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From our research, we know that it is easy for teachers to fall into the trap of going over
work that has already been covered extensively at KS4. This may be because of a feeling
that during the summer break students have forgotten what they had been taught or, if
they are from different centres, uncertainty about the standard they have reached so far.
This is where you can lose valuable teaching time and later find yourself rushed to
complete the A-level content.

To help you with planning and teaching your first few A level lessons and to save you
time, we have worked with practising teachers and examiners to develop these valuable,
focussed transition materials. These will help you reinforce key concepts from KS4 and
KS5 and guide your students’ progression.

These transition materials include:

e mapping of the 9 to 1 KS4 Edexcel GCSE(s) to the Edexcel A level Biology
specifications

e baseline assessment
e summary sheets

e student worksheets
e practice questions.

The mapping of content and skills from KS4 to KS5 should enable you to streamline your
teaching and move on to the KS5 content within the first two weeks of term.

This will serve two purposes.

1 Learners will feel they are learning something new and will not get bored with over-
repetition — particularly true for your most able learners.

2 Learners will be able to discover very early on in the course whether A level Biology is
really a suitable subject choice for them.

You may choose to use this resource in one of several ways.

e After KS4 exams - if your school brings back Year 11 learners after their exams.
e In sixth-form induction weeks.

e As summer homework in preparation for sixth form.

e To establish the level of performance of your students from their range of KS4
qualifications.
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Topic

Section A
Cells

Section B
Molecules

Specification links
Cell structure: 1.1 - 1.2

Microscopy: 1.3 - 1.4, 1.6

Diffusion, osmosis and active transport:

1.15-1.17, 8.4B

Mitosis: 2.1 - 2.3

Enzymes: 1.7 - 1.12

Protein synthesis: 3.8 - 3.10

Mutations: 3.22 - 3.23

Resources

e Students’ strengths and misconceptions
e Summary sheets

e Worksheets 1 & 2: Cell structures

e Practice questions

e Students’ strengths and misconceptions
e Summary sheets

e Worksheet 1: Carbohydrates

e Worksheet 2: Data analysis

e Practice questions



Topic

Section C
Human biology

Appendix 1
Appendix 2
Appendix 3
Appendix 4
Appendix 5
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Specification links

Heart / lungs and circulatory system:

8.3-8.4,8.6-8.8,8.12

Biology A Specification mapping
Biology B Specification mapping
Answers to Baseline assessment
Exam practice

Answers to exam practice

Resources

e Students’ strengths and misconceptions
e Summary sheets

e Worksheet 1: Prefixes

e Worksheet 2: Keywords

e Practice questions



The table below outlines the types of resources to be found in each section along with a description of its intended uses.

Type of resource Description

Baseline assessment This tests fundamental understanding of:
e biological molecules
e cells and reproduction
e biodiversity and natural selection
e exchange and transport.

Summary sheets Review of KS4 concepts.
Summary of key points and guide to correct use of key terms.
Tips on how to answer exam questions.

Student worksheets and practice questions | Checking understanding of key points from Baseline assessment and Summary sheet.
Checking understanding of new KS5 learning.

Examples of students’ responses from How to answer exam-type questions and KS5 level.
Results Plus - Examiners’ report



Name:

Biology group:

GCSE Biology/Science grade:

Date:

Form:

Targets for improvement
DNA structure and genetics

Protein synthesis and enzymes

[0 Cell structures
I Biodiversity
[0 Heart and bloodflow

Question | Marks
1 /5
2 /6
3 /4
4 /4
5 /4
6 /8
7 /9
8 /9
9 /7
Total /55
%

Grade

Target grade

L oT
L BT
O AT
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Read through the following passage on the structure of DNA, then fill in the most
appropriate word or words to complete the passage.

A DNA molecule consists of two strands of mononucleotides. Each of these strands is

twisted around the other, forming a

Each mononucleotide consists of a pentose sugar called deoxyribose, a base and a

phosphate. The two strands are held together by complementary base pairing.

Adenine bonds with and cytosine bonds with

. The name of the bond that forms between

these bases is a bond. A DNA molecule that is
composed of 34% adenine will be composed of % cytosine.
(6 marks)

Cystic fibrosis and albinism are examples of recessive genetic disorders. Krabbe
disease is another example of a recessive genetic disorder.

Krabbe disease is caused by mutations in the GALC gene, resulting in a deficiency of
an enzyme called galactocerebrosidase.

a Explain the meaning of each of the following terms.
i  Mutation

(2 marks)

ii Recessive

(1 mark)



b Explain how a mutation in the GALC gene could result in a change in the enzyme
galactocerebrosidase.

(3 marks)

3 Transcription and translation are two main stages in protein synthesis.

a Complete the table below by writing the word transcription or translation next
to the appropriate statement about protein synthesis.

Statement Stage of protein synthesis
Ribosomes are involved.

DNA acts a s a template.

tRNA is involved.

Peptide bonds are made.

mRNA is made.

(5 marks)
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b The table below shows some amino acids and their corresponding DNA triplet
codons. The DNA triplet codons for a stop signal are also shown.

Amino acid/stop signal

Proline GGT GGG
Alanine CGG CGA
Cysteine ACA ACG
Serine AGG AGA
Leucine GAA GAG
Arginine GCA GCG
Glutamine CTT CTC
Gkycine CCT CCG
Threonine TGC TGA
Stop signal ATT ATC
The diagram below shows part of a DNA molecule.
codon 84 codon 85 codon 86 codon 87

DNA triplet codons

GGA

CGT CGC
AGT AGC
GAT GAC
GCT GCC
CCA CcCC
TGT TGG
ACT

codon 88

codon 89

A

c A € T T A £ & 6€ € C 6 6 1 6 6 &

Place a cross () in the box next to the amino acid coded for by codon 85.

A Leucine
B Glutamine

C Glycine

N O I

D Serine

(1 mark)

Place a cross (X) in the box next to the sequence of amino acids found in the

polypeptide chain that is coded for by this part of the DNA strand.

A cysteine glutamine cysteine arginine proline proline [ ]

B threonine leucine threonine alanine glycine glycine

L]

C cysteine glutamine cysteine arginine glycine glycine [ ]

D cysteine proline cysteine arginine proline proline

L]

(1 mark)



ili Place a cross (X) in the box next to the sequence of bases on a molecule of
messenger RNA (mRNA) synthesised from this part of the DNA molecule.

AACACTTACAGCCGGTGGG ]
BTGTGAATGTCGGCCACCC Eq
CUGUGAAUGUCGGCCACCC []
DAGACUUAGACGGCCUGGG [ ]

(1 mark)

4 Animal and plant cells are eukaryotic. Bacterial cells are prokaryotic.

Name three structures that are present in prokaryotic cells but absent in animal
cells.

(3 marks)
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5 Lichen consists of two organisms, an alga and a fungus, growing together.

The alga photosynthesises producing carbohydrate for the two organisms and the
fungus absorbs and retains water so that the lichen does not dry out.

The photograph below shows a patch of lichen growing on a wall.

Patch of lichen

Bare wall —___

Magnification x 1

Algae and fungi are eukaryotic organisms.

a Place a cross (K) in the box next to one difference in cell structure between these
two eukaryotic organisms.

A algae have chloroplasts, fungi do not
B algae have circular DNA, fungi have linear DNA

C fungi have chloroplasts, algae do not

I

D fungi have circular DNA, algae have linear DNA
(1 mark)

b Lichens can reproduce sexually and asexually. Sexual reproduction involves
meiosis and asexual reproduction involves mitosis.

Describe the advantages to lichens of being able to reproduce both sexually and
asexually.

(2 marks)



c The diagram below shows the conditions at four positions, A, B, Cand D, on a
building.

B. Area exposed to

A. Shaded area next to
) bright sunlight

a dripping pipe

B g g e PP

D. Shaded area, protected —

from the wind C. Area exposed to bright
sunlight and protected
from the wind

Place a cross () in the box next to one difference in cell structure between these
two eukaryotic organisms.

O o0 w >
OOon

(1 mark)

6 Fertilisation involves the fusion of haploid nuclei.
a The diagram below shows a human sperm cell.

A

mid piece

/

haploid nucleus

Name the structures labelled A and B.

A

(2 marks)
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b Explain why it is important that the sperm has a nucleus that is haploid.

(2 marks)

7 Rhododendrons are shrubby plants that are widely distributed throughout the
northern hemisphere.

The flowering periods and habitats of two species of rhododendron, found on
Yakushima Island in Japan, are shown in the table below.

Species Flowering Main flowering Habitat

period period
Rhododendron April to July May Rocky areas in
eriocarpum lowland regions
Rhc_)dodendron May to July June ngh mountainous
indicum regions

Where these populations overlap, hybrid plants are found that have arisen as a result
of cross-fertilisation between these two species. These hybrid plants are capable of
flowering and producing viable seeds.

a Describe the reasons why some scientists might prefer to classify Rhododendron
eriocarpum and Rhododendron indicum as varieties within the same species
rather than as two separate species.

(3 marks)



b Explain why there is likely to be a greater genetic diversity in the hybrid plants
than in either of the two separate species.

(2 marks)

¢ Adaptation can occur within the same species.
Leopards and panthers are members of the same species found in Africa.

Leopards have spotted fur and hunt in open grasslands, whilst panthers have
black fur and hunt in forests.

Suggest how natural selection has led to the evolution of these two different
forms of the same species.

(4 marks)
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8

In an osmosis investigation, a student prepared five pieces of raw potato of equal

mass and a range of sucrose solutions of different concentrations.

One piece of potato was placed in each sucrose solution. After two hours, the potato
pieces were removed and blotted dry and the change in mass of each potato piece

was calculated.

The results are shown in the table below.

Concentration of sucrose Change in mass of
potato piece/g

solution/mol dm™3
0.2
0.4
0.6
0.8
1.0

+1.34
+0.82
+0.31
-0.11
-0.65

a Explain the meaning of the term osmosis.

(2 marks)

b i Explain why the piece of potato placed in 0.2 mol dm~3 sucrose solution had

the largest change in mass.

(3 marks)



il The student suggested that there would be no change in the mass of a piece
of potato placed in a sucrose solution of 0.75 mol dm~3. Give an explanation
for this suggestion.

c The student repeated this investigation using another potato and the results were
different.

The student concluded that there was a difference in water content of the two
potatoes. Describe two reasons for this difference in water content.

(2 marks)

9 a Read through the following passage about the heart and its major blood vessels,
then fill in the most appropriate word or words to complete the passage.

The mammalian heart consists of four chambers, two upper chambers called

and two lower chambers called ventricles.

The carries oxygenated blood away from the

ventricle to the cells of the body and the pulmonary

carries deoxygenated blood to the lungs. The

returns deoxygenated blood back to the heart from the

body.

(5 marks)
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b The diagram below shows the structure of the heart.

Describe the stage of the cardiac cycle which is shown in the diagram and give a
reason for your answer.

(2 marks)

-End of assessment-



Here are some commentaries on and examples of answers to questions used in the
baseline assessment - you may want to print out the answers and ask your students to
mark them before sharing the examiners’ commentaries.

2ai

A common error here was not to refer to DNA in the answer related to a specific gene
mutation. The better candidates did refer to this and clearly explained the change in base
sequence or quantity of DNA. There were a few responses referring to insertion, deletion
etc, but a significant number of candidates spoiled answers with references to changes in
amino acid sequence in genes/DNA or alteration of cells.

v:."‘llr- 'I.;-_ipp".-\ W
.9 -L!m...-?ﬂc_ kit e RPN 1k 4- JONA SeDed | Soun rtenaLE o

... -;J.Lo.,.,cr.. ﬂi’ Hea.... S, oe ek ovdes. ona Bl reloe o e'vxéf.-.m.-.q.,.:'.&xf. .

of .. tha . DNA . talonth . reanalia., b\ FLOAL .ir:-:.c,fft-:.tx'cm.iﬂ P PO, oo
A sl
The candidate has described what is changed in the DNA for both marks.

o nds Change pf the DVA,
AR — COnourngedd ik JLW:tM@ elve
This response gains one of the two marks available. The candidate has

recognised what is altered, the DNA, but has not described what the nature of
the change is.

A it ad1'om ¥ b Bt LA fmere " a W&-ﬂy_e o
e L T L o faurs - fisre omé S hpeo

€ Aggiah oM, f%ﬂWW;M(MIM Av ead e31 , NEelef e By
JASert L

This response gains one of the two marks available. The candidate has
explained what the change is, but has not stated which molecule is altered.

Results Plus: Examiner Tip

Remember if a question is worth two marks more detail or two clear
statements are often required.
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2aii

It was pleasing to see the large number of candidates who were able to express
themselves very clearly here, demonstrating a good understanding of the term recessive.
However, there were a few candidates that simply referred to 'not dominant' or 'never
expressed' or 'not expressed' or 'carry disease'. There were also several irrelevant
references to inheritance in answers.

O AR, ox allele Brab. NDnakc e xoreSSed ek

Ii'}“-f Meekupe. ke .\ 0 ecesave alldlen o€ .l.i-qul"-if Db

This is an example of the common correct response.

This response illustrates another common way of acceptably expressing what
recessive means.

_ nofiive do My Oor My wnf be pusted a
um,wm 35&1 i Fmseu\ 0w fosfeive e na) a]wmj,

This response scores no marks. Many candidates who failed to score the mark
concentrated on inheritance rather than expression of the characteristic.

Means. tnatk. e oliease. . call. bl et ocn. g MO

M. CECSHC.. . olelL. i8S gresSedk. . PYMS. .

This response scores no marks. Many candidates mistakenly associate
recessive genes only with disease and disorders.

Results Plus: Examiner Tip

A genetic disorder could be caused by a recessive or dominant allele. It is also
important to remember that genes are not only associated with diseases and
disorders - they do a lot more as well.



2b

This was generally well answered with many candidates correctly describing the effects of
a mutation on primary structure, the shape of protein/enzyme (3D/tertiary structure)

and on the active site, thus gaining all 3 marks. There were only a few candidates who
identified the potential effect of incorrect stop codons and only a few on no synthesis or
incomplete synthesis of the enzyme. A number of candidates vaguely referred to the
enzyme not functioning.

A putaden .o, @ALL . .qece. fea . k. a. Chacae. . the. prmert]., shucdact..

o AR €RYMNG o . ThLI . (€adl ... ... clffRacen] . Amiang, Aseds. borngy. rmed. s,
So..of. bnsed a’qﬁhm@ TR Can . chathe. The. Shape. oo The. entqme
aned . A Emyme. . sy b lNgév. e rﬂg.f,wi 10 Cottd.aut L. fucrsihan.
e achue Sute of e Gectpmer widl he. diffectinl. ang so. cull set loe. ah
e rerelayte ani . Sk | Sulahd &

This response scores all three marks available. This candidate has correctly
identified that the mutation will affect the primary structure of the protein
that will change the 3D shape and therefore the active site of the enzyme will
be changed.

Ave. mukaMon in K ¢..qoudd. leod 0. an. eNtyime
fe makodon c%&
RO .. e NIk, e OCHL SOCS.0F. 8. e

s AV €nzynae wopald  Wen. ot bz able. ko

This response scores one of the three marks available. The candidate has
correctly identified what will happen to the enzyme for a mark, but has not
answered the question which asks them how the mutation results in the

change.

Results Plus: Examiner Tip
Read the question carefully and answer the question asked!
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This response scores no marks. This is an example of a candidate who has
failed to focus on what has been asked by the question.

3

Candidates generally scored well in this question. A good understanding of the genetic
code was demonstrated in b. It is acknowledged that for a multiple choice-type question
there was a lot of working out needed and that this was time-consuming for the
candidates.

4

Generally, this question was well answered. However, when a question asks for 'three’
structures and there are spaces for three responses, clearly numbered 1, 2 and 3, it is
advisable to stick to three and not to write several possibilities on each line. When
candidates provide more answers than requested, they cannot expect an examiner to
pick the three correct ones from a list and just ignore all the incorrect guesses.

The commonest error was providing 'flagellum' as an example, even though candidates
should have studied the structure of human gametes for this paper, and should have
been aware of the fact that sperms cells are animal cells which possess a flagellum.

Other errors included 'plastid’ instead of 'plasmid' and 'capsid' instead of 'capsule'.

5

Students performed well in this question overall, despite the study of lichen being an
unfamiliar context for field work.

The majority of students scored well in parts a, b and ¢, indicating that the AS content
has been revisited in preparation for the synoptic element of this question.

6

The accurate naming of sperm cell structures is expected. Many responses to a ii focused
on fertilisation restoring the diploid number, but some explanations needed more clarity.
Few candidates made reference to 23 and 46 (23 pairs) of chromosomes, nor did many
extend their comments to cover the other major function of allowing genetic variation.



7 a

Many candidates were able to gain some credit by giving a definition of a species.
However, relatively few of these then related this to these actual examples being able to
produce a hybrid that is able to produce viable seed. Some candidates gave lengthy
descriptions about similar features without any reference to the possibility of

interbreeding. The terms 'fertile' and 'viable' were used by many candidates to mean the
same thing.

Wee owe et bieh 08 GuaA  Legeaane g
bew waaderage  Soth - FoarWligod ow Few (mdice
D¢;QE‘—Q\.._I:’ Witk ore fer Ve « BVS wagunn ‘uc..‘:_j
Ofe S$HW of Ye S Sleciad: e Coudd ™
be chewsified o S@RQuoke  Selien “eleae
Rew f2Qmdice 't fDduine O"'E'c'f"‘“"-b o lae CAA

Gie fasr e

This response has the correct idea of the definition of a species. However, the
hybrids being fertile does not mean that the seed they produce would be
viable.

Results Plus: Examiner Tip

Pay careful attention to terms such as 'fertile' and 'viable' to make sure you
understand exactly what they mean.

7b

Most candidates realised that the hybrids would inherit from two types of parent but did
not use terminology correctly or include sufficient detail. As in the previous question, the
terms 'allele' and 'gene' were often confused. Many answers were too vague and did not
explain why the two separate gene pools of the parents would have different alleles so
that there was a greater variety available to the hybrids.

tRcouse ... fla I-.t*rid\ § ploaks I\ inhent 5«‘&#‘&
InoeAoXion . glors . eolh ot the  tuo | species.. The

planks ia Ba  some  seedes  oil) shoce  wore . cpnkhic
ingoraban - Thetegate o ol il egsringy Whaeos  with
He hobid . poaks  Hae IS o lofogs - seleckon ot - digest
allles fay coold inbeit:
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The reference to 'genetic information' is not sufficient to give the idea of
different alleles from both parents. The last sentence justifies awarding a
mark.

Results Plus: Examiner Tip

When referring to genetic information, be specific and use 'allele' and 'gene’
appropriately.

7 c

Part c enabled some candidates to demonstrate a very clear understanding of the
evolutionary process. The best answers tackled the question in a logical sequence. Most
comments that gained few marks either tended to detail just one area, or considered
that the question was a genetics one relating to cross breeding.

8

This question caused candidates the most problems, even though it was based on a very
basic and traditional biological experiment.

If a had been well answered we could have made the comment that candidates knew the
meaning of the term, but had no understanding of the process. However, very few
candidates could clearly explain the meaning of the term, giving vague statements that
did not clearly indicate what concentrations they were referring to. This is illustrated in
the response below that could only be awarded mp 1.

(a) Explain the meaning of the term osmosis.

s TN ] T LR W 1_.-'-'1'"_. i T _".'.', '.!1f+1' ] 1|'.I ¥ Ty ':'l--l *l{'l Wl R

. B e il iz -
Mok L Lyt B g A R, B N 1T

The marks for this question were generally scored in ¢ and d.

9

This question was well answered by candidates who knew the names of the stages of the
cardiac cycle and the valves. Candidates are expected to know the names of the stages
of the cardiac cycle and the names of the chambers of the heart, the valves and the
blood vessels entering and leaving the heart.



Topics covered Type of

resource
e Cells and Teacher
microscopy resource
e Mitosis
e Gram staining
e Osmosis
e Cell structure Teacher
e Mitosis resource
e Microscopy
e Diffusion, osmosis
and active transport
e Cell structures Student
worksheet
e Cell structures Student
worksheet
e Bacterial, animal Student
and plant cell questions

features.

e Mitosis and
magnification
calculations.

e Diffusion, osmosis
and active
transport.

Lesson ideas

Resource
name

Suggested
activities

Summary
sheets

Worksheet 1:
Cell structures

1

Worksheet 2:
Cell structures

2

Practice
questions

e Microscope work on animal and plant cells.
e Identification of cell features from light and electron microscopy images.

e Measure cell length and calculate actual cell size.
e Root tip squash to show cells undergoing mitosis.

e Gram staining of bacteria.

e Investigating osmosis in potato chips.

Brief description and
notes for resource

Specification references and
practical information for the
lesson ideas.

Information that can used to
support practical activities in
the lab or completion of the
consolidation activities

Extracting information from
text to list the features of
animal, plant and bacterial
cells.

Extracting information from
text and using it to draw and
label animal, plant and
bacterial cells.

Exam questions on section
covering KS4 to KS5 content.

Checking how far students
have progressed at the end
of the section.
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Suggested activity

Microscope work on animal and plant cells.
Compare light and electron microscope images.
Measure cell length and calculate actual cell size.

Root tip squash to show cells undergoing mitosis.

http://www.nuffieldfoundation.org/practical-
biology/investigating-mitosis-allium-root-tip-squash

Calculate the actual sizes of observed cells.

Gram staining of bacteria and comparison with
animal and plant cell size.

Identification of cell features from electron
microscopy images.

Investigating osmosis in potato chips.

Knowledge/skill addressed

Practice using microscopes.
Magnification calculations.

Stages of mitosis.
Practice using microscopes.
Magnification calculations.

Understanding of scale.
Cell wall structure.

Cell structures.
Magnification calculations.

Osmosis.

Recording data in tables with SI units and to the

correct number of decimal places.

A Spec
reference

3.3

Core practical

5

3.5

2.3

B Spec
reference

2.1

2.1

2.1

4.2



Prokaryotes are single celled organisms,
than Eukaryotic cells.

Bacterial cells have:

e no nucleus with circular DNA free
in the cytoplasm

e cell wall made from peptidoglycan
e no membrane-bound organelles
e small ribosomes.

Eukaryotic cells include animal and plant
cells. They are larger and more complex
than prokaryotic cells.

Animal cells have:

e linear DNA contained inside a nucleus

e no cell wall

e larger ribosomes and many membrane-

bound organelles including mitochondria

where aerobic respiration occurs and
endoplasmic reticulum and golgi which
are involved in the processing of
proteins.

Plant cells have the same organelles as
animal
cells but they also have:

e a cell wall
e a large vacuole containing cell sap
e chloroplasts for photosynthesis.

I(;_ O

Y \.'__— numerous chloroplasts

tonoplast (membrane
‘ around vacuole)

|| starch grain

[

cell wall (cell surface
membrane underneath
wall)

sap vacuole
nucleus

cytoplasm

greater
detail

including bacteria. They are simpler and smaller

mesosome* cell surface membrane
glycogen granules, \
lipid droplets \
small
flagellum* % ribosomes
Ll
e, Wl wall
Ry cell wal
O\
/ plasmids*
phaotosynthetic nucleoid

membranes*

N

* = not present in all bacteria

Golgi
apparatus
Secretory vesicles

Lysosome
Cytoplasm
Rough 7 Ve @

endoplasmic
reticulum

Centriole —————&

Mitochondrion —

Ribosomes

tonoplast

vacuole

mitechondrion

chloroplast

nucleolus

nucleus

cell wall (with cell surface
membrane beneath)
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cell gycle

Mitosis results in the production of two genetically identical
diploid body cells. It occurs during growth, repair and
asexual reproduction.

cytokinesis

— -

mitosis

Mitosis occurs during the cell cycle. The cell cycle consists
of a period of cell growth and DNA replication known as
interphase and then a period of cell division called mitosis
followed by cytokinesis where the cytoplasm divides and

the cell membrane constricts to form the two daughter cells.

Mitosis is broken down into stages - prophase, metaphase,
anaphase and telophase, followed by cytokinesis.

interphase

which | = G,
Vents | g mitosis

=]
order in j s }interphast
take place ¥ [ ytokinesis

cantricles A Interphase: before mitosis the tangled, uncoiled mass of
nuclesr membrans chromosomes fills the nucleus. DMA &5 rplicated during this stage.

chrormatin threads
(Dot already replicated)

Centricles move to opposite B Prophase: the chromasames coil and condense, @ach one appearing as
poles. They appear as star-like two chromatids. The nucleolus breaks down and the cantricles begin to

%, 'asters' as microtubules form, ]
nuclsar membrane separate and start to form the spindls,

chromosome showing

two chromatids
rucleclus disappears
equator € Metaphase: the nuclear membrane breaks down. Spindles made of
micratubules have baen tormead by the cantrioles. The chromatids ine
up an the equator.
centriole

chroamosome attached to
spirdle fibre by centromere

D A : tha cantromeres separate and each chromatid is pulled
sister chromatids pulled maphame ) pa iisp
towrard opposite poles along a along a spindle tubule towards one of the poles

centramera first.

ruclear membrane  E Early telophase: the chromatids reach the poles of the cell wher
they are now known as chromasamas. The membr@ana beging to raform
and the cytoplasm to divide.

F Late telophase: the chromasames bagin to ‘decondense’. The nuclear

mambranas and nucleali are fully reformed and centriolas are prsant
chromosome about again. The division of the cytoplasm continuas until two new identical
to urwind calls are rommed which once more entar intarphass,




Magnification is how much bigger the image is than the specimen on the microscope
slide.

The size of the specimen can be calculated using the formula:

length of the image

length of the specimen =
magnification

With a light microscope the magnification is the combination of the magnification of the
objective lens and the eye piece lens.

For example a 40x objective lens and a 10x eye piece lens produce a total magnification
of 400x.

When you are doing magnification calculations you must have all the lengths in the
same units.

1cm 10 mm
1 mm 1000 pm
1 pum 1000 nm

Calculate the actual size of a cell with a diameter of 8 mm using 100x magnification.

Actual size = = 0.08 mm

100
= 80 pym

Resolution is a measure of how easy it is to distinguish between two points that are close
together i.e. how much detail can be distinguished. Electron microscopes have a better
resolution than light microscopes so they can see more detail.
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Liquid and gas particles are constantly
moving which causes particles to move
from an area of high concentration to an
area of low concentration.

@ high . o0 molecules to be transported
Tf"molgmujm o o eg amino acids
m s
o

TS e
WARUURARRRY | JMBOSTEY

inside of cell ~ carriers of
matching shape.

concentration o protein carrier
of molecules © O of specific shape
@ o © ©
Q
oo ©

outside of cell

ARRERRARES | 40 IRRERARE
BARURRBLY ﬂ@ﬁ@ﬂﬁ@%

inside of cell
The protein carrier ./ \\

changes shape and Q
the molecules are  © o
passed into the cell.

outside of cell
85 A58 RRfosa.thelipia
i n'-:.- reOE0arbgpe.
“workSwhdn T Kk,

lent) Eqﬁ%ﬁé righénter. les

sa
(the concentrationr-grad

Potassium
© manganate(VIl)
ions

o Water
molecules

Observing the process of diffusion. If the beaker is left
to stand the random motion of both the water and the
purple manganate(VII) ions will ensure they are
eventually evenly mixed.

Small particles can diffuse across cell
membranes and no energy is required.
Some molecules, such as glucose, are too
large to diffuse across the cell membrane
so they must be helped by carrier proteins.
Each molecule has its own carrier protein
that allows the molecule through the cell
membrane without the need for energy.
This is known as facilitated diffusion.

direction. © 0¢

o Q
Osmosis is the diffusion of water molecules from an area o @9 G==o
of higher concentration of water molecules to an area of e?® _ﬁ P
lower concentration of water molecules across a partially o LL ]
permeable membrane. == ®
Active transport uses energy to transport substances . o=
across membranes from an area of lower concentration to o —"’:-’-'?) 00 ®

an area of higher concentration



Extracting key information from text is an important study skill for
A-level candidates.

Read through the passage below about animal, plant and bacterial cells. Use the
information and your own knowledge to complete the table to list some of the structural
features of animal, plant and bacterial cells.

The plant cell and the animal cell possess a nucleus containing chromosomes
and a nucleolus. In a bacterial cell the DNA is located in the cytoplasm. Only
the bacterial cell and the plant cell have a cell wall but all three cells have a
cell membrane. The plant cell wall is made of cellulose and the bacterial cell
wall is made of peptidoglycan.

Centrioles are present only in the animal cell and chloroplasts are found only
in the plant cell. Mitochondria and rough endoplasmic reticulum are not
present in the bacterial cell. All three cells contain structures called ribosomes
which are involved in the synthesis of protein. Bacterial cells can have pili or a

capsule.
Features present in Features present in Features present in
animal cells plant cells bacterial cells

Extension activity — research a function for each feature listed.
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Extracting key information from text is an important study skill for
A-level candidates.

Read through the passage below about animal, plant and bacterial cells. Use the
information and your own knowledge to draw and label an animal, plant and bacterial
cell. You should include the features listed if appropriate.

The plant cell and the animal cell possess a nucleus containing chromosomes
and a nucleolus. In a bacterial cell the DNA is located in the cytoplasm. Only
the bacterial cell and the plant cell have a cell wall but all three cells have a
cell membrane. The plant cell wall is made of cellulose and the bacterial cell
wall is made of peptidoglycan.

Centrioles are present only in the animal cell and chloroplasts are found only
in the plant cell. Mitochondria and rough endoplasmic reticulum are not
present in the bacterial cell. All three cells contain structures called ribosomes
which are involved in the synthesis of protein. Bacterial cells can have pili or a

capsule.
cell wall nucleus cell membrane ribosome capsule
mitochondria cytoplasm chloroplast plasmid chromosome
Animal cell Plant cell

Bacterial cell

Extension activity — research any unfamiliar features and add them to your
cell diagrams.



1 The diagram shows a bacterial cell with some of the key features labelled.

mesosome® cell surface membrane

glycogen granules,
lipid droplets

ribosomes

A

photosy nthetic C
membranes*

a Label cell features A, B, C and D.

b Complete the table to identify three features present in animal cells and describe
their function.

Animal cell feature Function

¢ Some antibiotics prevent protein synthesis by targeting the ribosome.
Ribosomes in eukaryotes have a different structure to prokaryotes.

In no more than 50 words, explain why these types of antibiotics can be used to
treat bacterial infections without effecting human cells.

Concise writing which refers to key scientific ideas is effective.
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2 The image shows root tip cells at different stages of the cell cycle.

a Identify the stages of mitosis for cells A, B, C and D.

b The microscope used to view the cells had a 10x eye piece lens. Which objective
lens was needed to view the cells at this magnification level?

c Calculate the length of cell A.

3 The diagram shows an animal cell with three key features labelled.

nucleus

cytoplasm

cell surface
membrane



a Identify three additional features which are found in animal cells and describe
their functions.

b An image of an animal cell nucleus with a diameter of 6 pm was obtained using a
10x eye piece lens and 20x objective lens. Calculate the diameter of the nucleus
on the image.

Substances can be transported into cells through diffusion, osmosis and active
transport.

4 Write a definition for diffusion, osmosis and active transport.

Diffusion:

Osmosis:

Active transport:
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5 Cells were placed in a solution containing solute X and solute Y.

The diagram below represents the concentration of the two solutes inside and outside
one of the cells, when this cell was placed in the solution and then after 30 minutes.

(o]
®—— solute X o °
o °
— cell
o o o
O—1F1— solute Y
(o] [ ] o
Initial concentration After 30 minutes

Explain the movement of solute X and solute Y into the cell.

6 A red blood cell was placed in a solution of distilled water.
Explain the effect on the red blood cell of being placed in a solution of distilled water.

7 Explain the key word ‘isotonic’.



8 A student took 15 identical sized potato chips. The mass of each chip was recorded
and the chips were placed in 4 salt solutions (0.1M, 0.2M, 0.3M and 0.4M) and pure
water for 30 minutes. The chips were dried and the mass recorded. The mass change
and % change in mass was calculated.

Design a table to record the students raw and processed data.

When recording data in tables units must be included in headers of
the tables. All units should be SI.
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temperature on the

rate of enzyme
activity.

Topics covered Type of Resource Brief description and
resource name notes for resource
Enzyme activity and @ Teacher Suggested Specification references
action resource activities and practical information
Translation for the lesson ideas.
Protein synthesis Teacher Summary Information that can used
Enzyme activity resource sheets to support practical
activities in the lab or
completion of the
consolidation activities
Carbohydrates Student Worksheet 1: Distinguishing between
worksheet | Carbohydrates monosaccharides,
disaccharides and
polysaccharides.
Data analysis Student Worksheet 2: Task to show the effect of
worksheet | Data analysis recording and processing
data to the correct number
of decimal places.
Rates of reaction for = Student Practice Exam questions on section
enzymes. questions questions covering KS4 to KS5
Effect of content.

Checking how far students
have progressed at the end
of the section.

e Transcription and
translation and the
effect of mutations
on DNA sequences.

Lesson ideas

e Practical on the action of amylase on starch.
e Practical on factors effecting enzyme action.
e Modelling of lock and key hypothesis of enzyme action.



Suggested activity

Practical investigating action of amylase on starch

Practical investigating factors effecting enzyme
action

http://www.nuffieldfoundation.org/practical-
biology/investigating-effect-temperature-activity-
lipase

Modelling of lock and key hypothesis of enzyme
action

Translation of given DNA sequences

Knowledge/skill addressed

Role of amylase
Enzyme specificity and action
Practical skills

Factors affecting enzyme action
Practical skills

Enzyme specificity

Transcription and translation
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A Spec
reference

1.12

2.10 and
practical

2.10

2.6 & 2.7

B Spec
reference

1.1 & 1.5

1.5

1.5

1.4



A gene is a sequence of DNA which codes for a protein. Proteins are synthesised in a

two-step process - transcription and translation.

Transcription takes place in the nucleus and translation takes place at the ribosome. A
complementary mRNA strand is made using the DNA as a template. The mRNA leaves

the nucleus and attaches to the ribosome in the cytoplasm.

A triplet of bases on the

mMRNA (a codon) code for specific amino acids. The amino acids are delivered to the

ribosome by tRNA. Peptide bonds are formed between the

amino acids to make the

nucleus

polypeptide.
ouble
mRNA 3 codons DNA hellx unravels
| ' double gene reglon '
u helix transcribed
i — |
ribosome — mRN

%J

1 The DNA is transcribed
to give a length of mMRNA.

2a mRNA moves out of the nucleus
and becomes engulfed by a ribosome.

3 tRNA molecule carrying amino acid lines up
against matching mRNA on the ribosome. ~—__,,

link formed
4 Peptide links are formed between

the amino acids brought by the tRNA.

The DNA gene sequence is ACA CGG AAA CCT GAC.

The mRNA sequence is UGU GCC UUU GGA CUG.

Primary structure — the linear sequence of amine acids in a peptide.

This codes for the amino acid sequence is:

Cys-Ala-Lys-Gly-Leu

The protein folds into a specific structure.
For enzymes this means that the active site
forms a specific shape that binds specific substrates.

——— cytoplasm

tRNA—ET
amino
acid 2

- -
amino amino
acid 1 acid 3

2 tRNA in the cell attaches to spedific
amino acids.

5 When the polypeptide is released into
the cytoplasm, the tRNA units also
unbind and return to the cytoplasm
to pick up more amino acids.

The ribosome may read

the mRNA again.

Secondary structure — the repeating pattern in the structure of the
peptide chains, such as an a-helix or pleated sheets.

Tertiary structure — the three-dimensional folding of the
secondary structure.

Quaternary structure — the three-dimensional arrangement of more
than one tertiary polypeptide.



Enzymes are biological catalysts that speed up chemical reactions. Enzymes work by
reducing the amount of activation energy needed for the reaction to occur.

substrate This molecule cannot fit
into the active site. So this
@ . enzyme cannot catalyse a
reaction for this molecule.
|~ active sita The active site of the enzyme is where the
substrate binds. It has a specific shape which

means enzymes can only bind to a specific

\ substrate.
The substrate binds to the active site forming an
products enzyme-substrate complex. The reaction is
enzyme/substrate Q D catalysed and the products released.
complex formed \\‘ Jll
!

Different factors can affect how quickly the enzymes work. These include temperature,
pH, enzyme concentration and substrate concentration.

As temperature increases there is more chance of
- s Optimum temperature —
a collision between the enzyme and substrates, as here the reaction proceeds

they have more kinetic energy. This continues T ~ asfastas possible
until the optimum temperature where the rate of L [ineramses couting. loses o bty
reaction is highest. As the temperature continues 3 |with each 10°C to catalyse the
. . . @ | rise in temperature reaction
to rise the enzyme denatures, as the active site 2
changes shape, when bonds holding the protein 2
together break. <
Enzymes also have an optimum pH, above and Temperature —>
below the optimum pH the enzyme denatures.
Vinax = MaXimum rate of reaction As the substrate concentration increases there is more
T chance of a collision between the substrate and the
s Vinse approached enzyme. The rate of reaction increases until all the actives
g L sites be i i
2 o sites are occupied.
E At lower substrate concentrations,
& lecul f : -
Jome enzyme molecules The rate of reaction increases as enzyme concentration

increases until all the substrate is bound to an enzyme.

Substrate concentration —

In practical situations you can sometimes measure
the amount of product formed over time. The
initial rate of the reaction for an enzyme can be
calculated by measuring the gradient of the graph.
If the line is curved a tangent to the curve can be
used : gradient =y + x.

/A

X

Amount of product

Time
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The diagram shows the chemical structures of some monosaccharides, disaccharides and
polysaccharides. Giving a reason, separate the molecules into these three groups.

Glucose
6 CH,OH
5(‘3 8]

H / ‘ \ H
SCn v
HO \‘ ‘ / \DH
T
H OH
Maltose

1, 4 glycosidic bond

maltose

Amylose
side group

XXX TXHT,

Monosaccharides

Disaccharides

Amylopectin

OH | O CH,OH

Fructose

HOH,C ® e 'CH,0H
" \T TH/ o
c

Polysaccharides



Processed data should be recorded to the same number of decimal
places as the primary data

This table shows the same data recorded to different numbers of decimal places.

Data set 1 Data set 2
2.4 2.37
3.6 3.55
4.1 4.05
2.8 2.76
3.5 3.51

1 Compare the mean values for data set 1 and data set 2.

2 Express data set 2 to 1 decimal place. What do you notice?

3 Explain why it is incorrect to record 3.28 as the mean for data set 1.

Being able to convert data, using standard form and different units, is
an important skill

4 Convert the data in the table below.

Data Value
45100 g into standard form

45100 g into kilograms

34 ms into seconds

780 um into millimetres

0.25 x 10°s into nanoseconds
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1 Enzyme A catalyses the breakdown of molecule X into Y and Z.

Enzyme A

»Y + ~Z
Molecule X and enzyme A were mixed together at 30°C at pH 6.8.

This graph shows the mass of molecule Z formed over a 10 minute time period.

80

70

60

50

40

30

20

Amount of molecule Z / mg

time (mins)

a Calculate the initial rate of reaction of enzyme A.

b What is the rate of reaction of enzyme A after 8 minutes?

c Suggest a reason for the rate of reaction calculated in b.



2 Enzyme B catalyses the breakdown of molecule X into Y and Z.

Enzyme B

X »Y + Z

Molecule X and enzyme B were mixed together at different temperatures.

This table shows the initial rate of reaction of enzyme B at 15°C, 25°C, 30°C, 35°C,
40°C and 50°C.

Temperature Initial rate of reaction of
enzyme B (mmol.min™)

15 8

25 14

30 18

35 20

40 18

50 12

a The table has some missing information. Add the missing information to
the table.

b Plot the data from the table on graph to show the initial rate of reaction of
enzyme B at different temperatures.

You should consider:

e the variable which should be on the x-axis
e the labels for the axis

e the title of the graph.

c Compare different rates of reaction of enzyme B at 20°C, 37°C and 45°C.

For questions which involve the use of data from a graph you must
use scientific knowledge to explain the data you have extract from
the graph.
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3 Mutations in DNA can impact on the activity of enzymes.
This DNA sequence is from the region of the gene which codes for the active site of
an enzyme.

GAA GAG AGT GGA CTC ACA GCT CGG

The table shows the amino acid coded for by some codons.

Amino acid/stop signal DNA triplet codons
Proline GGT GGG GGA
Alanine CGG CGA CGT CGC
Cysteine ACA ACG

Serine AGG AGA AGT AGC
Leucine GAA GAG GAT GAC
Arginine GCA GCG GCT GcCC
Glutamine CTt CTC

Gkycine CCT CCG CCA cCcc
Threonine TGC TGA TGT TGG
Stop signal ATT ATC ACT

a State the amino acid sequence coded for by the sequence above.

b Using the information above explain the effect on the protein produced for the
following mutations.

GAA GA | AGT GGA CTC ACA GCT CGG

GAA GAG AGT GGA cTc Cca GCT GG

GAA GAG AGT GGA CTC ACA AcT cGG



Topics covered Type of

resource
e Practical activities Teacher
on the heart, lungs, | resource
blood vessels and
diffusion
e Heart and lungs Teacher
e Circulatory system  Fesource
e Prefixes to scientific = Student
terms worksheet
e Use of keywords Student
worksheet
e Heart structure and @ Student
the use of keywords | questions
in answers.
e The circulatory
system.

e Diffusion and active
transport.

Lesson ideas

e Heart dissection
e Lung dissection

Resource
name

Suggested
activities

Summary
sheets

Worksheet 1:

Prefixes

Worksheet 2:

Keywords

Practice
questions

e Comparing the elasticity of arteries and veins.

e Diffusion in agar cubes.

e Calculation of surface area: volume ratios.

Brief description and
notes for resource

Specification references and
practical information for the
lesson ideas.

Information that can used to
support practical activities in
the lab or completion of the
consolidation activities

Defining the meaning of
common prefixes used in
scientific terms.

Increasing the level of detail
in exam question answers.

Exam questions on section
covering KS4 to KS5 content.

Checking how far students
have progressed at the end of
the section.
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Suggested activity

Heart dissection
Lung dissection

Comparing the elasticity of arteries and veins

Diffusion in agar cubes

Knowledge/skill addressed

Heart structure

Comparison of the thickness of chamber walls and
blood vessels

Lung structure

Structure of arteries and veins
Practical skills

Diffusion
Surface area: volume ratio calculations
Practical skills

A Spec
reference

1.4

1.3&2.1

2.1

B Spec
reference

4.3 & 4.4

4.4

4.1



The left side of the
heart pumps
oxygenated blood
from the lungs
around the body.
The blood enters
the left atrium from

the pulmonary vein.

It flows through the
atrioventicular or
bicuspid valve to
the left ventricle.
The blood is then
pumped into the
aorta, through a
semi-lunar valve,
and around the
body.

right pulmonary artery

superior vena cava

right pulmenary vein-—

semilunar valve

right a:rlum

tricuspid valve

inferior vena cava

carotid arteries

to neck and head > flow of cxygenated blood

— flow of deoxygenated blood

aorta

left pulmonary
artery

left pulmonary vein

T left atrium
——— semilunar valve

bicuspid vatve

tendinous cords

papillary muscle

thick cardiac muscle of
left ventricle

|
aorta |

\
|
| apex of heart

septum

thinner cardiac
muscle of right
ventricle

The right side of the heart pumps deoxygenated blood from the body back to the lungs.
The blood returns from the body to the right atrium via the vena cava. It flows through
the atrioventicular or tricuspid valve to the right ventricle. The blood is then pumped into
the pulmonary artery, through a semi-lunar valve, and to the lungs.

Diastole — the heart is
relaxed and fills with bloed.

Systole — the heart (atria \
followed by ventricles) \
contracts and forces blood out

to the lungs and around the body..__/

——==atrioventricular
valves open

=semilunar valves
open

—=atrioventricular
valves closed

The atrioventricular valves between the atrium
and ventricles open to allow blood to flow from
the atrium into the ventricles and close when
the pressure in the ventricles rises to prevent
back flow.

The semi-lunar valves in the aorta and
pulmonary artery open to allow blood from the
ventricles to flow into the arteries. They close
to prevent backflow into the ventricles as the
heart relaxes.

alveolus surface is folded to
form a large surface area
il alveolar sac

\

direction
of blood

liquid surfactant

flaw ration
Oxygen enters the blood in the alveoli of the lungs. :> s
Oxygen in the alveolus is at a high concentration and it B\ oo the bood
diffuses down the concentration gradient into the blood 'Y
which has a low concentration of oxygen. This low e // = \/
concentration is maintained because the blood is % Ny

moving and carries the oxygen away.

The walls of the alveolus and capillaries are only one
cell thick. This creates a short diffusion distance
between the alveolus and the blood allowing a high

rate of diffusion.

\ blood capillary
(thin and permeable)

The low concentration of

Ozin the blood is maintained, as
blood carries the axygen away
from the alveolar sac.

squamous
epithelial cell
of alveolus

thin endothelial
cell of capillary

A short diffusion distance
speeds up the rate of diffusion.
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Blood flows around the body via a network of arteries, veins and capillaries.

The double circulation system of mammals
means that blood flows through the heart twice
in one complete cycle of the body.

capillary beds in tissue
veins returning

to the heart P
et D
r - - - —
(r LULLULS Y
pulmonary artery carrying arteries
blood to the lungs to head

pulmonary | N TN
circulation | / i \\
| .I.I |
i T P9
L lungs )

pulmonary vein canrying —=
blood back to the heart
L1 -—4/

- — ~ o systemic
circulation

p——

heart — the pump .
which forces blood EOI'TH-Lthe major l
d the b artery leaving
The pulmonary system pumps blood around the around the body the heart
. veins returning
lungs and the systemic system pumps blood to the heart ;:tegie;;o -
e e bo |
around the rest of the body. AR e’
NS
:Ideoxygenated blood - \
o ted blood capillary beds in tissue
oxygenated bloo
external layer
of tough tissue
The middle layers of
the artery wall contain
elastic fibres and smooth .
s, arteies nerest Arteries carry blood away from the heart. The
fibres,those further from vessel walls are thick and muscular with elastic

the heart have a greater

Smoath lining allows
easiest possible flow
of blood.

Lumen is small when
artery unstretched
flow of blood from heart.

relatively thin layer of

poportion of musce v, fibres to withstand the high pressure generated by
the heart.

smooth inner smooth muscle with
surface flow elastic fibres Veins carry blood from capillary beds back to the
T T heart. The blood is at low pressure and the walls of
the vessels are relatively thin with less elastic
fibre. The contraction of muscles help push the
blood though veins and the vessels have valves to
outer tough layer prevent backflow.

consisting mainby
of collagen fibres
relatively large lumen

ial oxygen and A - .
ot carbon dioxide edmolecules  Capillaries are thin vessels that form capillary
networks around tissues. They allow the exchange
of substances such as oxygen, glucose and waste
materials between cells and the blood.
capillary wall

(epithelial cells)



Scientific terms use common prefixes. Find out the definition/meaning of the prefixes
shown in the table.

Word/prefix Definition/meaning

endo

(S)(0]

pulmonary

cardiac

hepatic

mono

di

photo

haem

bio

chemo
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Candidates frequently lose marks in examinations because they do
not use sufficient key words in detailed responses.

Read the responses to the questions below. Using the keywords from the box write
improved answers to the questions.

concentration capillaries vein
diffusion thin semi-lunar
right pulmonary valve
gradient atrioventricular left
aorta vena cava artery
thick 0smosis

1 Explain how oxygen enters the blood at the alveoli.

In the alveolus oxygen from the air moves into the blood vessels through the walls of
the alveolus. The blood is moving so there is always a low concentration in the blood.

2 Describe the route blood takes from the lungs to the body.

Blood from the lungs blood travels through a vein to the atrium. The blood is
pumped from the atrium into the ventricle and then into the aorta.



1 a Write a definition for each key word in the box. If possible give a structural
feature for each key word.

atria ventricles aorta vena cava pulmonary artery
pulmonary vein atrioventricular valves septum
semi-lunar valves diastole systole

atria:

ventricles:

aorta:

vena cava:

pulmonary artery:

pulmonary vein:

atrioventricular valves:

septum:

semi-lunar valves:

diastole:

systole:
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b Label this diagram of the heart using as many of the key words from 1 a
as possible.

Right side Left side

¢ Use the keywords from 1 a in your answers to the following questions.

i Explain why the left ventricles has thicker chamber walls than the right
ventricle and the atriums.

ii Describe the role of the atrioventricular valves.



2 This flow diagram shows the part of the circulation system in a mammal.

Lungs
Blood
vessel B
Blood vessel A

Heart

Blood vessel C

a Complete a table to show conditions of blood vessel A, B and C.

Blood Type of Level of Relative
vessel vessel oxygen pressure
saturation of the
blood
A
C

Valves Thickness

present in of blood

the vessel vessel
walls

b Draw a line on the axis to show the blood pressure changes in the blood as it
flows from the heart to the lungs before returning to the heart.

Blood pressure

Heart Blood Blood
vessel A vessel B

v

Blood Heart
vessel C
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Amoeba is a single-celled aquatic organism. Substances in the water can enter the
cell by a variety of mechanisms.

An experiment was carried out to compare the uptake into Amoeba of substance A
and substance B.

Some of these organisms were placed in a solution containing equal concentrations of
both substances and kept at 25°C.

The concentration of substances A and B, in the cytoplasm of these organisms, was
measured every 30 minutes over a period of 5 hours.

The results of this experiment are shown in the graph below.

15
Substance A

—
L=
|

L
|

Substance B

Concentration of substance in
cytoplasm/ug cm™?

0 T T T T |
0 1 2 3 4 5

Time / hours

a Using the information in the graph, compare the uptake of substance A with the
uptake of substance B during this period of 5 hours.

b Substance B enters the cells by diffusion. Describe and explain how the results of
this experiment support this statement.

¢ Substance A enters the cells by active transport. Give two differences between
active transport and diffusion.

1



GCSE to AS Biology A - Reinforcing knowledge, skills and literacy in Biology

The purpose of this document is to demonstrate the overlap between GCSE and GCE. For an effective progression
through to KS5, it will be useful if centres establish a baseline point from which to build on. As teachers we
sometimes fall in the trap of going over the work that has already been covered extensively at KS4; either because
we feel that during the summer break students might have forgotten what they have been taught, or, if they are
from different centres, they have not been taught to a good standard. This is where we lose valuable teaching time
and end up rushing through the actual KS5 content. The mapping document should enable teachers to streamline the
teaching and get to the KS5 content within the first two weeks of term. This will serve two purposes:

a) learners will actually feel they are learning something new and not get bored with over repetition
(particularly the most able learners)

b) learners will be able to discover very early on in the course whether Biology A-Level is really a
suitable subject choice for them.

The following are some suggestions for how to use this resource:
1) post KS4 exams - if your school brings back the Yrlls after their exams
2) induction weeks at the start of 6t Form
3) setting summer homework in preparation for 6t Form

4) levelling the baseline of all students from their range of KS4 qualifications.
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GCSE to AS Biology A - Reinforcing knowledge, skills and literacy in Biology

GCSE statements marked with a B are additional content for single science biology only. All other statements are

covered in combined science as well as biology.

GCSE statements in bold are higher content only

Topic 1- Lifestyle, Health and Risk 9 - 1 GCSE
1.1 Understand why many animals have a heart and 8.1 Describe the need to transport substances into and out of a range of
circulation (mass transport to overcome limitations of organisms, including oxygen, carbon dioxide, water, dissolved food
diffusion in meeting the requirements of organisms). molecules, mineral ions and urea
8.2 Explain the need for exchange surfaces and a transport system in
multicellular organisms including the calculation of surface area :
volume ratio
1.3 Understand how the structures of blood vessels 8.7 Explain how the structure of the blood vessels is related to their
(capillaries, arteries and veins) relate to their functions. function
1.4 i) Know the cardiac cycle (atrial systole, ventricular 8.8 Explain how the structure of the heart and circulatory system is
systole and cardiac diastole) and relate the structure and related to its function, including the role of the major blood vessels,
operation of the mammalian heart, including the major the valves and the relative thickness of chamber walls
blood vessels, to its function.
i) Know how the relationship between heart structure
and function can be investigated practically.
1.6 Understand the blood-clotting process (thromboplastin 8.6 Explain how the structure of the blood is related to its function:
release, conversion of prothrombin to thrombin and a) red blood cells (erythrocytes)
fibrinogen to fibrin) and its role in cardiovascular disease b hite blood cell h d h
(CVD). ) white blood cells (phagocytes and lymphocytes)
c) plasma
d) platelets




5.25 Evaluate some different treatments for cardiovascular disease,
including:
a) life-long medication
b) surgical procedures
c) lifestyle changes

1.8 Be able to analyse and interpret quantitative data on
illness and mortality rates to determine health risks,
including distinguishing between correlation and
causation and recognising conflicting evidence.

1.13 Know how monosaccharides join to form disaccharides
(sucrose, lactose and maltose) and polysaccharides
(glycogen and amylose) through condensation reactions
forming glycosidic bonds, and how these can be split
through hydrolysis reactions.

1.12 Explain the importance of enzymes as biological catalysts in the
synthesis of carbohydrates, proteins and lipids and their breakdown
into sugars, amino acids and fatty acids and glycerol

1.14 i) Know how a triglyceride is synthesised by the formation
of ester bonds during condensation reactions between
glycerol and three fatty acids.

ii) Know the differences between saturated and
unsaturated lipids.

1.12 Explain the importance of enzymes as biological catalysts in the
synthesis of carbohydrates, proteins and lipids and their breakdown
into sugars, amino acids and fatty acids and glycerol

1.16 Understand how people use scientific knowledge about
the effects of diet, including obesity indicators, body mass
index and waist-to-hip ratio, exercise and smoking to
reduce their risk of coronary heart disease.

5.24 Explain the effect of lifestyle factors on non-communicable diseases
at local, national and global levels, including:

a) exercise and diet on obesity and malnutrition, including:
BMI and waist : hip calculations, using the BMI equation:

BMI = mass (kg) / (height (m))?
b) alcohol on liver diseases
c) smoking on cardiovascular diseases

CORE PRACTICAL 1: Investigate the effect of caffeine on heart
rate in daphnia.
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Topic 2 - Genes and health 9 - 1 GCSE

2.1 i) Know the properties of gas exchange surfaces in living 8.2 Explain the need for exchange surfaces and a transport system in
organisms (large surface area to volume ratio, thickness multicellular organisms including the calculation of surface area :
of surface, difference in concentration). volume ratio
i) Understand how the rate of diffusion is dependent on 8.3 Explain how alveoli are adapted for gas exchange by diffusion
these properties and can be calculated using Fick’s Law of between air in the lungs and blood in capillaries
Diffusion. 8.4B Describe the factors affecting the rate of diffusion, including surface
iii) Understand how the structure of the mammalian lung area, concentration gradient and diffusion distance
is adapted for rapid gaseous exchange. 8.5B Calculate the rate of diffusion using Fick’s law:

rate of diffusion o surface area x concentration difference
thickness of membrane

2.2 i) Know the structure and properties of cell membranes. 1.1 Explain how the sub-cellular structures of eukaryotic and
of cell membranes are interpretations of data used to a) animal cells - nucleus, cell membrane, mitochondria and ribosomes
develop scientific explanations of the structure and b) plant cells - nucleus, cell membrane, cell wall, chloroplasts,
properties of cell membranes. mitochondria, vacuole and ribosomes

c) bacteria - chromosomal DNA, plasmid DNA, cell membrane,
ribosomes and flagella

2.3 Understand what is meant by osmosis in terms of the 1.15 Explain how substances are transported into and out of cells,
movement of free water molecules through a partially including by diffusion, osmosis and active transport
not required). 1.17 Calculate percentage gain and loss of mass in osmosis

2.4 i) Understand what is meant by passive transport 1.15 Explain how substances are transported into and out of cells,

(diffusion, facilitated diffusion), active transport (including
the role of ATP as an immediate source of energy),
endocytosis and exocytosis.

i) Understand the involvement of carrier and channel
proteins in membrane transport.

including by diffusion, osmosis and active transport




2.5 i) Know the basic structure of mononucleotides 3.4 Describe DNA as a polymer made up of:
(deoxyribose or ribose linked to a phosphate and a base, a) two strands coiled to form a double helix
Including thymine, uracil, cytosine, adenine or guanine) b) strands linked by a series of complementary base pairs joined
and the structures of DNA and RNA (polynucleotides Y P Y P ]
. ) together by weak hydrogen bonds
composed of mononucleotides linked through i _ )
condensation reactions). c) nucleotides that consist of a sugar and phosphate group with one of
. . the four different bases attached to the sugar
ii) Know how complementary base pairing and the
hydrogen bonding between two complementary strands
are involved in the formation of the DNA double helix.

2.6 i) Understand the process of protein synthesis 3.7B Explain how the order of bases in a section of DNA decides
(transcription) including the role of RNA polymerase, the order of amino acids in the protein and that these fold to
translation, messenger RNA, transfer RNA, ribosomes and produce specifically shaped proteins such as enzymes
the role of start and stop codons. 3.8B Describe the stages of protein synthesis, including
i) Understand the roles of the DNA template (antisense) transcription and translation:
strand in transcription, codons on messenger RNA and a) RNA polymerase binds to non-coding DNA located in front
anticodons on transfer RNA. of a gene

b) RNA polymerase produces a complementary mRNA
strand from the coding DNA of the gene

c) the attachment of the mRNA to the ribosome

d) the coding by triplets of bases (codons) in the mRNA for
specific amino acids

e) the transfer of amino acids to the ribosome by tRNA

f) the linking of amino acids to form polypeptides

2.7 Understand the nature of the genetic code (triplet code, 3.8B Describe the stages of protein synthesis, including
non-overlapping and degenerate). transcription and translation:

a) RNA polymerase binds to non-coding DNA located in front
of a gene

b) RNA polymerase produces a complementary mRNA
strand from the coding DNA of the gene

c) the attachment of the mRNA to the ribosome
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d) the coding by triplets of bases (codons) in the mRNA for
specific amino acids

e) the transfer of amino acids to the ribosome by tRNA
f) the linking of amino acids to form polypeptides

2.8 Know that a gene is a sequence of bases on a DNA
molecule that codes for a sequence of amino acids in a
polypeptide chain.

3.7B

3.13

Explain how the order of bases in a section of DNA decides
the order of amino acids in the protein and that these fold to
produce specifically shaped proteins such as enzymes
Explain the terms: chromosome, gene, allele, dominant, recessive,
homozygous, heterozygous, genotype, phenotype, gamete and
zygote

2.10 i) Understand the mechanism of action and the specificity
of enzymes in terms of their three-dimensional structure.
i) Understand that enzymes are biological catalysts that
reduce activation energy.
iii) Know that there are intracellular enzymes catalysing
reactions inside cells and extracellular enzymes produced
by cells catalysing reactions outside of cells.

1.7

1.8

1.9

1.11

Explain the mechanism of enzyme action including the active site
and enzyme specificity

Explain how enzymes can be denatured due to changes in the shape
of the active site

Explain the effects of temperature, substrate concentration and pH
on enzyme activity

Demonstrate an understanding of rate calculations for enzyme
activity

CORE PRACTICAL 4: Investigate the effect of enzyme and
substrate concentrations on the initial rates of reactions.

1.10

Core practical: Investigate the effect of pH on enzyme activity

2.12 i) Understand how errors in DNA replication can give rise
to mutations.

ii) Understand how cystic fibrosis results from one of a
number of possible gene mutations.

3.22

3.23

State that there is usually extensive genetic variation within a
population of a species and that these arise through mutations

State that most genetic mutations have no effect on the phenotype,
some mutations have a small effect on the phenotype and, rarely, a
single mutation will significantly affect the phenotype




wall, capsule, plasmid, flagellum, pili, ribosomes,
mesosomes and circular DNA.

2.13 i) Know the meaning of the terms: gene, allele, genotype, | 3.12 Explain why there are differences in the inherited characteristics as
phenotype, recessive, dominant, incomplete dominance, a result of alleles
homozygote and heterozygote. 3.13 Explain the terms: chromosome, gene, allele, dominant, recessive,
ii) Understand patterns of inheritance, including the homozygous, heterozygous, genotype, phenotype, gamete and
interpretation of genetic pedigree diagrams, in the zygote
context of monohybrid inheritance. 3.14 Explain monohybrid inheritance using genetic diagrams, Punnett
squares and family pedigrees
3.16 Calculate and analyse outcomes (using probabilities, ratios and
percentages) from monohybrid crosses and pedigree analysis for
dominant and recessive traits
2.14 Understand how the expression of a gene mutation in
people with cystic fibrosis impairs the functioning of the
gaseous exchange, digestive and reproductive systems.
2.15 i) Understand the uses of genetic screening, including the
identification of carriers, pre-implantation genetic
diagnosis (PGD) and prenatal testing, including
amniocentesis and chorionic villus sampling.
ii) Understand the implications of prenatal genetic
screening.
Topic 3 — Voice of the genome 9 - 1 GCSE
3.2 Know the ultrastructure of eukaryotic cells, including 1.1 Explain how the sub-cellular structures of eukaryotic and
nucleus, nucleolus, ribosomes, rough and smooth prokaryotic cells are related to their functions, including:
endoplasmic reticulum, mitochondria, centrioles, a) animal cells - nucleus, cell membrane, mitochondria and ribosomes
lysosomes, and Golgi apparatus.
b) plant cells - nucleus, cell membrane, cell wall, chloroplasts,
mitochondria, vacuole and ribosomes
3.4 Know the ultrastructure of prokaryotic cells, including cell | 1.1 Explain how the sub-cellular structures of eukaryotic and

prokaryotic cells are related to their functions, including:
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c) bacteria - chromosomal DNA, plasmid DNA, cell membrane,
ribosomes and flagella

3.5 Be able to recognise the organelles in 3.2 from electron 1.6 Core practical: Investigate biological specimens using microscopes,
microscope (EM) images. including magnification calculations and labelled scientific drawings

from observations

3.6 Understand how mammalian gametes are specialised for 1.2 Describe how specialised cells are adapted to their function,
their functions (including the acrosome in sperm and the including:
zona pellucida in the egg). a) sperm cells - acrosome, haploid nucleus, mitochondria and tail

b) egg cells - nutrients in the cytoplasm, haploid nucleus and
changes in the cell membrane after fertilisation

3.7 Know the process of fertilisation in mammals, including 1.2 Describe how specialised cells are adapted to their function,
the acrosome reaction, the cortical reaction and the including:
fusion of nuclei. a) sperm cells - acrosome, haploid nucleus, mitochondria and tail

b) egg cells — nutrients in the cytoplasm, haploid nucleus and
changes in the cell membrane after fertilisation

3.8 i) Know that a locus (loci) is the location of genes on a 3.18B Explain how sex-linked genetic disorders are inherited
chromosome.

ii) Understand the linkage of genes on a chromosome and
sex linkage.

3.9 Understand the role of meiosis in ensuring genetic 3.3 Explain the role of meiotic cell division, including the production of
variation through the production of non-identical gametes four daughter cells, each with half the number of chromosomes, and
as a consequence of independent assortment of that this results in the formation of genetically different haploid
chromosomes and crossing over of alleles between gametes The stages of meiosis are not required
chromatids (details of the stages of meiosis are not 3.20 Describe the causes of variation that influence phenotype,

required).

including:
a) genetic variation - different characteristics as a result of
mutation and sexual reproduction




differential gene expression, producing active mRNA
leading to synthesis of proteins, which in turn control cell
processes or determine cell structure in animals and
plants, including lac operon.

3.10 Understand the role of mitosis and the cell cycle in 2.1 Describe mitosis as part of the cell cycle, including the stages
producing identical daughter cells for growth and asexual interphase, prophase, metaphase, anaphase and telophase and
reproduction. cytokinesis

2.2 Describe the importance of mitosis in growth, repair and asexual
reproduction

2.3 Describe the division of a cell by mitosis as the production of two
daughter cells, each with identical sets of chromosomes in the
nucleus to the parent cell, and that this results in the formation of
two genetically identical diploid body cells

CORE PRACTICAL 5: Prepare and stain a root tip squash to 2.1 Describe mitosis as part of the cell cycle, including the stages

observe the stages of mitosis. interphase, prophase, metaphase, anaphase and telophase and

cytokinesis

3.11 i) Understand what is meant by the terms ‘stem cell, 2.6 Explain the importance of cell differentiation in the development of
pluripotency and totipotency’. specialised cells
ii) Be able to discuss the way society uses scientific 2.8 Describe the function of embryonic stem cells, stem cells in animals
knowledge to make decisions about the use of stem cells and meristems in plants
in medical therapies. 2.9  Discuss the potential benefits and risks associated with the use of

stem cells in medicine

3.12 Understand how cells become specialised through 3.9B Describe how genetic variants in the non-coding DNA of a

gene can affect phenotype by influencing the binding of RNA
polymerase and altering the quantity of protein produced

3.13 Understand how the cells of multicellular organisms are
organised into tissues, tissues into organs and organs

into systems.

3.14 i) Understand how phenotype is the result of an

interaction between genotype and the environment.

3.20 Describe the causes of variation that influence phenotype, including:

a) genetic variation - different characteristics as a result of
mutation and sexual reproduction
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i) Know how epigenetic changes, including DNA
methylation and histone modification, can modify the
activation of certain genes.

iii) Understand how epigenetic changes can be passed on
following cell division.

b) environmental variation - different characteristics caused by
an organism’s environment (acquired characteristics)

3.15 Understand how some phenotypes are affected by 3.19 State that most phenotypic features are the result of multiple genes
multiple alleles for the same gene at many loci (polygenic rather than single gene inheritance
inheritance) as well as the environment and how this can
give rise to phenotypes that show continuous variation.
Topic 4 - Exchange and transport 9 - 1 GCSE
4.1 Know that over time the variety of life has become 9.9 Explain the positive and negative human interactions within
extensive but is now being threatened by human activity ecosystems and their impacts on biodiversity, including:
a) fish farming
b) introduction of non-indigenous species
c) eutrophication
4.3 Understand the concept of niche and be able to discuss 6.14B Explain how plants are adapted to survive in extreme environments
examples of adaptation of organisms to their environment including the effect of leaf size and shape, the cuticle and stomata
(behavioural, physiological and anatomical).
4.4 Understand how natural selection can lead to adaptation 4.1B Describe the work of Darwin and Wallace in the development of the
and evolution. theory of evolution by natural selection and explain the impact of
these ideas on modern biology
4.2 Explain Darwin’s theory of evolution by natural selection
4.3 Explain how the emergence of resistant organisms supports

Darwin’s theory of evolution including antibiotic resistance in
bacteria




4.5 i) Understand how the Hardy-Weinberg equation can be
used to see whether a change in allele frequency is
occurring in a population over time.

ii) Understand that reproductive isolation can lead to
accumulation of different genetic information in
populations potentially leading to the formation of new
species.

4.6 i) Understand that classification is a means of organising 4.7 Describe how genetic analysis has led to the suggestion of the three
the variety of life based on relationships between domains rather than the five kingdoms classification method
organisms using differences and similarities in
phenotypes and in genotypes, and is built around the
species concept.

ii) Understand the process and importance of critical
evaluation of new data by the scientific community, which
leads to new taxonomic groupings, including the three
domains of life based on molecular phylogeny, which are
Bacteria, Archaea, Eukaryota

4.7 Know the ultrastructure of plant cells (cell walls, 1.1 Explain how the sub-cellular structures of eukaryotic and
chloroplasts, amyloplasts, vacuole, tonoplast, prokaryotic cells are related to their functions, including:
plasmodesmata, pits and middle lamella) and be able to b) plant cells - nucleus, cell membrane, cell wall, chloroplasts,
compare it with animal cells. mitochondria, vacuole and ribosomes

4.8 Be able to recognise the organelles in 4.7 from electron 1.6 Core practical: Investigate biological specimens using microscopes,
microscope (EM) images. including magnification calculations and labelled scientific drawings

from observations

4.10 Understand how the arrangement of cellulose microfibrils | 6.8 Explain how the structures of the xylem and phloem are adapted to

and secondary thickening in plant cell walls contributes to their function in the plant, including:

the physical properties of xylem vessels and _ a) lignified dead cells in xylem transporting water and minerals
sclerenchyma fibres in plant fibres that can be exploited through the plant

by humans.

b) living cells in phloem using energy to transport sucrose around
the plant
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CORE PRACTICAL 6: Identify sclerenchyma fibres, phloem sieve
tubes and xylem vessels and their location within stems through
a light microscope.

4.11 Know the similarities and differences between the 6.8 Explain how the structures of the xylem and phloem are adapted to
structures, position in the stem and function of their function in the plant, including:
sclerenchyma fibres (support), xylem vessels (support a) lignified dead cells in xylem transporting water and minerals
and transport of water and mineral ions) and phloem through the plant
(translocation of organic solutes). . . .
b) living cells in phloem using energy to transport sucrose around
the plant
4.14 Understand the conditions required for bacterial growth. 5.18B Core practical: Investigate the effects of antiseptics, antibiotics or
plant extracts on microbial cultures
CORE PRACTICAL 9: Investigate the antimicrobial properties of 5.17B Explain the aseptic techniques used in culturing microorganisms in
plants, including aseptic techniques for the safe handling of the laboratory, including the use of an autoclave to prepare sterile
bacteria growth medium and petri dishes, the use of sterile inoculating loops
to transfer microorganisms and the need to keep petri dishes and
culture vials covered
5.18B Core practical: Investigate the effects of antiseptics, antibiotics or

plant extracts on microbial cultures




GCSE to AS Biology B - Reinforcing knowledge, skills and literacy in Biology

The purpose of this document is to demonstrate the overlap between GCSE and GCE. For an effective progression
through to KS5, it will be useful if centres establish a baseline point from which to build on. As teachers we
sometimes fall in the trap of going over the work that has already been covered extensively at KS4 either because
we feel that during the summer break students might have forgotten what they had been taught, or, if they are from
different centres, they have not been taught to a good standard. This is where we lose valuable teaching time and
end up rushing through the actual KS5 content. The mapping document should enable teachers to streamline the
teaching and get on to the KS5 content within the first two weeks of term. This will serve two purposes:

a) learners will actually feel they are learning something new and not get bored with over repetition
(particularly the most able learners)

b) learners will be able to discover very early on in the course whether Biology A-Level is really a
suitable subject choice for them.

The following are some suggestions for how to use this resource:
1) post KS4 exams, if your school brings back the Yrl1ls after their exams
2) induction weeks at the start of 6™ Form
3) setting summer homework in preparation for 6t Form

4) levelling the baseline of all students from their range of KS4 qualifications.
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GCSE to AS Biology B - Reinforcing knowledge, skills and literacy in Biology

GCSE statements marked with a B are additional content for single science biology only. All other statements are
covered in combined science as well as biology.

GCSE statements in bold are higher content only

Topic 1- Biological molecules

9 - 1 GCSE

1.1
i

Carbohydrates

Know the difference between monosaccharides,
disaccharides and polysaccharides.

Know the structure of the hexose glucose (alpha and
beta) and the pentose ribose.

Understand how monosaccharides (glucose, fructose,
galactose) join to form disaccharides (sucrose, lactose
and maltose) and polysaccharides (starch formed from
amylose and amylopectin; glycogen) through
condensation reactions forming glycosidic bonds, and how
these can be split through hydrolysis reactions.

Understand how the structure of glucose, starch,
glycogen and cellulose relates to their function.

1.12 Explain the importance of enzymes as biological catalysts in the
synthesis of carbohydrates, proteins and lipids and their breakdown
into sugars, amino acids and fatty acids and glycerol

Lipids

Understand how a triglyceride is synthesised including the
formation of ester bonds during condensation reactions
between glycerol and three fatty acids.

Know the differences between saturated and unsaturated
lipids.

Understand how the structure of lipids relates to their role
in energy storage, waterproofing and insulation.

1.12 Explain the importance of enzymes as biological catalysts in the
synthesis of carbohydrates, proteins and lipids and their breakdown
into sugars, amino acids and fatty acids and glycerol




iv Understand how the structure and properties of
phospholipids relate to their function in cell membranes.
1.3 Proteins 1.12 Explain the importance of enzymes as biological catalysts in the
i Know the structure of an amino acid (structures of synthesis of carbohydrates, proteins and lipids and their breakdown
specific amino acids are not required). into sugars, amino acids and fatty acids and glycerol
i Understand the formation of polypeptides and proteins
(as amino acid monomers linked by peptide bonds in
condensation reactions).
iii Understand the role of ionic, hydrogen and disulphide
bonding in the structure of proteins.
iv Understand the significance of the primary, secondary,
tertiary and quaternary structure of a protein in
determining the properties of fibrous and globular
proteins, including collagen and haemoglobin.
\Y% Understand how the structure of collagen and
haemoglobin are related to their function.
1.4 DNA and protein synthesis 3.4 Describe DNA as a polymer made up of:
i Know the structure of DNA, including the structure of the | a two strands coiled to form a double helix
nucleotides (purines and pyrimidines), base pairing, the b strands linked by a series of complementary base pairs joined
two sugar-phosphate backbones, phosphodiester bonds together by weak hydrogen bonds
and hydrogen bonds. . . .
. ) _ _ _ c nucleotides that consist of a sugar and phosphate group with one of
including the role ?f DNA helicase, polymerase and ligase. 3.7B Explain how the order of bases in a section of DNA decides the
i Know that a gene is a sequence of bases on a DNA order of amino acids in the protein and that these fold to
moIecuIe_ codmg- for a sequence of amino acids in a produce specifically shaped proteins such as enzymes
_ polypeptide chain. _ ) _ 3.8B Describe the stages of protein synthesis, including
Ezt_r;zrs phosphate backbone and the role of hydrogen a RNA polymerase binds to non-coding DNA located in
) ) _ ) front of a gene
Y Know the structure of tRNA, including nucleotides, the
role of hydrogen bonds and the anticodon.
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Vi Understand the processes of transcription in the nucleus b RNA polymerase produces a complementary mRNA
and translation at the ribosome, including the role of strand from the coding DNA of the gene
sense and anti-sense DNA, mRNA, tRNA and the c  the attachment of the mRNA to the ribosome

. ribosomes. _ ) ) d the coding by triplets of bases (codons) in the mRNA for

vii Understand the nature of the genetic code, including specific amino acids
triplets coding for amino aC|d§, start and stop codons, e the transfer of amino acids to the ribosome by tRNA
degenerate and non-overlapping nature, and that not all o . ) ]
the genome codes for proteins. f the linking of amino acids to form polypeptides

vii_  Understand the term gene mutation as illustrated by base | 3-10B Describe how genetic variants in the coding DNA of a
deletions, insertions and substitutions. gene can affect phenotype by altering the sequence of

i Understand the effect of point mutations on amino acid amino acids and therefore the activity of the protein produced
sequences, as illustrated by sickle cell anaemia in 3.23 State that most genetic mutations have no effect on the phenotype,
humans. some mutations have a small effect on the phenotype and, rarely, a

single mutation will significantly affect the phenotype

1.5 Enzymes 1.7 Explain the mechanism of enzyme action including the active site and

i Know the structure of enzymes as globular proteins. enzyme specificity

i Understand the concepts of specificity and the induced fit | 1.8 Explain how enzymes can be denatured due to changes in the shape
hypothesis. of the active site

iii Understand that enzymes are catalysts that reduce 1.9 Explain the effects of temperature, substrate concentration and pH on
activation energy. enzyme activity
concentration affect the rate of enzyme activity. 1.11 Demonstrate an understanding of rate calculations for enzyme activity

CORE PRACTICAL 1: Investigate a factor affecting the initial rate
of an enzyme- controlled reaction.

\Y

Vi

vii

Understand how the initial rate of enzyme activity can be
measured and why this is important.

Understand how enzymes can be affected by competitive,
non-competitive and end-product inhibition.

Know that enzymes catalyse a wide range of intracellular
reactions as well as extracellular ones.




1.6 Inorganicions
i Understand the role in plants of:

nitrate ions — to make DNA and amino acids
calcium ions - to form calcium pectate for the
middle lamellae

e magnesium ions - to produce chlorophyll

e phosphate ions - to make ADP and ATP.

Topic 2 - Cells, Viruses and Reproduction of Living 9 - 1 GCSE
Things
2.1 Eukaryotic and prokaryotic cell structure and 1.1 Explain how the sub-cellular structures of eukaryotic and prokaryotic
function cells are related to their functions, including:
i Understand that cell theory is a unifying concept that a animal cells — nucleus, cell membrane, mitochondria and
states that cells are a fundamental unit of structure, ribosomes
function and organisation in all living organisms. b plant cells - nucleus, cell membrane, cell wall, chloroplasts,
i Understand that in complex organisms, cells are mitochondria, vacuole and ribosomes
organised into tissues, organs, and organ systems. c bacteria - chromosomal DNA, plasmid DNA, cell membrane,
iii Know the ultrastructure of prokaryotic cells and the ribosomes and flagella

structure of organelles, including: nucleoid, plasmids, 70S | 1.3 Explain how changes in microscope technology, including electron
ribosomes and cell wall. microscopy, have enabled us to see cell structures and organelles with

iv Be able to distinguish between Gram positive and Gram more clarity and detail than in the past and increased our
negative bacterial cell walls and understand why each understanding of the role of sub-cellular structures
type reacts differently to some antibiotics. 1.6 Core Practical: Investigate biological specimens using microscopes,
% Know the ultrastructure of eukaryotic cells and the including magnification calculations and labelled scientific drawings
functions of organelles, including: nucleus, nucleolus, 80S from observations

ribosomes, rough and smooth endoplasmic reticulum,
mitochondria, centrioles, lysosomes, Golgi apparatus, cell
wall, chloroplasts, vacuole and tonoplast.

Vi Know how magnification and resolution can be achieved
using light and electron microscopy.
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vii

Understand the importance of staining specimens in
microscopy.

CORE PRACTICAL 2: Use of the light microscope, including
simple stage and eyepiece micrometers and drawing small
numbers of cells from a specialised tissue.

2.3
i

Eukaryotic cell cycle and division

Know that the cell cycle is a regulated process in which
cells divide into two identical daughter cells, and that this
process consists of three main stages: interphase, mitosis
and cytokinesis.

Understand what happens to genetic material during the
cell cycle, including the stages of mitosis.

Understand how mitosis contributes to growth, repair and
asexual reproduction.

CORE PRACTICAL 3: Make a temporary squash preparation of a
root tip to show stages of mitosis in the meristem under the light
microscope.

iv

Understand how meiosis results in haploid gametes,
including the stages of meiosis.

2.1

2.2

2.3

2.5

3.3

Describe mitosis as part of the cell cycle, including the stages
interphase, prophase, metaphase, anaphase and telophase and
cytokinesis

Describe the importance of mitosis in growth, repair and asexual
reproduction

Describe the division of a cell by mitosis as the production of two
daughter cells, each with identical sets of chromosomes in the nucleus
to the parent cell, and that this results in the formation of two
genetically identical diploid body cells

Describe growth in organisms, including:

a cell division and differentiation in animals

b cell division, elongation and differentiation in plants

Explain the role of meiotic cell division, including the production of
four daughter cells, each with half the number of chromosomes, and

% Understand that meiosis results in genetic variation that this results in the formation of genetically different haploid
through recombination of alleles, including independent gametes
assortment and crossing over. The stages of meiosis are not required
Vi Understand what chromosome mutations are, as
illustrated by translocations.
vii Understand how non-disjunction can lead to polysomy,
including Down’s syndrome, and monosomy, including
Turner’s syndrome.
2.4 Sexual reproduction in mammals

Understand the process of oogenesis and
spermatogenesis.




Understand the events of fertilisation from the first
contact between the gametes to the fusion of nuclei.

Understand the early development of the embryo to
blastocyst stage.

Topic 3 - Classification and Biodiversity

9 - 1 GCSE

3.1
i

Vi

Vii

Classification

Know that the classification system consists of a hierarchy
of domain, kingdom, phylum, class, order, family, genus
and species.

Understand the limitations of the definition of a species as a
group of organisms with similar characteristics that
interbreed to produce fertile offspring.

Understand why it is often difficult to assign organisms to
any one species or to identify new species.

Understand how gel electrophoresis can be used to
distinguish between species and determine evolutionary
relationships.

Know that DNA sequencing and bioinformatics can be used
to distinguish between species and determine evolutionary
relationships.

Understand the role of scientific journals, the peer review
process and scientific conferences in validating new
evidence supporting the accepted scientific theory of
evolution.

Understand the evidence for the three-domain model of
classification as an alternative to the five-kingdom model
and the role of the scientific community in validating this
evidence.

4.7 Describe how genetic analysis has led to the suggestion of the three
domains rather than the five kingdoms classification method

3.2

Natural selection

4.1B Describe the work of Darwin and Wallace in the development
of the theory of evolution by natural selection and explain the
impact of these ideas on modern biology
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i Understand how evolution can come about through 4.2 Explain Darwin’s theory of evolution by natural selection
natural selection acting on variation bringing about 4.3 Explain how the emergence of resistant organisms supports Darwin’s
adaptations. theory of evolution including antibiotic resistance in Bacteria
i Understand how organisms occupy niches according to 4.4 Describe the evidence for human evolution, based on fossils,
physiological, behavioural and anatomical adaptations. including:
iii Understand how reproductive isolation can lead to a Ardi from 4.4 million years ago
allopatric and sympatric speciation. -
) ) ) b Lucy from 3.2 million years ago
iv Understand that there is an evolutionary race between o . -
- C Leakey’s discovery of fossils from 1.6 million years ago
pathogens and the development of medicines to treat the ) _ )
diseases they cause. 4.5 Describe the evidence for human evolution based on stone tools,
including:
a the development of stone tools over time
b how these can be dated from their environment
4.6B Describe how the anatomy of the pentadactyl limb provides
scientists with evidence for evolution
Topic 4 - Exchange and transport 9 - 1 GCSE
4.2 Cell transport mechanisms 1.15 Explain how substances are transported into and out of cells, including
i Know the structure of the cell surface membrane with by diffusion, osmosis and active transport
reference to the fluid mosaic model. 1.16 Core Practical: Investigate osmosis in potatoes
i Understand how passive transport is brought about by: 1.17 Calculate percentage gain and loss of mass in osmaosis
. diffusion
. facilitated diffusion (through carrier proteins and
protein channels)
J 0Smosis.
iii Understand how the properties of molecules affects how
they are transported, including solubility, size and charge.
iv Know that large molecules can be transported into and

out of cells through the formation of vesicles, in the
processes of endocytosis and exocytosis.




CORE PRACTICAL 5: Investigate the effect of temperature on
beetroot membrane permeability.

CORE PRACTICAL 6: Determine the water potential of a plant
tissue.

Water potential = turgor pressure + osmotic potential

y=P+n
\Y% Understand the process of active transport, including the
role
of ATP.
Vi Know that phosphorylation of ADP requires energy and

that hydrolysis of ATP provides an accessible supply of
energy for biological processes.

4.3 Gas exchange

i Understand how insects, fish and mammals are adapted
for gas exchange.

CORE PRACTICAL 7: Dissect an insect to show the structure of

the gas exchange system taking into account the safe and

ethical use of organisms.

ii Understand gas exchange in flowering plants, including
the role of stomata, gas exchange surfaces in the leaf and
lenticels.

8.3 Explain how alveoli are adapted for gas exchange by diffusion between

air in the lungs and blood in capillaries
8.11 Core Practical: Investigate the rate of respiration in living organisms

6.11B Explain how the structure of a leaf is adapted for
photosynthesis and gas exchange

4.4 Circulation

i Know the structure of the heart, arteries, veins and
capillaries.

i Understand the advantages of a double circulatory
system in mammals over the single circulatory systems in
bony fish, including the facility for blood to be pumped to
the body at higher pressure and the splitting of
oxygenated and deoxygenated blood.

iii Know the sequence of events of the cardiac cycle.

8.7 Explain how the structure of the blood vessels is related to their

function

Explain how the structure of the heart and circulatory system is
related to its function, including the role of the major blood vessels,
the valves and the relative thickness of chamber walls

Explain how the structure of the blood is related to its function:
a red blood cells (erythrocytes)

b white blood cells (phagocytes and lymphocytes)

C plasma

8.8

8.6
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iv Understand myogenic stimulation of the heart, including d platelets

the roles of the sinoatrial node (SAN), atrioventricular 5.24 Explain the effect of lifestyle factors on non-communicable diseases at
node (AVN) and bundle of His. local, national and global levels, including:
pressure changes during the cardiac cycle.

Vi Know the structure of blood as plasma and blood cells, to

include erythrocytes and leucocytes (neutrophils,
eosinophils, monocytes and lymphocytes).

Vii Know the function of blood as transport, defence, and
formation of lymph and tissue fluid.

viii Understand the role of platelets and plasma proteins in
the sequence of events leading to blood clotting,
including:

) platelets form a plug and release clotting factors,
including thromboplastin

o prothrombin changes to its active form, thrombin

o soluble fibrinogen forms insoluble fibrin to cover
the wound.

iX Understand the stages that lead to atherosclerosis, its
effect on health and the factors that increase the risk of
its development.

4.7 Transportin plants 6.8 Explain how the structures of the xylem and phloem are adapted to
i Understand the structure of xylem and phloem tissues in their function in the plant, including:

relation to their role in transport. a lignified dead cells in xylem transporting water and minerals
i Understand how water can be moved through plant cells through the plant

by the apoplastic and symplastic pathways. b living cells in phloem using energy to transport sucrose around
iii Understand how the cohesion-tension model explains the the plant

transport of water from plant roots to shoots. 6.9 Explain how water and mineral ions are transported through the plant
iv Understand how temperature, light, humidity and by transpiration, including the structure and function of the stomata

movement of air affect the rate of transpiration. 6.10 Describe how sucrose is transported around the plant by translocation




% Understand the strengths and weaknesses of the mass-
flow hypothesis in explaining the movement of sugars
through phloem tissue.

CORE PRACTICAL 8: Investigate factors affecting water uptake
by plant shoots using a potometer.

6.12 Explain the effect of environmental factors on the rate of water uptake
by a plant, to include light intensity, air movement and temperature

6.13 Demonstrate an understanding of rate calculations for transpiration
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These are higher exam questions from previous Biology GCSE examinations.

They relate to the topics covered in AS Biology and can be used to refresh the knowledge
from KS4.

1 Mutations can occur in genes.
Mutations can cause genetic disorders in humans.
Phenylketonuria (PKU) is a genetic disorder caused by a gene mutation.
People with PKU produce an inactive enzyme.

The normal base sequence and the mutated base sequence which can cause PKU are
shown below.

normal base sequence ............ CTCGGCCCT
mutated base sequence ........... CTTGGCCCT

a Describe how the changes that have occurred in the mutated base sequence
produce an inactive enzyme.

(2 marks)

b Explain how the mutated base sequence will result in an inactive enzyme being
produced during protein synthesis.

(6 marks)
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2 A DNA molecule consists of two strands coiled to form a double helix.
a Describe how the two strands of a DNA molecule are linked together.

(2 marks)

b The bar chart shows the percentage of guanine and thymine in a sample of DNA.

Complete the bar chart to show the percentage of adenine and cytosine in the
sample.

100
90

percentage of B0

bases (%) 70 4

60
50

40 4

30

20

10

0
guanine thymine adenine cytosine

(2 marks)

¢ The diagram shows part of one DNA strand.

i Complete the empty boxes to show the mRNA strand coded for by this DNA
strand.

DMA strand G G C T A € T T G

mRMNA strand

(2 marks)
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ii State the maximum number of amino acids that are coded for by this DNA
strand.

(1 mark)

d Name the structure where translation occurs.

(1 mark)

3 Proteins are made up of amino acids.
a The table shows the DNA bases that code for some of the amino acids found in

proteins.
DNA bases AAA AAC CAA TAC TTC
Amino acid Phe leu val met lys

Part of the DNA coding for a protein is:

TACCAATTC

i State the order of amino acids coded for by this sequence of DNA.

(1 mark)

il These amino acids will be joined together during protein synthesis.
During which stage of protein synthesis will this take place?

(1 mark)

ili Complete the sentence by putting a cross (XI) in the box next to your answer.
Amino acids are joined together...

A at the membrane
B in the mitochondria

C in the nucleus

[ N

D at the ribosome
(1 mark)
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b DNA can code for the amino acids in the active site of an enzyme.
Explain the role of the active site of an enzyme.

(2 marks)

¢ Mutations can occur in DNA.
Describe what effect a mutation could have on the action of an enzyme.

(3 marks)
4 There are many different types of cell in the human body.
a Complete the sentence by putting a cross (X)) in the box next to your answer.

An embryonic stem cell can...

A differentiate into any type of cell ]
B differentiate into only one type of cell ]
C only be obtained from embryos ]
D only produce haploid cells B4
(1 mark)
b Describe how the structure of a red blood cell is related to its function.
(3 marks)
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¢ Describe the function of platelets.

(2 marks)

d Mitosis and meiosis are types of cell division.
Compare these two types of cell division.

(6 marks)
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5 Yeasts are microorganisms that are used in the brewing and baking industries.
The diagram shows a yeast cell.

cell wall
nucleus vacuole
cell membrane cytoplasm

a 1|1 State two ways in which the structure of this yeast cell differs from the
structure of a bacterial cell.

(2 marks)

ii Plant cells can produce glucose.
Suggest why yeast cells cannot produce glucose.

(1 mark)
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b The table shows the humber of different components found in the blood of a
healthy person and the blood of two other people.

number of components per dm? of blood

component of blood | healthy person person A person B
red blood cells | 5 310" | 6 x 10" | 3% 104
white blood cells | 7 % 10° | 5% 10" | 8 x 10"
platelets 3 x 10" 3 x 10" 3 x 10"

i Calculate the difference in the number of white blood cells per dm?3 of blood
between the healthy person and person A.

(2 marks)

ii Describe the functions of white blood cells.

(2 marks)

ili Person B has a low number of red blood cells compared to the healthy
person.

Suggest an effect this may have on person B.

(1 mark)
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6 Corals are animals that live on the sea bed.
The photograph shows some species of coral.

After fertilisation, mitosis takes place to form an embryo.
The embryo develops into new coral.

a Describe mitosis.

(3 marks)

b Describe how the embryo develops into new coral.

(3 marks)
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7 Cells in a human body can be haploid or diploid.
When an egg cell combines with a sperm cell a fertilised egg, known as a zygote, is

formed.

a Which row of the table gives correct information about the egg cell, the sperm
cell and the zygote?

Put a cross (XI) in the box next to your answer.

egg cell sperm cell zygote
diploid diploid haploid
diploid haploid diploid
haploid diploid haploid
haploid haploid diploid

(1 mark)

b The single cell of the zygote divides into two cells in 15 hours. These cells
continue to divide in this way to form an embryo.

This diagram shows an embryo with 32 cells.

Calculate the length of time it takes the single cell of the zygote to form an
embryo with 32 cells.

¢ The cells of this embryo are genetically identical.

Explain how these genetically identical cells are produced.

(2 marks)

(3 marks)
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8 a Tigers are classified as vertebrates.
The binomial name for the tiger is Panthera tigris.

i Complete the sentence by putting a cross (XI) in the box next to your answer.

The word Panthera in the tiger's binomial hame refers to its...

A class X
B genus []
C order []
D species ]
(1 mark)
il State the phylum that includes mammals such as tigers.
(1 mark)
b Bacteria are classified as prokaryotes.
State two characteristics of prokaryotes.
1
2
(2 marks)
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¢ Explain why it is difficult to classify some living organisms.

(2 marks)

d Describe how scientists classify vertebrates into different groups.

(6 marks)

© Pearson Education Ltd 2015. Copying permitted for purchasing institution only. This material is not copyright free.



9 Charles Darwin studied the variety of finches on the Galapagos Islands.
He used this information to develop his theory of evolution.
Some of the finches are shown in the diagram.

cactus
ground
finch
. scandens green grey
medium warbler warbler
large cactus tree finch woodpecker finch finch
ground (= finch £ ;
finch C. pauper (= C. olivacea C. fusca
small ' C. pallidus
ground G. conirostris
finch
o>
G. fullginosa
seed eaters Fachis Rohiier insact eaters
‘ eaters
|
ground finches tree finches warbler finches
genus Geospiza genus Canlmrhynchus genus Certhidea
|

o
commaon ancestor from the
mainland

a |1 State the genus and the species of the large cactus ground finch.

(2 marks)

ii  Suggest how the size and shape of their beaks enabled all of these types of finches to
survive.

(2 marks)
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ili Complete the sentence by putting a cross (XI) in the box next to your answer.

Darwin's finches are an example of speciation due to...

A selective breeding ]
B geographic isolation ]
C hybridisation B4
D the development of ring species X
(1 mark)
b Suggest how these species of finches could have evolved.
(3 marks)
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10 a Gas exchange in the air sacs of the lungs takes place in a similar way to gas
exchange between body cells and capillaries.

Each of these air sacs are surrounded by blood capillaries.
The diagram shows one air sac.

wall of
air sac

carbon
dioxide

red
blood
cell

i Describe how oxygen is transported from the air sac into the surrounding
blood capillary.

(2 marks)

ii Complete the sentence by putting a cross (XI) in the box next to your answer.

The blood transports oxygen to body cells.
Oxygen is used by body cells when...

A energy is released during respiration
B energy is released from carbon dioxide

C glucose is produced during respiration

I

D energy is taken in during respiration

(1 mark)
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b The graph shows how the heart rate of a person changes during and after aerobic
exercise.

150+

135+
heart rate 1204

in beats per 195
minute 004

754
60|
45+
304
15-

0 | I ] | I
0 5 15 25 35 45

time / mins

i The volume of blood leaving the heart during one heart beat at 25 minutes
is 0.07 dm3.

The person’s cardiac output can be calculated using the equation:

cardiac output = stroke volume x heart rate

Calculate the cardiac output of this person at 25 minutes.

(3 marks)

ii Explain the trend shown by the graph between 5 and 25 minutes.

(3 marks)
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¢ Anaerobic respiration takes place when the muscle cells are not supplied with

enough oxygen.
Give the word equation for anaerobic respiration.

11 This diagram shows a human heart.

_— pulmonary artery

valve

(1 mark)

a 1 Draw an arrow onto the diagram to show where oxygenated blood enters the

heart.

(1 mark)

il Suggest how the blood flowing through the pulmonary artery would be

different from the blood flowing through the aorta.

ili Describe the role of the valve labelled on the diagram.

(2 marks)

(2 marks)
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b Heart disease can significantly reduce cardiac output.
i Complete the sentence by putting a cross (XI) in the box next to your answer.

Cardiac output is the volume of blood leaving the...
A atrium every heart beat ]
B atrium every minute ]
C ventricle every heart beat []
[]

D ventricle every minute

(1 mark)

il A reduced cardiac output would affect the performance of an athlete.

Explain the effects that a reduced cardiac output would have on the muscle
cells of an athlete.

(6 marks)
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12 In an investigation, a person ran at different speeds.

The graph shows the concentration of lactic acid in the blood and the heart rate of
this person while running.
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a When the running speed is 22 km h~!, the stroke volume of the runner
is 0.18 dm?.

Calculate the cardiac output in dm3 per minute of the runner using the equation.

cardiac output = stroke volume X heart rate

(2 marks)

b Complete the sentence by putting a cross (XI) in the box next to your answer.

When the heart rate is at its maximum the concentration of lactic acid in the
blood is...

A 11.2 mmol dm=3
B 12.8 mmol dm=
C 200.0 mmol dm=
D 210.0 mmol dm=

00O 0O

(1 mark)
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¢ Complete the sentence by putting a cross (X)) in the box next to your answer.

The graph shows that...
A as the heart rate increases the concentration of lactic acid increases
B as the concentration of lactic acid increases the heart rate decreases

C the concentration of lactic acid increases as running speed increases

L1 O 0 O

D the concentration of lactic acid is not dependent on heart rate

(1 mark)

d Explain why the concentration of lactic acid changes at running speeds greater
than 18 km h=1.

(3 marks)
13 The photograph shows a blood smear from a healthy person.
AnE — Z
X
m 7‘(
a Name the two types of blood cells, X and Y, shown in the photograph.
(2 marks)
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b Complete the sentence by putting a cross (XI) in the box next to your answer.

The function of the cells labelled X is to...

A engulf bacteria ]
B produce antigens ]
C transport carbon dioxide ]
D transport oxygen ]
(1 mark)
¢ Measure the diameter of the cell labelled Z to the nearest mm.
(1 mark)
d The cell labelled Z is magnified x900.
Calculate the actual diameter of the cell labelled Z in pm.
(2 marks)
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14 a Substances in the soil are taken up by plant root hair cells.

The diagram shows the direction of movement of two substances A and B across
the cell membrane of a root hair cell.

outside cell inside cell
cell membrane

low concentration of
substance A

high concentration
of substance A

low concentration
of substance B

high concentration of
substance B

i Name process X.

(1 mark)

Name process Y.

(1 mark)

Mineral ions are taken up by the root hair cells of plants.
Name the type of vessel that transports these mineral ions through the plant.

(1 mark)
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b A student investigated osmosis in a courgette.
The photograph shows a courgette.

The student weighed pieces of courgette and placed them in five different
concentrations of sugar solution.

After one hour she dried and reweighed the pieces of courgette.
She calculated the percentage change in mass.
The graph shows the results of this investigation.

20
10—HH X
0 T | T T T
percentage 0.2 0.4 0.6 0.8 1.0
change in X
mass (%)
_]0 —
X
—-20 1 o X
-30— X
concentration of sugar solution / moles per dm?
i Draw a line of best fit on the graph. (1 mark)

il Use your line of best fit to estimate the concentration of sugar solution in
moles per dm3 that would result in no change in mass.

(1 mark)
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ili Explain why there was an increase in the mass of the courgette in the sugar
solution at 0.2 moles per dm3.

(3 marks)
15 Photograph A shows a Coleus plant that has wilted due to lack of water.
If this plant is given some water it will recover and stand upright again.
Photograph B shows the plant after it has been watered.
photograph A photograph B
a Describe how a plant takes in water from the soil.
(2 marks)
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b The soil surrounding the roots of the Coleus plant contains water with a higher
concentration of dissolved mineral ions than the plant cell vacuole.

Which row of the table gives the method of transport of mineral ions into the
plant cell of this Coleus and the type of vessel which transports mineral ions to its
leaves?

Put a cross () in the box next to your answer.

O 0O w >

[ O R O A

Method of transport into the
plant cell

Type of vessel which
transports mineral ions

Active transport Phloem
Active transport Xylem
Diffusion Phloem
Diffusion Xylem
(1 mark)
16 This diagram shows three duckweed plants in a beaker of distilled water.
cling film
duckweed
plant ==\
A
s |
distilled __I
water —T—_
Explain how the water moves into these plants.
(3 marks)
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b Salt was added to the water in the beaker to form a salt solution.

Explain how the salt solution would affect the movement of water into and out of
the plant.

(2 marks)
c Complete the sentence by putting a cross (X)) in the box next to your answer.

When the concentration of mineral ions in the soil is greater than in the root hair
cell, mineral ions are transported into the root hair cells by...

A diffusion
B osmosis

C respiration

00O O

D transpiration

(1 mark)
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