Qualification O ‘ R
Accredited

Oxford Cambridge and RSA

GCSE (9-1)

Specification

TWENTY FIRST

CENTURY SCIENCE
BIOLOGY B

J257

For first assessment in 2018

Version 3.3 (January 2024) ocr.org.uk/gcsec21biology


https://ocr.org.uk/gcsec21biology
https://ocr.org.uk/gcsec21biology

Disclaimer Specifications are updated over time. Whilst every effort is made to check all
documents, there may be contradictions between published resources and the
specification, therefore please use the information on the latest specification at
all times. Where changes are made to specifications these will be indicated within
the document, there will be a new version number indicated, and a summary
of the changes. If you do notice a discrepancy between the specification and a
resource please contact us at: resources.feedback@ocr.org.uk

We will inform centres about changes to specifications. We will also publish
changes on our website. The latest version of our specifications will always be
those on our website (ocr.org.uk) and these may differ from printed versions.

Registered office:

The Triangle Building © 2024 OCR. All rights reserved.

Shaftesbury Road

Cambridge Copyright

CB2 8EA OCR retains the copyright on all its publications, including the specifications.
However, registered centres for OCR are permitted to copy material from this

OCR is an exempt charity. specification booklet for their own internal use.

Oxford Cambridge and RSA is a Company Limited by Guarantee. Registered in
England. Registered company number 3484466.



mailto:resources.feedback%40ocr.org.uk?subject=
https://www.ocr.org.uk/

Contents

Support and Guidance ii
Assessment Preparation and Analysis Service iii

1  Why choose an OCR GCSE (9-1) in Biology B (Twenty First Century Science)? 1
1la. Why choose an OCR qualification? 1

1b. Why choose an OCR GCSE (9-1) in Biology B (Twenty First Century Science)? 2

lc. What are the key features of this specification? 4

1d. How do | find out more information? 4

2 The specification overview 5
2a. OCR’s GCSE (9—1) in Biology B (Twenty First Century Science) (J257) 5

2b. Content of GCSE (9—1) in Biology B (Twenty First Century Science) (J257) 6

2c. Content of chapters B1 to B8 9

3  Assessment of GCSE (9-1) in Biology B (Twenty First Century Science) 61
3a. Forms of assessment 61

3b. Assessment objectives (AO) 62

3c. Command words 63

3d. Tiers 65

3e. Total qualification time 65

3f. Qualification availability outside of England 66

3g. Language 66

3h. Assessment availability 66

3i. Retaking the qualification 66

3j. Assessment of extended response 66

3k. Synoptic assessment 67

3l. Calculating qualification results 67

4  Admin: what you need to know 68
4a. Pre-assessment 68

4b. Special consideration 69

4c. External assessment arrangements 69

4d. Results and certificates 70

de. Post-results services 70

4f, Malpractice 70

5 Appendices 71
5a. Grade descriptors 71

Sb. Overlap with other qualifications 72

5c. Accessibility 72

5d. Units in science 73

Se. Mathematical skills 74

5f. Mathematical skills requirement 75

5g. Health and Safety 77
Summary of updates 78

Version 3.3 © OCR 2024
GCSE (9-1) in Biology B (Twenty First Century Science) L



Support and Guidance

Introducing a new specification brings challenges for
implementation and teaching, but it also opens up
new opportunities. Our aim is to help you at every
stage. We are working hard with teachers and other
experts to bring you a package of practical support,
resources and training.

Subject Advisors

OCR Subject Advisors provide information and
support to centres including specification and non-
exam assessment advice, updates on resource
developments and a range of training opportunities.

Our Subject Advisors work with subject communities
through a range of networks to ensure the sharing of
ideas and expertise supporting teachers and students
alike. They work with developers to help produce our
specifications and the resources needed to support
these qualifications during their development.

You can contact our Science Subject Advisors for
specialist advice, guidance and support:

01223 553998

ScienceGCSE@ocr.org.uk

@OCR_Science

Teaching and learning resources

Our resources are designed to provide you with a
range of teaching activities and suggestions that
enable you to select the best activity, approach or
context to support your teaching style and your
particular students. The resources are a body of

knowledge that will grow throughout the lifetime of
the specification, they include:

o Delivery Guides

o Transition Guides

. Topic Exploration Packs
o Lesson Elements.

We also work with a number of leading publishers
who publish textbooks and resources for our
specifications. For more information on our
publishing partners and their resources visit:
ocr.org.uk/qualifications/gcse-and-a-level-reform/
publishing-partners

Professional development

Our improved Professional Development
Programme fulfils a range of needs through

course selection, preparation for teaching, delivery
and assessment. Whether you want to come to
face-to-face events, look at our new digital training
or search for training materials, you can find what
you’re looking for all in one place at the CPD Hub:
cpdhub.ocr.org.uk

An introduction to new specifications

We run training events throughout the academic
year that are designed to help prepare you for first
teaching and support every stage of your delivery of
the new qualifications.

To receive the latest information about the training
we offer on GCSE and A Level, please register for
email updates at: ocr.org.uk/updates
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Assessment Preparation and Analysis Service

Along with subject-specific resources and tools, you’ll
also have access to a selection of generic resources

Subject Advisor Support

Our Subject Advisors provide
you with access to specifications,
high-quality teaching resources
and assessment materials.

Skills Guides

These guides cover topics that
could be relevant to a range
of qualifications, for example
communication, legislation
and research.

Download the guides at
ocr.org.uk/skillsguides

that focus on skills development, professional
guidance for teachers and results data analysis.

ExamBuilder

Enabling you to build, mark and assess tests
from OCR exam questions and produce a
complete mock GCSE or A Level exam.

Find out more at ocr.org.uk/exambuilder

Practice Papers

Assess students’ progress under
formal examination conditions

with question papers downloaded
from a secure location, well-presented,
easy-to-interpret mark schemes

and commentary on marking and
sample answers.

Active Results

Our free online results analysis
service helps you review the
performance of individual students
or your whole cohort. For more
details, please refer to
ocr.org.uk/activeresults
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1 Why choose an OCR GCSE (9-1) in Biology B

(Twenty First Century Science)?

la. Why choose an OCR qualification?

Choose OCR and you’ve got the reassurance that
you’re working with one of the UK’s leading exam
boards. Our new OCR GCSE (9-1) in Biology B
(Twenty First Century Science) course has been
developed in consultation with teachers, employers
and Higher Education to provide learners with a
gualification that’s relevant to them and meets
their needs.

We're part of the Cambridge Assessment Group,
Europe’s largest assessment agency and a
department of the University of Cambridge.
Cambridge Assessment plays a leading role in
developing and delivering assessments throughout
the world, operating in over 150 countries.

We work with a range of education providers,
including schools, colleges, workplaces and other
institutions in both the public and private sectors.
Over 13 000 centres choose our A Levels,

GCSEs and vocational qualifications including
Cambridge Nationals and Cambridge Technicals.

Our Specifications

We believe in developing specifications that help you
bring the subject to life and inspire your learners to
achieve more.

We've created teacher-friendly specifications based
on extensive research and engagement with the
teaching community. They’re designed to be
straightforward and accessible so that you can tailor
the delivery of the course to suit your needs. We aim
to encourage learners to become responsible for
their own learning, confident in discussing ideas,
innovative and engaged.

We provide a range of support services designed to
help you at every stage, from preparation through
to the delivery of our specifications. This includes:

1

o A wide range of high-quality creative resources
including:
o Delivery Guides
o Transition Guides

Topic Exploration Packs

Lesson Elements

o ...and much more.

O

O

. Access to Subject Advisors to support you
through the transition and throughout the
lifetime of the specification.

. CPD/Training for teachers to introduce the
qualifications and prepare you for first teaching.

. Active Results — our free results analysis
service to help you review the performance
of individual learners or whole schools.

. ExamBuilder — our free online past papers
service that enables you to build your own
test papers from past OCR exam questions.

All GCSE (9-1) qualifications offered by OCR are
accredited by Ofqual, the Regulator for qualifications
offered in England. The accreditation number for
OCR’s GCSE (9-1) in Biology B (Twenty First Century
Science) is QN601/8506/5.
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1b. Why choose an OCR GCSE (9-1) in Biology B

(Twenty First Century Science)?

We appreciate that one size doesn’t fit all so we offer
two suites of qualifications in each science:

Biology A (Gateway Science) — Provides a flexible
approach to teaching. The specification is divided into
topics, each covering different key concepts of
biology. Teaching of practical skills is integrated with
the theoretical topics and they are assessed through
the written papers.

Biology B (Twenty First Century Science) — Learners
study biology using a narrative-based approach. Ideas
are introduced within relevant and interesting settings
which help learners to anchor their conceptual
knowledge of the range of biological topics required
at GCSE level. Practical skills are embedded within

the specification and learners are expected to carry
out practical work in preparation for a written
examination that will specifically test these skills.

Biology B (Twenty First Century Science) has been
developed with the University of York Science

Aims and learning outcomes

Education Group (UYSEG) in conjunction with subject
and teaching experts. Together we have aimed to
produce a specification with up to date relevant
content accompanied by a narrative to give context
and an idea of the breadth of teaching required. Our
new GCSE (9-1) in Biology B (Twenty First Century
Science) qualification builds on our existing popular
course. We’ve based the redevelopment of our GCSE
(9-1) sciences on an understanding of what works
well in centres large and small. We've undertaken

a significant amount of consultation through our
science forums (which include representatives from
learned societies, HE, teaching and industry) and
through focus groups with teachers.

The content is clear and logically laid out for both
existing centres and those new to OCR, with
assessment models that are straightforward to
administer. We have worked closely with teachers
to provide high quality support materials to guide
you through the new qualifications.

GCSE study in the sciences provides the foundation
for understanding the material world. Scientific
understanding is changing our lives and is vital to
world’s future prosperity, and all learners should be
taught essential aspects of the knowledge, methods,
process and uses of science. They should be helped to
appreciate how the complex and diverse phenomena
of the natural world can be described in terms of a
small number of key ideas relating to the sciences
which are both inter-linked, and are of universal
application. These key ideas include:

o the assumption that every effect has one or
more cause

. that change is driven by differences between
different objects and systems when they
interact

. that many such interactions occur over a

distance and over time without direct contact

. that science progresses through a cycle of
hypothesis, practical experimentation,

o the use of conceptual models and theories to observation, theory development and review
make sense of the observed diversity of natural
phenomena . that quantitative analysis is a central element
both of many theories and of scientific
methods of inquiry.
5 Version 3.3 © OCR 2024
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The Twenty First Century Science suite will enable
learners to:

o develop scientific knowledge and conceptual
understanding through the specific disciplines
of biology, chemistry and physics

. develop understanding of the nature, processes
and methods of science, through different
types of scientific enquiries that help them to
answer scientific questions about the world
around them

develop and learn to apply observational,
practical, modelling, enquiry and problem-
solving skills, both in the laboratory, in the
field and in other learning environments

develop their ability to evaluate claims based
on science through critical analysis of the
methodology, evidence and conclusions, both
qualitatively and quantitatively.
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1c. What are the key features of this specification?

Building on research, and on the principles of Beyond
2000, the Twenty First Century Science suite was
originally developed by the University of York Science
Education Group (UYSEG), the Nuffield Foundation
and OCR.

The 2016 suite continues to recognise the diversity
of interests and future intentions of the learner
population who take a science qualification at GCSE
level. The specifications will prepare learners for
progression to further study of science, whilst at the
same time offering an engaging and satisfying course
for those who choose not to study academic science
further.

The Twenty First Century Science suite will:

. take opportunities to link science to issues
relevant to all learners as citizens, and to the

cultural aspects of science that are of value and
interest to all

. develop learners’ abilities to evaluate
knowledge claims critically, by looking at the
nature, quality and extent of the evidence,
and at the arguments that link evidence to
conclusions

. develop learners’ understanding of the
concepts and models that scientists use to
explain natural phenomena

. develop learners’ ability to plan and carry out
practical investigations and their understanding
of the role of experimental work in developing
scientific explanations.

1d. How do | find out more information?

Whether new to our specifications, or continuing
on from our legacy offerings, you can find more
information on our webpages at www.ocr.org.uk

Visit our subject pages to find out more about the
assessment package and resources available to
support your teaching. The science team also
release a termly newsletter Science Spotlight
(despatched to centres and available from our
subject pages).

If you are not already a registered OCR centre then
you can find out more information on the benefits of
becoming one at: www.ocr.org.uk

If you are not yet an approved centre and would like
to become one go to: www.ocr.org.uk/approvals

Want to find out more?
You can contact the Science Subject Advisors:

Email: ScienceGCSE@ocr.org.uk,
Telephone: 01223 553998

Visit our Online Support Centre at support.ocr.org.uk

Check what CPD events are available:
www.cpdhub.ocr.org.uk

Follow us on Twitter:
https://twitter.com/ocr_science
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2 The specification overview

2a. OCR’s GCSE (9-1) in Biology B (Twenty First Century Science) (J257)

Learners are entered for either Foundation Tier (components 01 and 02) or Higher Tier (components 03 and 04)
to be awarded the OCR GCSE (9-1) in Biology B (Twenty First Century Science).

Content Overview Assessment Overview

Foundation Tier, grades 1to 5

Content is split into eight teaching chapters: Breadth in biology 50(y
o Chapter B1: You and your genes 1257/01 o
o Chapter B2: K.et.epmg healthy 90 marks Of tOta |
. Chapter B3: Living together — food and .
1 hour 45 minutes
ecosystems . GCS E
. . Written paper
o Chapter B4: Using food and controlling
growth
o Chapter B5: The human body — staying alive
Chapter B6: Lifi Earth - t, t
. anj,;:cuiLre ife on Ear past, presen Depth in biology 50(y
. J257/02 (Y
o Chapter B7: Ideas about Science
. Chapter B8: Practical Skills 90 marks Of tOta|
1 hour 45 minutes
Both tent f Il eight
oth papers assess content from all eig Written paper GCS E
chapters.

Higher Tier, grades 4to 9

Content is split into eight teaching chapters: Breadth in biology 50(y
o Chapter B1: You and your genes J257/03 o
o B2: i

Chapter Kfagplng healthy 90 marks Of tOta |
o Chapter B3: Living together — food and .

1 hour 45 minutes
ecosystems . GCS E
. . Written paper

. Chapter B4: Using food and controlling

growth
o Chapter B5: The human body — staying alive
o Chapter B6: Life on Earth — past, present Lo

andF:‘uture ! P P Depth in biology 50(y

, 1257/04 0
. Chapter B7: Ideas about Science
. Chapter B8: Practical Skills 90 marks Of tOtal
1 hour 45 minutes
Both tent f Il eight
oth papers assess content from all eig Written paper GCS E

chapters.
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2b. Content of GCSE (9-1) in Biology B (Twenty First Century Science) (J257)

Layout of specification content

define the requirements for assessment and any
contexts given in the narrative may also be assessed.

The specification content is divided into eight

chapters. The first six chapters describe the science

content to be taught and assessed. The seventh

chapter describes the Ideas about Science that
should be taught, and will be assessed in contexts
taken from any of the preceding chapters. The Ideas
about Science cover the requirements of Working

Scientifically. The final chapter describes the

requirements for practical skills.

In the specification, the content that is assessable is
presented in two columns: the teaching and learning
narrative and the assessable learning outcomes.

The narrative summarises the science story and

Within each chapter:

An overview summarises the science ideas included in
the chapter, explaining why these ideas are relevant to
learners living in the twenty first century and why it is
desirable for learners to understand them.

Following the overview is a summary of the knowledge
and understanding that learners should have gained

provides context for the assessable learning

outcomes thereby supporting the teaching of the
specification. The assessable learning outcomes

that follow:

Teaching and learning
narrative

Assessable learning outcomes

The teaching and learning
narrative summarises the
science story, including
relevant Ideas about Science
to provide contexts for the
assessable learning outcomes.
The narrative is intended to
support teaching and learning.
The requirements for
assessment are defined by the
assessable learning outcomes
and any contexts given in the
narrative may also be
assessed.

The assessable learning outcomes

set out the level of knowledge and
understanding that learners are expected
to demonstrate. The statements give
guidance on the breadth and depth of
learning.

Emboldened statements will only be
assessed in Higher Tier papers.

The mathematical requirements in
Appendix 5d are referenced by the prefix
M to link the mathematical skills required
to the areas of biology content where
those mathematical skills could be linked
to learning.

Opportunities for carrying out practical
activities are indicated throughout the
specification and are referenced as PAG1
to PAGS8 (Practical Activity Group, see
Chapter 8).

® Aavisory notes clarify the depth of
cover required.

from study at Key Stages 1 to 3. Some of these ideas
are repeated in the content of the specification and
while this material need not be retaught, it can be
drawn upon to develop ideas at GCSE (9-1).

Learning at GCSE (9-1) is described in the tables

Linked learning
opportunities

The linked learning
opportunities suggest ways
to develop I/deas about
Science and practical skills in
context, and also highlight
links to ideas in other
chapters.

Note, however, that Ideas
about Science and practical
skills may be taught, and

will be assessed, in any
context.

Version 3.3 © OCR 2024
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The Assessment Objectives in Section 3b make clear
the range of ways in which learners will be required
to demonstrate their knowledge and understanding

Biology key ideas

in the assessments, and the Sample Assessment
Materials (provided on the OCR website at

www.ocr.org.uk) provide examples.

Biology is the science of living organisms (including
animals, plants, fungi and microorganisms) and their
interactions with each other and the environment.
The study of biology involves collecting and
interpreting information about the natural world to
identify patterns and relate possible cause and effect.
Biological information is used to help humans
improve their own lives and strive to create a
sustainable world for future generations.

Learners should be helped to understand how,
through the ideas of biology, the complex and diverse
phenomena of the natural world can be described in
terms of a small number of key ideas which are of
universal application, and which include:

o life processes depend on molecules whose
structure is related to their function

o the fundamental units of living organisms are
cells, which may be part of highly adapted
structures including tissues, organs and organ
systems, enabling living processes to be
performed effectively

o living organisms may form populations of single
species, communities of many species and
ecosystems, interacting with each other, with

the environment and with humans in many
different ways

living organisms are interdependent and show
adaptations to their environment

life on Earth is dependent on photosynthesis in
which green plants and algae trap light from
the Sun to fix carbon dioxide and combine it
with hydrogen from water to make organic
compounds and oxygen

organic compounds are used as fuels in
cellular respiration to allow the other chemical
reactions necessary for life

the chemicals in ecosystems are continually
cycling through the natural world

the characteristics of a living organism are
influenced by its genome and its interaction
with the environment

evolution occurs by a process of natural
selection and accounts both for biodiversity
and how organisms are all related to varying
degrees.
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A summary of the content for the GCSE (9-1) Biology B (Twenty First Century Science) course is as follows:

Chapter B1: You and your genes

Chapter B2: Keeping healthy

Chapter B3: Living together —
food and ecosystems

B1.1 Whatis the genome and what does it What are the causes of disease? B3.1 What happens during photosynthesis?
do? How do organisms protect themselves against B3.2 How do producers get the substances

B1.2 How is genetic information inherited? pathogens? they need?

B1.3 How can and should gene technology be How can we prevent the spread of infections? B3.3 How are organisms in an ecosystem
used? How can we identify the cause of an infection? (separate interdependent?

B4.1

B4.2

Chapter B4: Using food and
controlling growth

What happens during cellular
respiration?

How do we know about mitochondria
and other cell structures?

science only)

How can lifestyle, genes and the environment affect my
health?

How can we treat disease?

Chapter B5: The human body — staying alive

How do substances get into, out of and around our
bodies?

How does the nervous system help us respond to
changes?

B3.4 How are populations affected by
conditions in an ecosystem?

Chapter B6: Life on Earth —
past, present and future

B6.1 How was the theory of evolution
developed?

B6.2 How do sexual and asexual reproduction
affect evolution? (separate science only)

(92uaras Ainjua) 1sa14 Ayuamy ) g ASojoig ul (1-6) 3509
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B4.3 How do organisms grow and develop? How do hormones control responses in the human body? | B6.3 How does our understanding of biology
B4.4 How is plant growth controlled? B5.4 Why do we need to maintain a constant internal help us classify the diversity of organisms
(separate science only) environment? on Earth?
B4.5 Should we use stem cells to treat B5.5 What role do hormones play in human reproduction? B6.4 How is biodiversity threatened and how
damage and disease? B5.6 What can happen when organs and control systems stop can we protect it?
working?

Chapter B7: Ideas about Science

laS1 What needs to be considered when investigating a phenomenon scientifically?
[aS2 What conclusions can we make from data?

laS3 How are scientific explanations developed?

la54 How do science and technology impact society?

Chapter B8: Practical Skills




2c. Content of chapters B1 to B8

Chapter B1: You and your genes

Overview

The inheritance of genetic information from each
generation to the next is a fundamental idea in
science; it can help us answer questions about why
we look the way we do, and build a foundation for
later exploration of ideas about genetic diseases,
cell division and growth, and evolution.

Topic B1.1 explores basic concepts of the genome
and how it affects an organism’s characteristics,
through ideas about DNA and genes as the units of
genetic information, the link between genes and
proteins, and how the interaction between genes
and the environment affects how an individual

looks, develops and functions. Topic B1.2 explores
inheritance by considering the effects of
dominant and recessive alleles, the inheritance

of characteristics, the principles of inheritance

of single-gene characteristics and how sex is
determined.

Understanding of the genome and emerging gene
technologies are at the cutting edge of science, and
they promise powerful applications to benefit present
and future generations. But they also present ethical
issues for individuals and society. Topic B1.3 explores
some of the ideas people use to make decisions
about applications of gene technology including
genetic testing and genetic engineering.

Learning about genes and inheritance before GCSE (9-1)

From study at Key Stages 1 to 3 learners should:

o know that living things produce offspring of the
same kind, but normally offspring vary and are
not identical to their parents

o know that heredity is the process by which
genetic information is transmitted from one
generation to the next

o know that genetic information is stored in the
nucleus
Tiering

. understand a simple model of chromosomes,

genes and DNA

know about the part played by Watson, Crick,

Wilkins and Franklin in the development of the

DNA model

know about sexual reproduction in animals,

including the role of gametes and the process

of fertilisation

o know about sexual and asexual reproduction in
plants, including flower structures and the
processes of pollination and fertilisation.

Statements shown in bold type will only be tested in
the Higher Tier papers.

All other statements will be assessed in both
Foundation and Higher Tier papers.
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Learning about genes and inheritance at GCSE (9-1)

B1.1 What is the genome and what does it do?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

All organisms contain genetic material. Genetic material
contains instructions that control how cells and organisms
develop and function. Most of an organism’s characteristics
depend on these instructions and are modified by interaction
with the environment.

Genetic material in plant and animal cells is located in the
nucleus, one of the main sub-cellular structures. In organisms
whose cells do not have a nucleus (e.g. bacteria) the genetic
material is located in the cytoplasm.

All the genetic material of a cell is the organism’s genome. In
most organisms the genome is packaged into chromosomes.
Chromosomes are long molecules of DNA. Genes are sections
of this DNA.

The two chromosomes in a pair each carry the same genes.
The two versions of each gene in the pair are called alleles,
and can be the same or different. A different version of a gene
is a genetic variant. The genotype of an organism is the
combination of alleles it has for each gene; the phenotype is
the characteristic that results from this combination and
interaction with the environment. Genes tell a cell how to
make proteins by joining together amino acids in a particular
order.

1.

a) explain how the nucleus and genetic material of eukaryotic
cells (plants and animals) and the genetic material,
including plasmids, of prokaryotic cells are related to cell
functions

b) describe how to use a light microscope to observe a variety
of plant and animal cells
PAG1

describe the genome as the entire genetic material of an
organism

describe DNA as a polymer made up of nucleotides, forming
two strands in a double helix

In the cells of plants and animals, chromosomes occur in pairs.

describe simply how the genome and its interaction with the
environment influence the development of the phenotype of
an organism, including the idea that most characteristics
depend on instructions in the genome and are modified by
interaction of the organism with its environment

® Learners are not expected to describe epigenetic effects

explain the terms chromosome, gene, allele, variant, genotype
and phenotype

explain the importance of amino acids in the synthesis of
proteins, including the genome as instructions for the
polymerisation of amino acids to make proteins

Linked learning
opportunities

Practical work:

e use a microscope
to look at a variety
of plant and
animal cells
extract DNA from
plant tissue

Specification links:

e principles of
polymerisation,
and DNA and
proteins as
examples of
polymers (C4.2)
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B1.1 What is the genome and what does it do?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

Some sections of DNA do not code for a protein, but they
control whether particular genes are expressed, and
therefore whether particular proteins are made. Thus,
mutations in these sections can also affect phenotype by
altering gene expression.

DNA is a polymer in which the monomers are nucleotides. 7. describe DNA as a polymer made from four different
Each nucleotide includes one of four different bases (adenine, nucleotides, each nucleotide consisting of a common sugar and
thymine, cytosine or guanine). phosphate group with one of four different bases attached to
The order of bases in a genome is the genetic code. The the suge;r ) |
genetic code is modelled using letters (A, T, C, G) to represent (separate science only)
the bases (1aS3). The order (sequence) of bases in a gene is 8. explain simply how the sequence of bases in DNA codes for
the code for protein synthesis. the proteins made in protein synthesis, including the idea that
Each set of three nucleotides is the code for an amino acid. each set of t.hree nu;:leotldes is the code for an amino acid
The properties of the protein that is made depend on which (separate science only)
amino acids are present and their order. 9. recall a simple description of protein synthesis, in which:
* acopy of a gene is made from messenger RNA (mRNA)
¢ the mRNA travels to a ribosome in the cytoplasm
¢ the ribosome joins amino acids together in an order
determined by the mRNA
® Learners are not expected to recall details of transcription
and translation
(separate science only)
The order of bases in DNA can be changed if one or more 10. recall that all genetic variants arise from mutations
nucleotides is deleted, inserted or substituted for a different (separate science only)
nucleotide; these are mutations, and create genetic variants. 11. describe how genetic variants in coding DNA may influence
If the sequence of bases in a gene is changed by mutation, a phenotype by altering the activity of a protein
protein made from it may function differently or not at all, (separate science only)
though in some cases, the mutation won’t have any effect. 12. describe how genetic variants in non-coding DNA may

influence phenotype by altering how genes are expressed
(separate science only)

Linked learning
opportunities

Ideas about Science:

e using letters to
model the genetic
code (laS3)
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B1.2 How is genetic information inherited?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

genes located on sex chromosomes; specifically, genes on the
Y chromosome trigger the development of testes.

During sexual reproduction, each offspring inherits two 1. explain the terms gamete, homozygous, heterozygous,
alleles of each gene; one allele from each gamete. The two dominant and recessive
alleles can be two ?oples of th'e same genetic variant . 2. explain single gene inheritance, including dominant and
(homozygous) or different variants (heterozygous). A variant . .

) ) e recessive alleles and use of genetic diagrams
can be dominant or recessive, and the combination of alleles
determines what effect the gene has. 3. predict the results of single gene crosses
Genetic diagrams such as family trees and Punnett squares 4, use direct proportions and simple ratios in genetic crosses
can be used to model and predict outcomes of the Milc
inheritance of characteristics that are'dt?termlned by a single 5. use the concept of probability in predicting the outcome of
gene (laS3). However, most characteristics depend on the genetic crosses
instructions in multiple genes and other parts of the genome. M2e
Principles of |nherltance of (Ismglefene) characterls;ucs Yvere 6. recall that most phenotypic features are the result of
demonstrated in ideas devrfz oped by Gregor.Mehde » UsIng multiple genes rather than single gene inheritance
pea plants. Mendel’s work illustrates how scientists develop
explanations that account for data they have collected (1aS3). © Learners are not expected to describe epistasis and its
Our understanding of genetics has developed greatly since effects
Mendel did his work; we now know that most 7.  describe the development of our understanding of
characteristics depend upon interactions between genetic genetics including the work of Mendel and the modern-
variants in multiple parts of the genome. Today, scientists day use of genome sequencing
sequence whole genomes to investigate how genetic (separate science only)
variants influence an organism’s characteristics.
A human individual’s sex is determined by the inheritance of | 8. describe sex determination in humans

Linked learning
opportunities

Practical work:

e microscopy of pollen
tubes on agar (nuclei
visible under high power)

Ideas about Science:

e use genetic diagrams
(e.g. family trees and
Punnett squares) to
model and predict
outcomes of single gene
inheritance (1aS3)
distinguish data from
explanatory ideas in an
account of Mendel’s
work, and explain how
Mendel’s explanations
accounted for the data
he collected (1aS3)
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B1.3 How can and should gene technology be used?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

Comparing the genomes of individuals with and without a disease
can help to identify alleles associated with the disease. Once
identified, we can test for these alleles in adults, children, fetuses
and embryos, to investigate their risk of developing certain
diseases. We can also assess the risk of adults passing these
alleles to their offspring (including the identification of ‘carriers’ of
recessive alleles). Genetic testing can also help doctors to
prescribe the correct drugs to a patient (‘personalised medicine’),
by testing for alleles that affect how drugs will work in their body.

Another application of gene technology is genetic engineering,

in which the genome is modified to change an organism’s
characteristics. Genetic engineering has been used to introduce
characteristics into organisms such as bacteria and plants that are
useful to humans.

Gene technology could help us provide for the needs of society
by improving healthcare and producing food for the growing
population. But with genetic testing we must also consider how
the results will be used and by whom, and the risks of false
positives/negatives and miscarriage (when sampling amniotic
fluid). With genetic engineering there are concerns about the
spread of inserted genes to other organisms, the need for long-
term studies to check for adverse reactions, and moral concerns
about modifying genomes (1aS4).

1. discuss the potential importance for medicine of our
increasing understanding of the human genome,
including the discovery of alleles associated with
diseases and the genetic testing of individuals to
inform family planning and healthcare

2. describe genetic engineering as a process which
involves modifying the genome of an organism to
introduce desirable characteristics

3. describe the main steps in the process of genetic
engineering

including:

¢ isolating and replicating the required gene(s)

e putting the gene(s) into a vector (e.g. a plasmid)
¢ using the vector to insert the gene(s) into cells

¢ selecting modified cells

4. explain some of the possible benefits and risks,
including practical and ethical considerations, of using
gene technology in modern agriculture and medicine

Linked learning
opportunities

Specification links:

the involvement of
genetic and other

risk factors in the
development of
diseases such as
cardiovascular disease,
cancer and type 2
diabetes (B2.5)

how can we treat
disease? (B2.6)

Ideas about Science:

genetic testing and
genetic engineering as
applications of science
that have made a
positive difference to
people’s lives (1aS4)
discuss risks, benefits,
ethical issues and
regulation associated
with gene technology
(1as4)




Chapter B2: Keeping healthy

Overview

Issues of risk, ethics and social responsibility related
to disease prevention and treatment in humans and
plants are often in the news. Understanding the

science of health and disease enables us to consider
the issues critically, and to explore possible answers.

In Topic B2.1, learners explore how different
pathogens are spread and cause disease, with
reference to some common communicable diseases
of humans and plants, then in Topic B2.2 they
consider how the immune system in humans and
plants protects against infection.

Topic B2.3 looks at ways in which individuals and
society can reduce the spread of diseases, linked to

issues of risk and decision making, for example with
regard to vaccination.

Topic B2.4 develops understanding of ways in which
diseases can be identified in the lab and in the field,
and how new technologies offer the potential to
improve lives.

In Topics B2.4 and B2.5, the way that lifestyle,
environmental and genetic factors affect the

risk of developing non-communicable diseases is
explored, with reference to ideas about health
studies, sampling, correlation and cause. Finally,
learners learn about ways of treating diseases

in Topics B2.5 and B2.6 and explore issues related to
the development and testing of new medicines.

Learning about health and disease before GCSE (9-1)

From study at Key Stages 1 to 3 learners should:

J appreciate that good hygiene helps humans
keep healthy
o be able to identify and name the main parts of

the human circulatory system, and describe the
functions of the heart, blood vessels and blood

. appreciate the importance of bacteria in the
human digestive system
. know that animals, including humans, need the

right types and amount of nutrition, and that a

Tiering

healthy human diet includes carbohydrates,
lipids (fats and oils), proteins, vitamins,
minerals, dietary fibre and water

. recall some of the consequences of imbalances
in the diet, including obesity, starvation and
deficiency diseases

o recognise the impact of diet, exercise, drugs
and lifestyle on the way their bodies function
. recall some of the effects of recreational drugs

(including substance misuse) on behaviour,
health and life processes.

Statements shown in bold type will only be tested in
the Higher Tier papers.

All other statements will be assessed in both
Foundation and Higher Tier papers.
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Learning about health and disease at GCSE (9-1)

B2.1 What are the causes of disease?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

The health of most organisms will be compromised by disease
during their lifetime. Physical and mental health can be
compromised by disease caused by infection by a pathogen, an
organism’s genes, environment or lifestyle, or trauma. Disease
damages host cells and impairs functions, causing symptoms.
However, an unhealthy organism may not always show symptoms of
disease, particularly during the ‘incubation period’ after infection
with a pathogen.

Some diseases are communicable: they are caused by infection with
pathogenic bacteria, viruses, protists and fungi, and can be spread
from organism to organism in bodily fluids, on surfaces, and in food
and water. Other diseases are non-communicable: they are not
caused by infection but are associated with genetic, environmental
and lifestyle factors.

Some common diseases illustrate different types of pathogen and
common routes of spread and infection, including:

In humans: influenza (viral), Salmonella food poisoning (bacterial),
Athlete’s foot (fungal), malaria (protist) and HIV (viral STI).

In plants: tobacco mosaic virus (viral), ash dieback (fungal) and
crown gall disease (bacterial).

1. describe the relationship between health and disease

2. describe different types of diseases (including
communicable and non-communicable diseases)

3. explain how communicable diseases (caused by
viruses, bacteria, protists and fungi) are spread in
animals and plants

4. describe common human infections including influenza
(viral), Salmonella (bacterial), Athlete’s foot (fungal)
and malaria (protist) and sexually transmitted
infections in humans including HIV/AIDS (viral)

5. describe plant diseases including tobacco mosaic virus

(viral), ash dieback (fungal) and crown gall disease
(bacterial)

Linked learning
opportunities

Practical work:

e model the spread of
infection using liquids
(where one is
‘infected” with an
invisible chemical that
can be detected
experimentally)
culture and
microscopy of swabs
from different
surfaces
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B2.2 How do organisms protect themselves against pathogens?

Teaching and learning narrative Assessable learning outcomes Linked learning
Learners will be required to: opportunities

Humans have physical, chemical and bacterial defences that make it | 1. describe non-specific defence systems of the human
difficult for pathogens to enter the blood. These include the skin body against pathogens, including examples of
and mucus, stomach acid, saliva, tears, and bacteria in the gut. physical, chemical and microbial defences
PIate[ets help to seal wounds to reduce the chance of pathogens 5 explain how platelets are adapted to their function in
entering the blood.

the blood
These defences arej ?Iways present, and are not produced in 3. describe physical plant defences, including leaf cuticle
response to a specific pathogen.

and cell wall
Plants have physical defences against pathogens, including the leaf (separate science only)
cuticle and cell wall.
The immune system of the human body works to protect us against | 4. explain the role of the immune system of the human
disease caused by pathogens. body in defence against disease
White blood cells destroy pathogens. White blood cells have
receptors that recognise antigens on pathogens, to distinguish 5. explain how white blood cells are adapted to their
between non-self and self. Different types of white blood cell are functions in the blood, including what they do and how
adapted to either ingest and digest pathogens, or produce it helps protect against disease
antibodies to disable them or tag them for attack by other white
blood cells. An antibody is specific for (only recognises) a particular
antigen. Once the body has made antibodies against a pathogen,
memory cells stay in the body to make antibodies quickly upon
re-infection (immunity).
Plants do not have circulating immune cells or produce antibodies, 6. describe chemical plant defence responses, including
but they have a simple immune system that protects them against antimicrobial substances
pathogens. For example, plants can make antimicrobial substances (separate science only)
in response to pathogens. The ability of plants to protect
themselves against pathogens is important in human food security.
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B2.3 How can we prevent the spread of infections?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

Reducing and preventing the spread of communicable diseases in
animals and plants helps prevent loss of life, destruction of habitats
and loss of food sources. For plants, strategies include regulating the
movement of plant material, sourcing healthy plants and seeds,
destroying infected plants, polyculture, crop rotation, and chemical
and biological control. For animals, including humans, strategies
include vaccination (to establish immunity), contraception, hygiene,
sanitation, sterilising wounds, restricting travel, and destruction of
infected animals.

The likely effectiveness, benefits, risks and cost of each strategy
must be considered, and an individual’s right to decide balanced
with what is best for society (1aS4).

1. explain how the spread of communicable diseases may
be reduced or prevented in animals and plants, to
include a minimum of one common human infection,
one plant disease and sexually transmitted infections in
humans including HIV/AIDS

2. explain the use of vaccines in the prevention of
disease, including the use of safe forms of pathogens
and the need to vaccinate a large proportion of the
population

Linked learning
opportunities

Practical work:

* investigate microbial
growth on different
foods and surfaces in
different conditions.

Ideas about Science:

e discuss risk and
decision making in
the context of disease
prevention (laS4)
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B2.4 How can we identify the cause of an infection? (separate science only)

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

In order to decide upon a course of treatment for a 1. a) describe ways in which diseases, including plant diseases,
communicable disease, it is important to identify the disease can be detected and identified, in the lab and in the field
and the pathogen causing it. There are standard ways to do b) describe how to use a light microscope to observe
this, including observing symptoms and taking samples of microorganisms
tissue or body fluid for cell counting, culture, microscopy, PAG1
stalr‘n‘ng, t,es““g with antllmlcro‘blals, and genome f;\naIYS|s. In 2. describe and explain the aseptic techniques used in culturing
addition, isolation and reinfection can be used to identify organisms
plant pathogens. Correct identification relies on use of PAGT
aseptic techniques to avoid contamination of samples.
3. calculate cross-sectional areas of bacterial cultures and of clear
zones around antibiotic discs on agar jelly using mr?
M5c
PAG7
Monoclonal antibodies can be produced in the laboratory, 4, describe how monoclonal antibodies are produced
using cultured clones of a white blood cell to produce . . . .
antibodies against a particular antigen. All the antibodies |nclud|r.|g th.e follow[ng steps: .
) ] ¢ antigen injected into an animal
produced by the clones recognise the same antigen. « antibody-producing cells taken from animal
New technologies using monoclonal antibodies are ¢ cells producing the correct antibody selected then
providing diagnostic tests (e.g. for diseases) with greater cultured
sensitivity and specificity. These tests give faster and more 5. describe some of the ways in which monoclonal antibodies

accurate results, which enables decisions (e.g. about
treatment) to be made more quickly and based on more
accurate information (1aS4).

can be used in diagnostic tests

Linked learning
opportunities

Practical work:

investigate the
effect of antibiotic
discs on growth of
microorganisms on
agar plates
practice aseptic
techniques

Ideas about Science:

use of monoclonal
antibodies as a
technological
application of
science that could
make a significant
differences to
people’s lives (1aS4)
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B2.5 How can lifestyle, genes and the environment affect health?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

Whether or not a person develops a non- 1. a) describe how the interaction of genetic and lifestyle factors can
communicable disease depends on many factors, increase or decrease the risk of developing non-communicable
including the genetic variants they inherited, their human diseases, including cardiovascular diseases, many forms
environment and aspects of their lifestyle. The of cancer, some lung and liver diseases and diseases influenced
interaction of genetic and lifestyle factors can by nutrition, including type 2 diabetes
increase or decrease the risk. b) describe how to practically investigate the effect of exercise on
pulse rate and recovery rate
PAG6
2. use given data to explain the incidence of non-communicable
diseases at local, national and global levels with reference to lifestyle
factors, including exercise, diet, alcohol and smoking
3. in the context of data related to the causes, spread, effects and
treatment of disease:
a) translate information between graphical and numerical forms
M4a
b) construct and interpret frequency tables and diagrams, bar
charts and histograms
M4a, M4c
¢) understand the principles of sampling as applied to scientific data
M2d
d) use a scatter diagram to identify a correlation between two
variables
M2g
Different types of disease can interact, such as when | 4. describe interactions between different types of disease

having a disease increases or decreases the risk of
developing or contracting another.

Linked learning
opportunities

Specification links:

e what causes cancer
(B4.3)

e diseases caused by
genes (B1.3)

Practical work:

¢ investigate the
amounts of fat and
sugar in foods/drinks
measure blood
pressure, recovery rate

Ideas about Science:

e discuss correlation,
cause and risk in the
context of non-
communicable
diseases (1aS3, 1aS4)
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B2.6 How can we treat disease?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

suggest targets for new medicines. Large libraries of substances are
screened for their ability to affect a target. It is unlikely that a perfect
medicine will be found during screening, but substances are selected
for modification and further tests.

All new medicines have to be tested before they are made widely
available. Preclinical testing, for safety and effectiveness, uses
cultured human cells and animals. Clinical testing uses healthy
human volunteers to test for safety, and humans with the disease to
test for safety and effectiveness. ‘Open-label’, ‘blind’ and ‘double-
blind’ trials can be used. There are ethical questions around using
placebos in tests on people with a disease (1aS4).

Humans have developed medicines that can control or eliminate the | 1. explain the use of medicines, including antibiotics, in

cause of some diseases and/or reduce the length or severity of the treatment of disease

symptoms. Antlblqt'Fs jdre becommg Iess‘effectlve due to the 2. calculate cross-sectional areas of bacterial cultures

appearance of antibiotic-resistant bacteria. G .
and of clear zones around antibiotic discs on agar jelly

For non-communicable diseases such as cardiovascular diseases, using mr?

strategies that lower the risk of developing the disease have benefits M5c

compared to treatments administered later. PAG7

Many factors need to be considered when prescribing treatments, 3. evaluate some different treatments for cardiovascular

including the likely effectiveness, risk of adverse reactions and the disease, including lifestyle changes, medicines and

costs and benefits to the patient and others (1aS4). surgery

Studying the genomes and proteins of pathogens and host cells can 4, describe the process of discovery and development of

potential new medicines including preclinical and
clinical testing

Linked learning
opportunities

Specification links:

e ‘personalised
medicine’ (B1.3)
antibiotic resistance
in microorganisms
(B6.1)

Ideas about Science:

e risk and decision
making in the context
of medicines and

treatment (1aS4)

Ideas about Science:

e ethics in the context
of using placebos in
clinical testing of new
medicines (l1aS4)
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B2.6 How can we treat disease?

Some traditional treatments (e.g. radiotherapy and chemotherapy
for cancer) cause adverse reactions. New technologies are enabling
us to develop treatments that are more effective and have a lower
risk of adverse reactions. For example, the specificity of
monoclonal antibodies can be used to target cancer cells without
damaging normal host cells.

describe how monoclonal antibodies can be used to
treat cancer

including:

¢ produce monoclonal antibodies specific to a
cancer cell antigen

¢ inject the antibodies into the blood

¢ the antibodies bind to cancer cells, tagging them
for attack by white blood cells

¢ the antibodies can also be attached to a
radioactive or toxic substance to deliver it to
cancer cells
(separate science only)

Ideas about Science:

use of monoclonal
antibodies as a
technological
application of science
that could make a

difference to people’s
lives (1aS4)




Chapter B3: Living together — food and ecosystems

Overview

All living organisms depend on the ability of
photosynthetic organisms to synthesise glucose
from carbon dioxide and water in the presence
of light, and on feeding relationships to transfer
biomass through communities.

From study at earlier Key Stages, learners will be
familiar with the reactants and products of
photosynthesis, and the need for light in the
process. In Topics B3.1 and B3.2 the context

of photosynthesis is used to explore several

fundamental concepts in biology, including enzyme
action and the movement of substances by diffusion,
osmosis and active transport.

Learners expand their knowledge of the
interdependencies between organisms within
ecosystems in Topic B3.3, through understanding
of food webs, competition for resources, and the
cycling of substances.

Finally, Topic B3.4 considers the effects that
environmental changes and human activities can
have on interacting populations within ecosystems.

Learning about food and ecosystems before GCSE (9-1)

From study at Key Stages 1 to 3 learners should:

o understand the similarities and differences
between plant and animal cells

o know that some organisms make their own
food using photosynthesis

o know that photosynthesis in plant cells occurs
in the chloroplasts

. know the reactants in, and products of,
photosynthesis, and be able to write a word
summary

o know that photosynthesis requires light

. be familiar with the adaptations of leaves for
photosynthesis, and the role of stomata in gas
exchange

. know that water and minerals enter a plant
through the roots

o know that molecules of a solute move through
solvent, and through cell membranes, by
diffusion

Tiering

. know that animals obtain their food
from plants (and other animals that ate
plants)
o understand the difference between carnivores,

herbivores and omnivores, and between
producers and consumers

o know that individuals of the same type living in
the same place make up a population, and that
all the interacting populations in an ecosystem
make up the community

o understand the use of food chains and food
webs as models of the feeding relationships
within a community

o appreciate the interdependence of organisms
in a community, including food webs, the
breakdown and cycling of substances, and
animals as pollinators

o know that changes in an ecosystem can affect
the survival of individuals and populations.

Statements shown in bold type will only be tested
in the Higher Tier papers. All other statements

will be assessed in both Foundation and Higher
Tier papers.
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Learning about food and ecosystems at GCSE (9-1)

B3.1 What happens during photosynthesis?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

Producers make glucose using photosynthesis. Some of the
glucose is used as the fuel for cellular respiration, some is
converted into starch and then stored, and the rest is used to
make lipids, proteins and other carbohydrates for growth.

Photosynthesis involves many chemical reactions, but can be
summarised in two main stages. The first stage requires light
and chlorophyll (located in chloroplasts in plant cells) to split
water molecules into hydrogen and oxygen. The hydrogen is
transferred to the second stage, but the oxygen is released
into the atmosphere as a waste product. The second stage
combines carbon dioxide with hydrogen to make glucose.

1. a) describe the process of photosynthesis, including the

inputs and outputs of the two mains stages and the

requirement of light in the first stage, and describe

photosynthesis as an endothermic process

b) describe practical investigations into the requirements
and products of photosynthesis

PAG5

2. explain how chloroplasts in plant cells are related to
photosynthesis

The reactions in photosynthesis and many other biological
processes are catalysed by enzymes.

The lock and key model can be used to explain enzyme action.
It can also be used to make predictions about the effect on the
rate of enzyme-catalysed reactions when the substrate
concentration, temperature and pH are changed (1aS3).

explain the mechanism of enzyme action including the
active site, enzyme specificity and factors affecting the
rate of enzyme-catalysed reactions, including substrate
concentration, temperature and pH

b) describe practical investigations into the effect of
substrate concentration, temperature and pH on the
rate of enzyme controlled reactions

M2b, M2f, M4a, M4b, M4c

PAG4

Linked learning
opportunities

Practical work:

on a whole plant,
wrap one leaf in foil,
and enclose another
leaf in a conical flask
with a small amount
of KOH (to remove
CO,); after 24h, test
leaves for starch

Practical work:

investigate effects
of substrate
concentration,
temperature and pH
on enzyme activity

Ideas about Science:

lock and key model to
explain and make
predictions about
enzyme activity (laS3)
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B3.1 What happens during photosynthesis?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

Understanding of how factors affect enzyme activity helps to
explain the effects of temperature and carbon dioxide
concentration on the rate of photosynthesis. The effect of
light intensity is explained by the need for light to bring about
reactions in photosynthesis. Light intensity is inversely
proportional to the square of the distance from the light
source (the inverse square law); this helps us explain why the
rate of photosynthesis changes in the way that it does with
distance from a point light source.

4, a) explain the effect of temperature, light intensity and
carbon dioxide concentration on the rate of
photosynthesis

b) describe practical investigations into the effect of
environmental factors on the rate of photosynthesis
PAG5

5. use the inverse square law to explain changes in the rate of
photosynthesis with distance from a light source

6. explain the interaction of temperature, light intensity and
carbon dioxide concentration in limiting the rate of
photosynthesis, and use graphs depicting the effects

7. in the context of the rate of photosynthesis:

a) understand and use simple compound measures such as
the rate of a reaction
M1la, M1c

b) translate information between graphical and numerical
form
M4a

c) plot and draw appropriate graphs selecting appropriate
scales for axes
M4a, M4c

d) extract and interpret information from graphs, charts
and tables
M2c

Linked learning
opportunities

Practical work:

e investigate rate of
photosynthesis by
collecting gas or
counting bubbles
from pondweed
use a datalogger to
measure oxygen
concentration, pH,
temperature and light
intensity over 24h for

pondweed
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B3.2 How do producers get the substances they need?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

The ways in which photosynthetic organisms
take in carbon dioxide and water for
photosynthesis, and release the waste product
oxygen, illustrate the principles of diffusion
and osmosis. Generally, molecules move from
a region of their higher concentration to a
region of their lower concentration; the
difference in concentration drives a change
towards equal concentration. Carbon dioxide
and oxygen molecules move by diffusion,
through cell membranes in single-cellular
(prokaryotic) producers, and through stomata
and cell membranes in plants. Water
molecules move by osmosis through cell
membranes; projections from root cells (“root
hairs”) of plants increase the surface area for
0SMosis.

The way in which photosynthetic organisms
take in nitrogen (to make proteins) illustrates
the process of active transport. Producers get
nitrogen from nitrate ions (NO,"). Molecules of
water and gases can diffuse through partially-
permeable cell membranes but nitrate ions
cannot; producers use energy from molecules
of ATP to transport nitrate ions through the
cell membrane by active transport.

1. describe some of the substances transported into and out of
photosynthetic organisms in terms of the requirements of those organisms,
including oxygen, carbon dioxide, water and mineral ions

2. a) explain how substances are transported into and out of cells through
diffusion, osmosis and active transport
b) describe practical investigations into the processes of diffusion and
osmosis
PAG8
® Learners are not expected to explain osmosis in terms of water

potential

3. explain how the partially-permeable cell membranes of plant cells and
prokaryotic cells are related to diffusion, osmosis and active transport

4, explain how water and mineral ions are taken up by plants, relating the
structure of the root hair cells to their function

Linked learning
opportunities

Practical work:

investigate diffusion
using drops of ink in
water and in agar in
Petri dishes on graph
paper

investigate diffusion
across a partially
permeable membrane
using starch
suspension in dialysis
tubing in a beaker of
water; compare adding
idione solution inside
versus outside the
tubing

investigate the effect
of solute concentration
on 0SmMosis using
potato cylinders in
sugar solution




9¢

(92uaras Ainjua) 1sa14 Ayuamy ) g ASojoig ul (1-6) 3509

20T ¥J0 @ €°€ UOISIaA

B3.2 How do producers get the substances they need?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

Plants do not have blood to transport
substances around the organism; they have
transport vessels formed from xylem and
phloem.

Water and ions (e.g. nitrate) in aqueous
solution are moved through xylem from the
roots and up the stem/trunk by transpiration,
to replace water that evaporates from the
plant surface and diffuses out of open
stomata.

Sugars are moved through phloem from
photosynthetic to non-photosynthetic tissues
by translocation. Sugars are loaded into
phloem by active transport, then water moves
into the concentrated solution by osmosis and
pushes the substances along the tube.

The rate of water uptake by a plant can be
affected by environmental factors. Light
intensity and temperature affect the rate of
photosynthesis (and therefore the demand for
water), while air movement and temperature
affect the rate of water loss from aerial parts
of the plant.

5. a) explain how the structure of the xylem and phloem are adapted to
their functions in the plant
b) describe how to use a light microscope to observe the structure of the
xylem and phloem
PAG1
6. a) describe the processes of transpiration and translocation, including the
structure and function of the stomata
b) describe how to use a light microscope to observe the structure of
stomata
PAG1
c) describe how to use a simple potometer
PAG6
@ Learners are not expected to describe transpiration in terms of tension or
pressure, and are not expected to describe translocation in terms of water
potential or hydrostatic pressure
7. a) explain the effect of a variety of environmental factors on the rate of
water uptake by a plant, to include light intensity, air movement, and
temperature
b) describe practical investigations into the effect of environmental
factors on the rate of water uptake by a plant
PAG6
8. in the context of water uptake by plants:
a) use simple compound measures such as rate
M1la, M1c
b) carry out rate calculations
M1la, Mlc
c) plot, draw and interpret appropriate graphs
M4a, M4b, M4c, M4d
d) calculate percentage gain and loss of mass

Milc

Linked learning
opportunities

Practical work:

use eosin stain to
observe xylem in
broad bean plant stem
under hand lens and
microscope

observe stomata (paint
two thin layers of nail
varnish onto a leaf, put
clear tape over then
peel off, stick to
microscope slide)
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B3.3 How are organisms in an ecosystem interdependent?

Teaching and learning narrative Assessable learning outcomes
Learners will be required to:

Producers take in carbon and nitrogen compounds from 1. a) explainthe importance of sugars, fatty acids and glycerol,
their environment and use them (along with oxygen, and amino acids in the synthesis and breakdown of
hydrogen and other elements) to make small organic carbohydrates, lipids and proteins

molecules including sugars, fatty acids, glycerol and amino b) describe the use of qualitative tests for biological molecules
acids. These small molecules are used to make larger PAG2

organic molecules, such as long-chain carbohydrates, lipids
and proteins. The larger molecules are used to build new
structures (e.g. membranes, organelles).

2. describe photosynthetic organisms as the main producers of food
and therefore biomass for life on Earth

3. describe some of the substances transported into organisms in
terms of the requirements of those organisms, including
dissolved food molecules

Consumers can only get their supply of carbon and
nitrogen compounds by eating producers (or other
consumers that ate producers) and digesting the biomass.
This releases the small molecules so they can be absorbed 4. describe different levels of organisation in an ecosystem from
and then used to build biomass in the consumer. individual organisms to the whole ecosystem

The transfer of biomass between organisms is one way in 5. explain the importance of interdependence and competition in a
which the populations in a community are interdependent, community
and can be modelled using a food web (1a$3). The amount 6. describe the differences between the trophic levels of organisms

of biomass present at each trophic level is not shown by a
food web, but can be modelled using a pyramid of biomass
(1aS3).

within an ecosystem
(separate science only)

7. describe pyramids of biomass and explain, with examples, how
biomass is lost between the different trophic levels
(separate science only)

The size of each population in a community is limited by
predation and competition for food and other resources

including space, water, light, shelter, mates, pollinators and
seed dispersers. 8. calculate the efficiency of biomass transfers between trophic

levels and explain how this affects the number of organisms at
each trophic level

(separate science only)

Milc

Linked learning
opportunities

Practical work:

investigate the
breakdown of
starch into sugars
using amylase and
test strips

Ideas about Science:

use a food web as a
model to explain
interdependence in a
community, identify
limitations of the
model, and use it to
make predictions
about the effects
that a change in the
ecosystem could
have on the
interacting
populations (1aS3)
pyramids of biomass
as models of biomass
transfer in a food
chain (1aS3)
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B3.3 How are organisms in an ecosystem interdependent?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

Substances essential to life, including water and carbon,
cycle through the biotic and abiotic components of
ecosystems so that they can be used and reused by
organisms. Water cycles through precipitation, food chains,
transpiration, excretion, runoff, flow through streams/
rivers/oceans, and evaporation. Carbon cycles through
photosynthesis, food chains, cellular respiration,
decomposition and combustion. Decomposition is
catalysed by enzymes released by microorganisms.

Rate of decomposition is affected by environmental
factors: temperature affects enzymes and the rate of
reactions; microorganisms need water to survive and many
need oxygen for aerobic respiration. Landfill sites are often
oxygen deficient, leading to an increase in anaerobic
decomposition which produces methane — a gas with a
much greater greenhouse effect than the carbon dioxide
produced by aerobic decomposition.

9.

recall that many different substances cycle through the abiotic
and biotic components of an ecosystem, including carbon and
water

10.

explain the importance of the carbon cycle and the water cycle to

living organisms

11.

explain the role of microorganisms in the cycling of substances
through an ecosystem

12.

calculate the percentage of mass, in the context of the use and
cycling of substances in ecosystems
M1lc

13.

explain the effect of factors such as temperature and water
content on rate of decomposition in aerobic and anaerobic
environments

(separate science only)

14.

calculate rate changes in the decay of biological material
(separate science only)
Milc

Linked learning
opportunities

Practical work:

e culture
microorganisms on
starch agar, stain
with iodine solution;
clear areas beyond
cultures show
digestion by

extracellular amylase
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B3.4 How are populations affected by conditions in an ecosystem?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

The distribution and abundance of organisms in an
ecosystem depends on abiotic and biotic factors. The size
of one or more populations in a community may be
affected if the environmental conditions change, orif a
new substance, competitor, predator or pathogen is
introduced. A substance can bioaccumulate in a food chain
to toxic concentration, and some can cause eutrophication
(1aS4). A change in the size of a population will affect other
populations in the same community.

The distribution and abundance of organisms, and
changing conditions, within an ecosystem can be
investigated using techniques including: identification keys;
transects and quadrats; capture, mark, release and
recapture; sampling indicator species; and using
instruments to measure abiotic factors such as
temperature, light intensity, soil moisture and pH.

1. explain how some abiotic and biotic factors affect communities,
including environmental conditions, toxic chemicals, availability
of food and other resources, and the presence of predators and
pathogens

2. describe how to carry out a field investigation into the
distribution and abundance of organisms in an ecosystem and
explain how to determine their numbers in a given area
M2d
PAG3

3. in the context of data related to organisms within a population:

a) calculate arithmetic means
M2b, M2f

b) use fractions and percentages
Milc

c) plot and draw appropriate graphs selecting appropriate
scales for the axes
Md4a, M4c

d) extract and interpret information from charts, graphs and
tables
M2c

Linked learning
opportunities

Practical work:

e investigate the
distribution and
abundance of
organisms in an
ecosystem

Ideas about Science:

e bioaccumulation and
eutrophication as
unintended impacts
of human activity on
the environment
(1aS4)




Chapter B4: Using food and controlling growth

Overview

All living organisms depend on molecules of glucose
obtained from photosynthesis (or from biomass
obtained through food chains that start with
photosynthetic organisms). The glucose is used for
cellular respiration and in the synthesis of larger
organic molecules used for growth.

From study at earlier Key Stages, learners will be
familiar with the reactants and products of cellular
respiration. In Topic B4.1 they explore how

cellular respiration increases the amount of energy
associated with cellular energy stores, in particular
molecules of ATP that are essential for many life
processes. In Topic B4.2 they consider briefly how
we came to know what we do about organelles such
as mitochondria, using the context of electron
microscopy to illustrate the idea that some scientific

explanations were only developed once a
technological development made certain
observations possible. Topic B4.3 links growth in
multicellular organisms to the division of cells
during the cell cycle, and explores the nature of
stem cells and the role of cell differentiation. As a
development of ideas, learners consider how cancer
results from changes in DNA that cause a loss of
control of cell division.

The role of plant hormones in controlling plant
growth and environmental responses is explored in
Topic B4.4, and these ideas applied to use of these
hormones by humans to control plant growth to our
advantage.

Finally, Topics B4.4 and B4.5 explore the question
of whether stem cells should be used to regenerate
tissue and treat disease.

Learning about cellular respiration and growth before GCSE (9-1)

From study at Key Stages 1 to 3 learners should:

. be familiar with the processes of aerobic and
anaerobic respiration in living organisms, and
fermentation in microorganisms, including
word summaries of the reactions

. be able to recall the differences between
aerobic and anaerobic respiration in terms of
the reactants, products and implications for the
organism

Tiering

. be familiar with the tissues and organs of the
human digestive system, including adaptations
to function

. understand in simple terms that the human

digestive system uses chemicals (including
enzymes) to digest food

. appreciate the importance of bacteria in the
human digestive system
o know how nutrients and water are transported

within animals, including humans.

Statements shown in bold type will only be tested in
the Higher Tier papers.

All other statements will be assessed in both
Foundation and Higher Tier papers.
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Learning about cellular respiration and growth at GCSE (9-1)

B4.1 What happens during cellular respiration?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

Consumers gain biomass from other organisms when they eat
them. Some of this biomass is converted into molecules of glucose,
the fuel for cellular respiration.

Cellular respiration involves many chemical reactions and makes
molecules of ATP. It occurs in the cytoplasm and mitochondria of
animal and plant cells, and in the cytoplasm of microorganisms.
ATP is required for processes that are essential for life, including
breakdown and synthesis of molecules, active transport and muscle
contraction.

Aerobic respiration breaks down glucose and combines the
breakdown products with oxygen, making water and carbon dioxide
(a waste product).

In conditions of low or no oxygen (such as in human cells during
vigorous exercise, plant root cells in waterlogged soil and bacteria in
puncture wounds) anaerobic respiration occurs. There is a partial
breakdown of glucose, producing fewer molecules of ATP. In animal
cells and some bacteria, this produces lactic acid (a waste product).
In plants and some microorganisms, including yeast, it produces
ethanol and carbon dioxide.

1. compare the processes of aerobic and anaerobic
respiration, including conditions under which they
occur, the inputs and outputs, and comparative yields
of ATP

2. explain why cellular respiration occurs continuously in
all living cells

3. explain how mitochondria in eukaryotic cells (plants
and animals) are related to cellular respiration

4, describe cellular respiration as an exothermic process

5. a) describe practical investigations into the effect of

different substrates on the rate of respiration in
yeast
PAG5

b) carry out rate calculations for chemical reactions
in the context of cellular respiration
M1la, Mlc

Linked learning
opportunities

Practical work:

investigate the
amount of energy
released from
different foods, by
burning them under a
boiling tube of water
where:

energy (kJ) = mass of
water (kg) x change in
temperature (deg C) x
4.2 kJ/kg/deg C)
investigate respiration
in microorganisms by
collecting CO, given
off; which substrate
works best?
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B4.2 How do we know about mitochondria and other cell structures?

Teaching and learning narrative

Assessable learning outcomes
Learners will be required to:

Scientific progress often relies on technological
developments which enable new observations to be made.
The invention of the electron microscope enabled us to
observe cell organelles such as mitochondria and chloroplasts
at much higher magnification than had previously been
possible with light microscopes, and thus to develop
explanations about how their structures relate to their roles
in cellular processes (l1aS3).

1. explain how electron microscopy has increased our
understanding of sub-cellular structures

2. in the context of cells and sub-cellular structures:
a) demonstrate an understanding of number, size and
scale and the quantitative relationship between units

M2a, M2h

b) use estimations and explain when they should be used
M1d

c) calculate with numbers written in standard form
M1b

Linked learning
opportunities

Ideas about Science:

e explanations about the
roles of cell organelles
were developed from

observations that could
only be made using
electron microscopy
(1aS3)
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