess the 
reliability of, 
information on 
scientific subjects, on- 
and offline.  

Can often 
independently find, 
and assess the 
reliability of, 
information on 
scientific subjects, on- 
and offline.  

With aid, can find, and 
assess the reliability 
of, information on 
scientific subjects, on- 
and offline.  

Can retrieve 
information on 
scientific subjects 
when directed to 
reliable sources, on- 
and offline.  

Generally unable to 
find, or to assess the 
reliability of, 
information on 
scientific subjects, on- 
and offline.  

Unable to find, or to 
assess the reliability 
of, information on 
scientific subjects, 
on- or offline.  

Can independently 
use appropriate 
software for science 
tasks. 

Can use appropriate 
software for science 
tasks with some 
assistance. 

Can use appropriate 
software for science 
tasks with assistance. 

Can use appropriate 
software for science 
tasks given structured 
assistance. 

Can follow structured 
instructions to use 
appropriate software 
for science tasks. 

Has great difficulties 
using appropriate 
software for science 
tasks even with 
assistance. 

Unable to use 
appropriate software 
for science tasks 
even with 
assistance. 

Communication 
(oral and written) 

Communicates clearly 
using scientific 
vocabulary correctly. 
Demonstrates 
excellent presentation 
skills. 

Communicates 
clearly using 
scientific vocabulary 
correctly. 
Demonstrates very 
good presentation 
skills. 

Communicates clearly 
most of the time using 
scientific vocabulary 
correctly. 
Demonstrates good 
presentation skills. 

Uses basic scientific 
vocabulary, and 
descriptions show 
some structure. 
Demonstrates 
satisfactory 
presentation skills. 

Uses basic scientific 
vocabulary, but 
descriptions may lack 
structure or clarity. 
Demonstrates 
satisfactory 
presentation skills 

Generally produces 
descriptions that are 
insufficient or 
incomplete with a 
poor use of scientific 
vocabulary. Lacks 
acceptable 
presentation skills. 

Has very poor 
communication and 
presentation skills. 

Teamwork 

Works constructively 
as a team member, 
shows initiative, and 
can act as a team 
leader. 

Works constructively 
in a team. 

Works well in a team. 
Works satisfactorily 
in a team. 

Participates in 
teamwork. 

Needs assistance 
when working in a 
team. 

Does not work in a 
team. 

 
 
 
 

                                                            
6 *This competence is part of the European Digital Competence Framework (https://ec.europa.eu/jrc/en/digcomp).  
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SYNOPSIS 
9.0-10.0 - Excellent 

 
The student: displays comprehensive knowledge of facts and a thorough command and use of concepts and principles 
in science. Makes connections between different parts of the syllabus and applies concepts to a wide variety of unfamiliar 
situations and makes appropriate predictions. Is capable of detailed and critical analysis and explanations of complex 
data. Can consistently independently find, and assess the reliability of, information on scientific subjects, on- and offline. 
Formulates hypotheses, plans and carries out investigations using a wide range of techniques while being aware of 
ethical issues. Can independently use appropriate software for science tasks. Communicates clearly using scientific 
vocabulary correctly. Demonstrates excellent presentation skills. Works constructively as a team member, shows 
initiative, and can act as a team leader. 

 
8.0-8.9 - Very good 

 
The student: displays a very broad knowledge of facts and a good command and use of concepts and principles in science. 
Makes some connections between different parts of the syllabus and applies concepts and principles to unfamiliar situations. 
Analyses and explains complex data well. Plans and carries out experiments using appropriate techniques, being aware of 
safety issues. Can usually independently find, and assess the reliability of, information on scientific subjects, on- and 
offline. Can use appropriate software for science tasks with some assistance. Communicates clearly using scientific 
vocabulary correctly. Demonstrates very good presentation skills. Is able to draw, describe and analyse different kinds of 
graphs. Works constructively in a team. 

 
7.0-7.9 - Good 

 
The student: displays a broad knowledge of facts and good understanding of main concepts and principles in science. Is 
capable of using knowledge in an unfamiliar situation. Produces good analysis and explanations of simple data. Follows 
a written procedure safely and makes and records observations, presenting them using different techniques. Can often 
independently find, and assess the reliability of, information on scientific subjects, on- and offline. Can use appropriate 
software for science tasks with assistance. Communicates clearly most of the time using scientific vocabulary correctly.  
Demonstrates good presentation skills. Is able to draw, describe and analyse simple graphs. Works well in a team. 

 
6.0-6.9 - Satisfactory 

 
The student: displays a reasonable knowledge of facts and definitions and understanding of basic concepts and principles 
in science. Is capable of using knowledge in a familiar situation. Produces basic analysis and explanations of simple data. 
Follows a written procedure safely and records observations. With aid, can find, and assess the reliability of, information 
on scientific subjects, on- and offline. Can use appropriate software for science tasks given structured assistance. Uses 
basic scientific vocabulary, and descriptions show some structure. Demonstrates satisfactory presentation skills. Is able to 
draw, describe and read simple graphs. Works satisfactorily in a team. 
 

5.0-5.9 - Sufficient 
 

The student: recalls main names, facts and definitions but understands only basic concepts and principles in science. 
Can use basic knowledge in a familiar situation. Given a structure can analyse and explain simple data. Follows a written 
procedure safely and makes basic observations. Can retrieve information on scientific subjects when directed to reliable 
sources, on- and offline. Can follow structured instructions to use appropriate software for science tasks. Uses basic 
scientific vocabulary, but descriptions may lack structure or clarity. Demonstrates satisfactory presentation skills. Is able 
to draw and describe simple graphs. Participates in teamwork. 
 
3.0-4.9 - Failed/Weak 

 
The student: displays little recall of factual information and a limited understanding of concepts and principles in science. 
Is unable correctly to apply basic knowledge to solve problems. Can use data only with significant guidance. Has difficulty 
following instructions without supervision. Is generally unable to find, or to assess the reliability of, information on scientific 
subjects, on- and offline. Has great difficulties using appropriate software for science tasks even with assistance. 
Generally produces descriptions that are insufficient or incomplete with poor use of scientific vocabulary. Lacks acceptable 
presentation skills. Has difficulty drawing and describing simple graphs. Needs assistance when working in a team. 

 
0-2.9 - Failed/Very weak 

 
The student: displays very little recall of factual information and shows very little understanding of scientific principles and 
concepts. Is entirely unable to apply even basic knowledge to solve problems. Fails to use data adequately. Is not able 
to safely follow a written procedure. Is unable to find, or to assess the reliability of, information on scientific subjects, on- 
or offline. Is unable to use appropriate software for science tasks even with assistance. Has very poor communication 
and presentation skills. Has difficulty drawing and describing simple graphs without assistance. Does not work in a team. 
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6. Annex 1 – Operators used in learning objectives in 4.2, by attainment 
descriptor 

 
Note: operators may apply to and be listed under more than one attainment descriptor. 

 

 
 

Knowledge Fachkenntnisse Connaissances 
define definieren définir 
draw (a schema or diagram) skizzieren/zeichnen dessiner 
label (a schema or diagram) beschriften légender 
give overview einen Überblick geben présenter une vue globale 
identify identifizieren identifier 
know wissen/erkennen savoir/connaître 
name nennen nommer 
review überprüfen revoir/réviser 

Comprehension Verständnis Compréhension 
describe beschreiben décrire 
distinguish unterscheiden/abgrenzen distinguer 
explain erklären présenter/expliciter/préciser 
recognise erkennen comprendre/constater 

Application Anwendung Application 
analyse analysieren/untersuchen/auswerten étudier/interpréter 
calculate berechnen calculer 
compare vergleichen comparer 

compare/contrast 
Gemeinsamkeiten, Ähnlichkeiten und 
Unterschiede ermitteln 

comparer 

construct (a model) (ein Modell) entwerfen concevoir (un modèle) 
deduce ableiten déduire 
discuss diskutieren/erörtern argumenter/discuter 
relate verknüpfen relier/mettre en relation 
use anwenden utiliser/exploiter 

Analysis Bewertung Analyse 
analyse analysieren/untersuchen/auswerten étudier/interpréter 
discuss diskutieren/erörtern argumenter/discuter 
interpret (experimental results) interpretieren interpréter (résultats expérimentaux) 
model entwickeln modéliser 
relate verknüpfen relier/mettre en relation 

Experimental Work Experimentelle Arbeit Travail expérimental 
demonstrate zeigen démontrer 
experiment Experimente durchführen expérimenter, effectuer 
explore erkunden/untersuchen explorer, étudier 
model/construct a model modellieren/entwickeln modéliser 
perform durchführen réaliser 

Digital and Information 
Competences 

ICT und Medienkompetenz 
Compétences numériques et 

information 
analyse analysieren/auswerten/untersuchen analyser 
model entwickeln modéliser 
research untersuchen rechercher 

Communication 
(oral and written) 

Kommunikation 
(mündlich und schriftlich) 

Communication 
(orale et écrite) 

model/construct a model 
modellieren/entwickeln/(ein Modell) 
entwerfen 

modéliser/ concevoir (un modèle) 

discuss diskutieren discuter/argumenter 
draw (a schema or diagram) skizzieren/zeichnen und beschriften dessiner et légender 

Teamwork Teamarbeit Travail en groupe 
discuss diskutieren échanger 
experiment Experimente durchführen expérimenter, effectuer 
explore erkunden/untersuchen explorer, étudier 
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Annex 2 – Sample written Baccalaureate examination, matrix, and marking scheme 

Matrix template 

 

 

 

N.B.: A single question may encompass more than one competence. 
* In total parts 1 and 2 must always be 70 points 
** Overall:   Knowledge/Comprehension:   +/‐ 35%  

Application:        +/‐ 40% 
Analysis:         +/‐ 20% 
Written communication:     5% 
 

*** Rubric for communication:  
The mark for written communication is to be allocated globally, taking into account the following criteria:  
Candidate employs correct and appropriate scientific vocabulary (no penalties for spelling unless content meaning is compromised). Candidate’s 

Part  of 

examination 

Competence(s) **  Weight 

in % 

Learning 

Objective(s) 

Questions  Evaluation/Marking  Weight in points 

1. Guided exercise 
(30-40 points *) 

Knowledge and 
Comprehension 

+/‐50%      Paper‐specific Marking Scheme   

Application  +/‐30%    Paper‐specific Marking Scheme   
Analysis   +/‐20%    Paper‐specific Marking Scheme   

      (30‐40) * 
2. Synthesis exercise 
(30-40 points *) 

Knowledge and 
Comprehension 

+/‐20%    Paper‐specific Marking Scheme   

Application  +/‐40%    Paper‐specific Marking Scheme   
Analysis   +/‐40%    Paper‐specific Marking Scheme   

      (30‐40) * 
3. Essay 
(25 points) 

Knowledge and 
Comprehension 

+/‐40%   

Rubric 

 

Application  +/‐40%     
Analysis   +/‐20%     

      25 

(5 points)  Written communication   (100%)  Overall  Rubric for Communication ***  5 

Total exam            100 
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graphical representations (including graphs, diagrams, sketches, etc.) are clear, neatly constructed, suitably sized and scaled, appropriately titled and 
labelled, and correct. Candidate constructs logical and concise answers, subordinating parts to the whole, integrating the data and information 
provided. Candidate argues coherently, employing a clear point of view.  
Candidates may not lose all of the points allocated to the assessment of written communication for faults in any single one of the criteria above. A mark 
of 5 points may be allocated for an overall excellent, but not necessarily flawless, performance. 
 

Paper specific Matrix 

 

N.B.: A single question may encompass more than one competence. 
* In total parts 1 and 2 must always be 70 points 
** Overall:   Knowledge/Comprehension:   +/‐ 35% 33% 

Application:        +/‐ 40% 36% 
Analysis:         +/‐ 20% 26% 
Written communication:     5% 

Part  of 

examination 
Competence(s) ** 

Weight 

in % 

Learning 

Objective(s) 
Questions  Evaluation/Marking 

Weight 

in points 

1. Guided 
exercise (34 
points*) 

Knowledge and 
Comprehension 47% 

See paper-
specific marking 

scheme for 
each section for 

detailed 
breakdown by 

question 

a), c), d), h), i), j); part 
of e) Paper‐specific Marking 

Scheme 

16 

Application 29% g), l), part of e) 10 
Analysis  24% b), f), k) 8 

    34* 

2. Synthesis 
exercise 
(36 points*) 

Knowledge and 
Comprehension 19.5% parts of b), c), d) 

Paper‐specific Marking 
Scheme 

7 

Application 44.5% parts of b), c), d) 16 
Analysis  36% a); parts of b), c), d) 13 

    36* 

3. Essay 
(25 points) 

Knowledge and 
Comprehension 40% Competences, 

cross-cutting 
concepts, and 
subject content 
appropriate to 

pupil’s response 

Essay prompt Paper‐specific Rubric 
10 

Application 40% 10 
Analysis  20% 5 

    25 

(5 points) Written communication (100%) Overall 
Rubric for Communication 

*** 
5 

Total exam      100 
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*** Rubric for communication:  
The mark for written communication is to be allocated globally, taking into account the following criteria:  
Candidate employs correct and appropriate scientific vocabulary (no penalties for spelling unless content meaning is compromised). 
Candidate’s graphical representations (including graphs, diagrams, sketches, etc.) are clear, neatly constructed, suitably sized and scaled, 
appropriately titled and labelled, and correct. Candidate constructs logical and concise answers, subordinating parts to the whole, integrating 
the data and information provided. Candidate argues coherently, employing a clear point of view.  
Candidates may not lose all of the points allocated to the assessment of written communication for faults in any single one of the criteria 
above. A mark of 5 points may be allocated for an overall excellent, but not necessarily flawless, performance. 
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Section 1 - Guided Exercise 

Page 1/4 Points 

THE P53 PROTEIN – “GUARDIAN OF THE GENOME” 
 
 
Most cancers are sporadic (apparently random). However, in some cases, cancers 
run in families, indicating an at least partially inherited (genetic) cause. One 
example, which has helped to unravel some of the biology of cancer, is that of Li-
Fraumeni syndrome (LFS). 

Scientists Frederick Li and Joseph Fraumeni found several families in which 
people tended to develop multiple cancers, usually starting in childhood or 
adolescence. They examined not only the first patients referred to them (the 
probands, in the terminology of medical genetics), but also their family members. 
They also took family histories, with as much information as they could get about 
the occurrence of cancers among their relatives. 

Figure 1 shows the pedigree they constructed for their first proband. Based on the 
information for this family and three others, for which they were able to construct 
smaller pedigrees, Li and Fraumeni tentatively hypothesized in 1969 that 
inheritance of a single mutant allele might be responsible. 

 

a) Define allele.  1 

Figure 1. Pedigree of “Family A” from the first paper documenting cancers in what was 
later called Li-Fraumeni syndrome. Li and Fraumeni simplified the pedigree: the missing 
parents in each generation were unaffected. 

 

Key 

 Female, unaffected by cancer 

 Female, affected by cancer 

 Male, unaffected by cancer 

 Male, affected by cancer 

 Deceased 

 Proband 

2 2 siblings sharing same phenotype 

 
 

 

b) Using figure 1 and explaining your reasoning, show why Li and 
Fraumeni proposed that LFS is caused by an autosomal dominant gene.  

4 
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Research to identify the gene in question in Li-Fraumeni syndrome continued for 
decades. Finally, a team of researchers looked at correlations between genes 
known to be inactivated in sporadic cancers and those typical of people with LFS. 
Their candidate was a gene called TP53, which codes for a protein called p53, 
because this gene had been shown to be frequently inactivated in sporadic 
cancers. 

 

c) Briefly sketch how a gene leads to the production of a protein. 4 

P53 turns out to be a keystone protein in the self-regulation of vertebrates, acting 
in fundamental ways to guard against the occurrence of cancers – it is so 
important, in fact, that it has been nicknamed “the Guardian of the Genome”. 
Mutations to TP53 are implicated in over half of all human cancers. The p53 
protein binds to DNA, although its activity is normally inhibited by a regulator 
protein called mdm2. If the DNA is damaged, the mdm2 protein is removed and the 
p53 protein is activated. It then either triggers the suspension of cell division and 
the initiation of repair mechanisms, or it triggers apoptosis (cell self-destruction) – 
how the protein “decides” which path should be followed is still not understood.  

 

d) The human immune system also plays a role in controlling potential 
cancer cells.  Give a brief overview of the role of T-cells in this process.  

4 

A high percentage of the functional genes in the human genome (perhaps around 
30%) code for regulatory proteins, like mdm2, mentioned above. 

 

e) Explain why regulator proteins such as mdm2 are essential to the 
function of a cell and an organism.  

2 

Mutated versions of TP53 have been isolated from many cancers, including from 
LFS patients. Mutations have occurred to many different parts of the gene in 
different patients. Figure 2 presents one such mutation and shows the functional 
domains of the protein (the regions whose structure is crucial to its function). 

 

Figure 2.  Structure of wild-type (A) and a mutated p53 protein (B). TAD1, PRD, DBD, TD 
and BD are the functional domains of the p53 protein structure. The numbers indicate the 
amino acids in the protein (each functional domain is connected to the next by amino acids 
that do not participate in the protein’s function). 

 

  

  

A) WT 
TP53 Structure 

 

 
B) Ser90FS*32 
TP53 Structure 
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f) Identify the amino acid number, and location by functional domain, of 
the mutation within the gene.  

2 

g) Interpret the difference between the 2 forms of the p53 protein shown in 
Figure 2, and suggest a type of mutation that could have produced this 
change.  

3 

Figure 3 shows a p53 protein bound to a DNA sequence. However, the protein 
shown is only one of the versions encoded by the TP53 gene. At least 12 different 
isomers (versions) of the p53 protein have been isolated. 

 

Figure 3. The first described isomer of the p53 protein, shown bound to a DNA sequence.  

 

 

h) Define exon.  1 

i) Explain how a single gene can encode more than one protein.  3 

Figure 4. Cancer-specific penetrance estimates for TP53 mutation carriers.  

  female -breast 
female - sarcoma 
female - other 
male - sarcoma 
male - other 
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 j) Distinguish between the penetrance and the heritability of a gene. 2 

 k) Interpret the penetrance estimates for TP53 mutation for breast cancer 
in females and sarcoma in males shown in figure 6.  

2 

 Figure 5. Contrasting views on the genetic testing of minor children.  

 
If a TP53 variant has been identified in a family, testing of at-risk relatives can identify 
family members who also have LFS and thus need increased cancer monitoring and 
early intervention when a cancer or precancer is identified. Since the risks of LFS-
related cancers are increased at all ages it is recommended that predictive testing be 
offered to individuals at birth or soon after birth. (adapted from Katherine Schneider et 
al., USA)  

A genetic examination is only prescribed in a minor when the benefit (for them or their 
family) is obvious and immediately essential; otherwise, it is recommended to offer it 
to them when they reach legal majority. (France: Article R. 1131-5 du code de la santé 
publique) 

The concept of predictive genetic testing of a child for a disease that may (or may not) 
occur in young adulthood challenges our perception of the ethics of disclosure of 
genetic test results, where the potential beneficiary of these results may wish to uphold 
the right to “not know”. (David Malkin, Canada) 

• Genetic testing of children and adolescents is indicated only if required for 
confirmation of the cause of a disease and/or clarification of a differential diagnosis of 
existing symptoms.  

• If parents for personal reasons urgently want to test a child for a disease that 
manifests only in adulthood, the family should be fully advised about all conceivable 
aspects of this request for diagnosis. If necessary, psychological counselling may be 
helpful to further clarify the personal motivations of the parents. (Sabine Rudnik-
Schöneborn et al., Germany) 

 

 

 l) Taking into account the information and views in figures 4 and 5, and 
your own knowledge, explain whether you would advise parents with 
a germline TP53 mutation to have their newborn child’s genes tested 
for LFS.  

 

6 
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Section 2 - Synthesis 

Page 1/2 Points 

The ancestors of domestic pigs (Sus scrofa domesticus) evolved in tropical and 
subtropical environments, where maintaining normal body heat was less difficult 
than it is for pigs now living in temperate or subarctic climates. Industrial-scale pork 
producers in colder regions have a significant problem with keeping newborn 
piglets warm, entailing billions of euros/year in energy costs. A team of scientists 
has created genetically modified pigs, introducing a gene for a protein called UCP1 
that can generate heat using a mitochondrial pathway common in most other 
mammals. The modified pigs, called KI (“knock-in”), were compared with the 
standard “wild type” (WT).  

UCP1 is a channel protein present in the inner membrane of mitochondria in 
certain tissues, alongside the protein complexes of the electron transport chain and 
ATP synthase (refer to reference booklet pp. 11-12). UCP1 allows protons to pass 
freely through the inner membrane.  

UCP proteins are also found in plants. Certain plants use them for thermogenesis 
(heat production), notably skunk cabbages (genus Symplocarpus). Skunk cabbage 
plants can generate enough heat to melt their way through snow in early spring 
and are among the earliest-flowering plants in eastern North America and east 
Asia. They are pollinated by flies and other carrion-feeding insects that are hungry 
and cold after a long winter and attracted to their warm, smelly flowers. 

 

 

Figure 1. KI piglets at day 15. 

 

 

Figure 2. An inflorescence (flowering 
structure) of S. foetidus. The 
inflorescence is composed of two parts: 
the columnar spadix, bearing many 
small flowers, sheltered within the 
spathe. 
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Section 2 - Synthesis 

Page 2/2 Points 
 

Figure 3. Thermal imaging of WT and KI 
piglets (see figure 1) after 0 and 4 hours 
of chilling at 4°C. Blue and green indicate 
cooler areas; pink and red are warmer. 
The areas 1, 2, and 3 shown by white 
dotted lines are major regions of fat 
tissue in pigs. 

 

Figure 4. Thermal imaging of a 
Symplocarpus inflorescence (see 
figure 2 for terminology). 
 

 

Figure 5. Protein electrophoresis to 
detect gene expression in fat tissue of 
WT and KI pigs. The numerals 1, 3, and 
2 correspond to the regions of fat tissue 
shown in figure 3. The fragment 
representing the UCP1 protein is 
indicated by the arrow. 

 

Figure 6. Expression analysis (by 
protein electrophoresis) of UCP 
protein in Symplocarpus renifolius 
during thermogenic phase of 
flowering. 

 

 

 

Referring to all the information provided in Section 2 and your own knowledge:  

a) Identify where thermogenesis due to UCPs takes place in KI pigs and 
skunk cabbages.  

4 

b) Explain how this heat is generated and deduce the result for ATP 
production. 

18 

c) Discuss whether the approach taken by the scientists who created the 
KI pigs represents a reasonable solution to the costs of pork production 
(justify your reasoning).  

7 

d) Discuss how this method of heat generation can have evolved 
independently in unrelated lineages (mammals and skunk cabbages).  

7 
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Section 3 - Essay 

Page 1/1 Points 

 

 

Discuss whether the global human population can achieve herd immunity to 
an emerging disease, beginning with the identification of the pathogen. Your 
essay must cover connections among at least three of the following aspects: 
evolution, ecology, epidemiology, political/social contexts, sustainability 
aspects, or immunology. 

 

 

25 
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Marking scheme 

 

Section 1. Guided Exercise. 34 points 
 

THE P53 PROTEIN – “GUARDIAN OF THE GENOME” 

 

a) 1 point. The different forms of a gene/different versions of a gene (1 KC). 
 
b) 4 points. LFS shows a typical autosomal dominant pattern of inheritance because: 
 

• the trait appears in every generation (1 Ana) 
• each person affected by the trait has an affected parent (1 Ana) 
• when a branch of the family does not express the trait, it never reappears in future 
generations of that branch, e.g., III 2 and descendants (1 Ana) 
• males and females are affected in approximately equal numbers, and males can 
inherit it from their fathers (e.g., the proband), which could not be the case if it were on 
the X (1 Ana) 

 
c) 4 points. Sketch should include: 

• Transcription: DNA to mRNA in the nucleus (1 KC) 
• Translation: mRNA to amino acids, occurs at the ribosomes (1 KC) 
• Order of nucleotides in the gene determines amino acids in polypeptide/protein (1 KC) 
• Processing and packaging of protein in Golgi apparatus (1 KC) 

 
d) 4 points. Killer/Cytotoxic T cells (1 KC) destroy cancer cells directly by production of 

cytokines and/or perforin and/or by triggering apoptosis in target cells (1 KC). Helper T 
cells (1 KC) activate antigen specific effector cells and recruit the cells of the innate 
immune response, triggering the humoral response (1 KC). 

 
e) 2 points. Organisms must be able to respond to individual circumstances and 

conditions, and so cannot simply run off inalterable preset programs (1 App). Regulator 
proteins such as mdm2 turn specific genes on and off in response to genetic, 
developmental, and/or environmental signals (1 KC). 

 
f) 2 points. The mutation must have occurred at the codon for the 90th amino acid (1 

Ana) in the PRD region of the wild-type gene (1 Ana). 
 
g) 3 points. The wild type (A) form of the protein is longer, 393 amino acids; the mutated 

form (B) is shorter, 120 amino acids (1 App). Since the protein continues from AA 90-
AA120, but not with the correct structure, there must be a frameshift in the DNA, with a 
stop codon at the position for amino acid 121 (1 App). Plausible suggestions: a single 
base insertion or deletion, or an insertion or deletion of a whole section of the gene, or 
any other plausible suggestion, that changes the sequence of amino acids (in fact, there 
is a deletion of four bases, which cannot be deduced from the figure) (1 App). 

 
h) 1 point. Exons are the sections of the DNA sequence/RNA transcript that code for 

amino acids/proteins (1 KC). 
 
i) 3 points. Genes are made up of introns (non-coding areas) and exons, which are all 

transcribed to produce the primary RNA transcript (1 KC). Spliceosomes cut out the 
introns and join the exons of the primary transcript to form the mRNA for a particular 
protein (1 KC). The gene may allow for alternative splicing: the spliceosomes may join 
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different combinations of exons to produce different mRNA, and therefore different 
proteins, from the same primary transcript (1 KC). 

 
j) 2 points. Penetrance: the proportion of individuals in a population having a given allele 

of a gene who also express that allele/related trait (1 KC). Heritability: the proportion of 
variation in a particular trait that is attributable to genetic factors (1 KC). 

 
k) 2 points. Female breast cancer has the highest penetrance of the 5 forms shown: over 

0.35 by about age 65 (1 Ana). Sarcoma in males (and also females) has the lowest 
penetrance at approx. 0.1 by about age 40, and therefore the lowest risk of developing 
these cancers (1 Ana).  

 
l) 6 points. Any well-argued answer that refers to figures 4 and 5 (6 App). 
 
 
 
 
  

Question Learning objectives 
Total 

points 
K/C 

+/- 50% 
App 

+/- 30% 
Ana 

+/- 20% 
a) 6.3.1-2 (7.3.1) 1 1   
b) 6.3.1 (7.3.1) 4   4 
c) 7.1.2 4 4   
d) 7.2.1 4 4   
e) 7.3.1 2 1 1  
f) 6.3.1 (7.3.1) 2   2 
g) 6.3.1 (7.3.1) 3  3  
h) 7.1.2 1 1   
i) 7.1.2 3 3   
j) 7.3.1 2 2   
k) 7.3.1 2   2 
l) 7.3.1 6  6  

      
TOTAL  34 16 10 8 

%   47% 29% 24% 
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Section 2. Synthesis. 36 points. 
 

The answer to each question must refer to the specific documents used to answer the 
question. 

 
a) 4 points. Figure 3 shows that thermogenesis in KI pigs occurs in the fatty tissues, 

and especially in those of area 2 (1 Ana), which is significantly warmer than in the 
WT pigs (1 Ana). Figure 4 and figure 8 show that thermogenesis in skunk cabbages 
takes place in the spadix (1 Ana), which is 10-12 degrees warmer than the spathe 
and the ambient environment (1 Ana). 

 
b) 18 points. The electron transport chain in the inner membrane builds up a proton 

gradient across the inner membrane (1 KC). Normally, protons flow down the 
gradient from the intermembrane space to the matrix via ATP synthase (1 KC). In 
this case, however, the UCP1 channel protein provides an alternate path to equalise 
the concentrations (1 App).  

 
In this case, however, instead of being transformed into chemical energy, the energy is 
simply released as heat. The evidence for this: 
 

• Figure 5 and figure 6: UCP proteins are present in all thermogenic tissues 
(the fatty tissues of the KI pigs and the spadix of the skunk cabbage) (1 App); 
whereas they are not present in the fatty tissues of WT pigs (figure 5,1 Ana), 
and are absent or minimally present in the leaf, spathe, and root of skunk 
cabbage (figure 6, 2 Ana). 

• Figure 7: O2 consumption in KI pigs at maximal respiration (which one would 
expect to see in cold animals) (1 App) is significantly higher in KI pigs than in 
WT pigs (1 Ana), indicating that the ETC in the mitochondria (whose ultimate 
electron acceptor is oxygen) is significantly more active in KI pigs (1 Ana). 

• Figure 8: CO2 production in the spadix of S. renifolius varies inversely with 
the ambient temperature (1 Ana), and is highest at the points when the 
difference in temperature between the spadix and the ambient air is greatest 
(1 Ana). CO2 is produced in the Krebs cycle (1 KC), so this indicates that 
mitochondrial activity (1 App) is highest at these times (1 App). 

 
Effect of UCP proteins on ATP production: the UCPs offer an alternative pathway for the 
protons to flow down their gradient (1 App), reducing the number of protons that flow through 
the ATP synthase complex (1 App), and so it follows that if UCP proteins are active, then 
ATP production in mitochondria where they are present will be diminished (1 App). 
 

c) 7 points. Any well-reasoned answer taking into account information from the subject. 
Possible aspects that may be considered: sustainability gains from energy savings in 
pork production; increased efficiency of agriculture; ethical/political/sustainability 
issues with industrial agriculture; animal welfare considerations; 
ethical/scientific/sustainability/political issues with GMOs... (2 KC, 4 App, 1 Ana) 

 
d) 7 points. Any well-reasoned answer taking into account information from the subject, 

for example: The presence of UCP proteins in both mammals and plants indicates 
that they were part of the genome of the common ancestor of both taxa, although 
their original function may not have had to do with thermogenesis. Since they are 
commonly used for thermogenesis in mammals, they may always have had this 
function in animals or it evolved in an ancestor of mammals, but it was lost in the pig 
lineage, where its function in warm climates was unnecessary. Most plants 
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apparently do not use them for thermogenesis, but a variation with this effect must 
have been present in the ancestors of skunk cabbages, giving them a selective 
advantage by allowing them to bloom and attract pollinators earlier than other 
flowering plants in spring. (2 KC, 4 App, 1 Ana) 

 
 
 
 

Question Learning objectives Total points KC App Ana 

a) Cross-cutting concepts 3, 4, 5 4   4 
b) 6.1.1, 6.1.3, 6.1.5, 7.1.1 18 3 8 7 
c) Cross-cutting concepts 5, 6, 7 7 2 4 1 
d) 6.3.2, 6.3.3, 7.3.2 7 2 4 1 

TOTAL  36 7  16  13  
%   19.5% 44.5% 36% 
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Section 3. Essay. Marking Rubric. 
The candidate... 

i. ...has a coherent point of view, expressed in a clear, coherent, and specific thesis statement. 

5 points 4 points 3 points 2 points 0–1 point 

thesis clear, coherent, and 
specific  

thesis is largely but not 
entirely clear, coherent, 

and/or specific 

thesis not entirely clear, not 
coherently expressed, and 

missing specifics 
thesis incoherent/unclear thesis missing 

 

ii. ...has organised and structured the essay, signalling the relationship of sections (introduction, evidence, conclusions) to the 
whole. 

5 points 4 points 3 points 2 points 0–1 point 

well-organised; relationship 
of parts evident; clear 

connections made among 
different parts of syllabus; 

the reader is never lost 

largely well-organised with 
connections drawn among 

parts of syllabus; reader can 
follow without great effort 

shows evidence of planning, 
but organisation unclear in 

parts; makes some 
connections among parts of 
syllabus; reader is able to 

follow with an effort 

organisation of essay 
unclear; connections not 

drawn among parts of 
syllabus; reader is often lost 

no apparent organisation 

 

iii. ...justifies assertions with factual knowledge using correct and appropriate information drawn from syllabus learning objectives. 

13–15 points 10–12 points 7–9 points 4–6 points 0–3 points 

marshals facts from all 
domains relevant to 

question and relates them to 
each other; presents data in 

clear and appropriate 
formats 

good command of facts from 
most domains relevant to 

question with some relation 
among them; data 

presented in appropriate 
formats 

able to bring some factual 
knowledge to each relevant 
domain with some relation 

among them; data 
presented in understandable 

formats 

factual knowledge 
insufficient and/or incorrect; 

data inappropriately or 
unclearly presented 

little to no command of 
factual information; data 
absent or inappropriate 
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Sources 
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February 2008): 323–24, https://doi.org/10.1104/pp.107.113563. 
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2020-12-D-27-en-3                                                                                                                                    47/47 

Annex 3 – Oral examination – Assessment record sheet 
 

École européenne de ………………………………………… 
 

Student/Élève/Schüler: ……………………………………   Class/Classe/Klasse: …………….. 
 

Examiner/Examinateur/Examinator: ……………………………………. 
 

Mark Evaluation according to the attainment descriptors 
9.0-10 

Excellent 
The candidate has a “big picture” view of biology. Can move easily and unaided 
among types of data and techniques of analysis, demonstrating mastery of factual 
content and vocabulary at the top level of the syllabus or beyond. Is at ease analysing 
unfamiliar problems, and can propose imaginative experimental or investigative 
approaches. Has clearly and concisely organized responses to set problems, and 
engages fluently in follow-up discussion.   

8.0-8.9 
Very good 

The candidate has a “big picture” view of biology, and can move among types of data 
and techniques of analysis with little aid, demonstrating mastery of factual content and 
vocabulary over the entire syllabus. Is able to analyse unfamiliar problems 
competently and can propose some investigative approaches. Has well-organized 
responses to set problems, and is able to respond appropriately to follow-up 
discussion. 

7.0-7.9 
Good 

The candidate understands and is competently able to apply the types of data and 
techniques of analysis called for in the syllabus, drawing on solid knowledge of factual 
content and vocabulary. Can analyse unfamiliar problems and suggest investigative 
approaches given minimal aid from the examiners. Has competently organized 
responses to set problems, and is able to engage in follow-up discussion, supported 
by the examiners. 

6.0-6.9 
Satisfactory 

The candidate demonstrates understanding of the major areas covered by the 
syllabus, employing correct vocabulary and recalling relevant facts, and is able to 
utilize data and apply analytic techniques, given some aid from the examiners. May 
require some aid to analyse unfamiliar problems or to suggest investigative 
approaches. Has prepared and structured responses to set problems to present within 
allotted time, and is able to engage in follow-up discussion when led by the examiners. 

5.0-5.9 
Sufficient 

The candidate demonstrates understanding of and is able to use data and apply 
analytic techniques from each major section of the syllabus, given aid from the 
examiners. Largely employs correct vocabulary and is able to recall basic facts related 
to a question. Given aid from the examiners, can analyse a familiar problem and 
suggest at least one investigative approach. Has prepared responses to all set 
problems and presented them coherently. Is able to follow up on at least one further 
point in discussion with the examiners when led. 

3.0-4.9 
Failed/Weak 

The candidate displays gaps in knowledge of one or more sections of the syllabus, 
and is unable successfully to use data or apply analytic techniques from these, even 
for familiar problems and with substantial aid from the examiners. Shows gaps in 
vocabulary and/or factual knowledge that are not corrected after support from the 
examiners. Responses have not been prepared to all questions, and/or the candidate 
is unable to respond within the allotted time. Minimal capacity or opportunity for follow-
up discussion. 

0-2.9 
Failed/ 

Very Weak 

The candidate displays major gaps in most parts of the syllabus, and is unable 
successfully to use data or apply analytic techniques for these, even with substantial 
aid from the examiners. Major gaps in vocabulary and factual knowledge. Responses 
are substantially missing, incorrect, off-topic, disorganized, and/or out of the allotted 
time. There is no possibility of follow-up discussion. 

 Final mark:  
Note finale: 
Endnote:              

 

 
 

Date/Date/Datum: ……………………     Signature/Signature/Unterschrift: ……………………………… 
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