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Introduction

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS and A
Level Biology (9700), and to show how different levels of candidates’ performance (high, middle and low)
relate to the subject’s curriculum and assessment objectives.

In this booklet candidate responses have been chosen to exemplify a range of answers. Each response is
accompanied by a brief commentary explaining the strengths and weaknesses of the answers.

For each question, each response is annotated with a clear explanation of where and why marks were
awarded or omitted. This, in turn, is followed by examiner comments on how the answer could have been
improved. In this way it is possible for you to understand what candidates have done to gain their marks and
what they will have to do to improve their answers. At the end there is a list of common mistakes candidates
made in their answers for each question.

This document provides illustrative examples of candidate work. These help teachers to assess the standard
required to achieve marks, beyond the guidance of the mark scheme. Some question types where the
answer is clear from the mark scheme, such as short answers and multiple choice, have therefore been
omitted.

The questions, mark schemes and pre-release material used here are available to download as a zip file
from Teacher Support as the Example Candidate Responses Files. These files are:

Question Paper 22, June 2016

Question paper 9700_s16_qp_22.pdf
Mark scheme 9700_s16_ms_22.pdf
Question Paper 33, June 2016
Question paper 9700_s16_qgp_33.pdf
Mark scheme 9700_s16_ms_33.pdf
Question Paper 41, June 2016
Question paper 9700_s16_qgp_41.pdf
Mark scheme 9700_s16_ms_41.pdf
Question Paper 52, June 2016
Question paper 9700_s16_qgp_52.pdf
Mark scheme 9700_s16_ms_52.pdf

Past papers, Examiner Reports and other teacher support materials are available on Teacher Support at
https://teachers.cie.org.uk

4 Cambridge International AS and A Level Biology 9700
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Introduction

How to use this booklet

Example candidate response — high Examiner comments
Answear-all the questions. o This candidate has
Statements A fo E are about the struchufe and functioning of respondad as requested
s - RO T S, and given answers that
/__ sARE. o are concise and are

rlhﬂmdshbemmhgmmwmw /

Examiner comments are
alongside the answers,
linked to specific part of the
answer. These explain

Answers by real candidates in exam
conditions. These show you the types
of answers foreach level. [ ———————————————

; ; the active site being partially floxible and
Discuss and analyse the answers with ':m o

wour learners in the classroomto where and why marks
improve their skills. e bt S Sl LS were awarded. This helps
enzyma, with & terfiary or quatermary structuns you to interpret the
that results in an shape. standard of Cambridge
______ Glabulor. .. exams and helps your

; learners to refine their
D The term for enzymas that function outside cells. exam technique.

...... (VL G e=N1TH) = S, \

E The concentration of substrate that enables an enzyme to-achieve hall the madmum rale of
reaction,

________ Ko Malue

P,

Bl Total mark awarded =
(Total:5) | Soutof §

How the candidate could have improved their answer

Stating for E the ‘Michaelis-Menten constant’ wo
However, knowledge that this is also referred to
was able to gain full marks.

This explains how the candidate could have improved
their answer and helps you to interpret the standard of
Cambridge exams and helps yourlearners to refine
exam technigue.

Common mistakes candidates made in this question

A. Some candidates only gave the term “activation’ o . ) )
strictly correct it was allowed. This lists the common mistakes candidates made in
answering each guestion. This will help your learners to
avoid these mistakes at the exam and give them the

best chance of achieving a high mark.

B. Some candidates gave a mixture of terms, such
induced substrate’, lock and key fit'. The exami

C. Named globular proteins were incorrectly given as
commonly seen. The speflings of ‘globular’ were not always cnrrect

TSl
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Assessment at a glance

Assessment at a glance

Candidates for Advanced Subsidiary (AS) certification take Papers 1, 2 and 3 (either Advanced Practical
Skills 1 or Advanced Practical Skills 2) in a single examination series.

Candidates who, having received AS certification, wish to continue their studies to the full Advanced Level
qualification may carry their AS marks forward and take Papers 4 and 5 in the examination series in which
they require certification.

Candidates taking the full Advanced Level qualification at the end of the course take all five papers in a
single examination series.

Candidates may only enter for the papers in the combinations indicated above.

Candidates may not enter for single papers either on the first occasion or for resit purposes.

All components will be externally assessed.

Component Weighting \
AS Level | AlLevel |
Paper 1 Multiple Choice 1 hour
This paper consists of 40 multiple choice questions, all with four options. All 319, 15.5%

questions will be based on the AS Level syllabus content. Candidates will
answer all questions. Candidates will answer on an answer sheet. [40 marks]

Paper 2 AS Level Structured Questions 1 hour 15 minutes
This paper consists of a variable number of questions, of variable mark value. All 46% 230,
guestions will be based on the AS Level syllabus content. Candidates will

answer all questions. Candidates will answer on the question paper. [60 marks]

Paper 3 Advanced Practical Skills 2 hours
This paper requires candidates to carry out practical work in timed conditions.
This paper will consist of two or three experiments drawn from different areas of 23% 11.5%
the AS Level syllabus. Candidates will answer all questions. Candidates will
answer on the question paper. [40 marks]

Paper 4 A Level Structured Questions 2 hours

This paper consists of a variable number of structured questions each with a
variable mark value (Section A) and a choice of one free response style question

worth 15 marks (Section B). All questions will be based on the A Level syllabus h 38.5%
but may require knowledge of material first encountered in the AS Level

syllabus. Candidates will answer on the question paper. [100 marks]

Paper 5 Planning, Analysis and Evaluation 1 hour 15 minutes

This paper consists of a variable number of questions of variable mark value _ 11.5%

based on the practical skills of planning, analysis and evaluation. Candidates will
answer on the question paper. [30 marks]

Teachers are reminded that the latest syllabus is available on our public website at www.cie.org.uk and
Teacher Support at https://teachers.cie.org.uk

6 Cambridge International AS and A Level Biology 9700


http://www.cie.org.uk/
https://teachers.cie.org.uk/

Paper 4 — A Level structured questions

Paper 4 — A Level structured questions

Question 1

Example candidate response — high

Examiner comments

1 (a) ATP and NAD both play important roles in respiration. Both compounds are nucleotides.

Fig..1.1 represents the molecular-structures of ATP and-NAD.

ATP

NAD

Fig. 1.1
Using Fig. 1.1, compare the structures of ATP and NAD.
ATQng‘ho.hxwmvx,eﬂthfp5bm\4.$\oa%€£m.¢(&mw@
w\f\\\&}\)/{Dm‘[j@pv\‘\‘rfeyng%\oqmjum
QMM%AQMQBY\M\&\M B O < 2T S
y\msp\y&c‘sﬁ,@s“\\e,ojwﬁbm £0.2.1 TN
A—Y\%\t\&}:ﬂ\&.Q&&D%%\«%%{ri\QQELSQ\\\\.QNAQ
\;\o.,g‘bwo%m?kaédé&g%&

............... {8

o The sentence structure
‘ATP has . . . while NAD
has ...  makes it clear
that differences are
being highlighted. Only
NAD has a pyrimidine
base so this scores a
mark.

e The difference in the
number of phosphates
scores a second mark.

e The difference in the
number of pentose
sugars scores a third
mark.

Mark for (a) = 3/3

Cambridge International AS and A Level Biology 9700




Paper 4 — A Level structured questions

Example candidate response — high, continued Examiner comments

(b) ATP provides an immediate- energy source for metabolic processes such' as ansholic e Anabolic reactions make
machane, , a larger more complex
State two examples of anabolic reactions in.a mammalithat require ATP-as an energy source, molecule from smaller

1 b M. A {ﬁ,{)\\c‘eﬂ?\uw 9 seererestseststesera st se e e sresasbersserases subunits.

Polynucleotides like

2 i “f‘*‘bu Sb *%:&Latse ....... ¢ eesbmenenniuns A [2] DNA are polymers of
smaller monomers, and
(c) Name the type of chemlcal reaction by which:ATP is made.during.the, Krebs cycle. the process of making

....... R O T B W\ S - now DNA s known as

DNA replication since a

(d) Outline.the roles of NAD in the cytoplasm of a cell. template strand is
needed to construct a
.NA% IRl \\3:?&’\.'0%%(\ Wf\"/f\—.:t't MC@%MW%\-\ second. One mark.

...Q.:!st\ 3\.359\»33\5 Wh.. C)S\._.OQ\Q%M ..... Fsal. Nwr ot cadual. N | |
MAD. Al fQS PN = i = QX\DL:CQ:WL @/\a";g\nﬁ\dm © Joining amino acids at

""" ribosomes to make a
W @Q&gc\\a@m@l RS o= S polypeptide chain is a
second example of an
feeeenases : fevesstessnssaseaaens . [2] anabolic reaction. This
can be referred to as
protein synthesis or

(e) Carbohydrates and lipids are used as respiratory substrates.

Table 1.1 shows the energy values of carbohydrates and lipids. translation.
Table 1.1 Mark for (b) = 2/2
respiratory subétrate energy value/kJg-!

@ During the Krebs cycle

_carbohydrate ‘ 15.8 . some ATP is made
" lipid | 39.4 directly without using
' the electron transport
Explain why lipids have a higher energy value than-carbohydrates. chain and the name for
L]P?og_s Wome.. oo W\ pu,Q.o'Y"\'k\‘t J a)\u_:e aS FFQLQS! this process is
. o i substrate-level
mare..Co N Nosned >%owf&kﬁobro5%_&wzrd¢@&d phosphorylation.

L.z veclucedd.. m A0 axe... Muﬁx\é\b\c..‘.Qu.c...o.x}.Mﬁm... Mark for (c) = 1/1
Hhosdard Ao WMask. 4T..5 ﬁ@s%dssoﬁw\_@, |
QX\, J\,O&N{_‘ Q\'wg@\\#fs\ﬁ\ s - A e The role of NAD is to

carry hydrogen atoms

............. . _ 2] released in one reaction
' to a second reaction
[Total: 10] where they are used.

The term ‘hydrogen

carrier’ is frequently

used to describe this
role.

6 The question states ‘in
the cytoplasm of a cell’
so identifying the
specific role of NAD in
binding to hydrogen
atoms released during
glycolysis scores a
mark.

8 Cambridge International AS and A Level Biology 9700



Paper 4 — A Level structured questions

Example candidate response — high, continued Examiner comments

9 This answer already has
a mark for the term
‘hydrogen carrier’ but if
it had not included this,
the same point is made
here when the
candidate explains that
NAD becomes reduced
(i.e. gains hydrogen).

Mark for (d) = 2/2

@ The fact that lipids have
long tails of carbon
atoms bound to
hydrogen atoms (more
C-H bonds) begins to
explain why lipids
release more energy
than carbohydrates.

m The hydrogens are
removed and joined to
NAD and as there are
more of them to start
with, more reduced NAD
is the result. This part of
the explanation is
awarded a second
mark.

@ The answer already
scores full marks but the
candidate concludes
their explanation by
stating that the greater
quantity of reduced NAD
will be used in oxidative
phosphorylation, from
which we infer there will
be more oxidative
phosphorylation
(compared to
carbohydrates).

Mark for (e) = 2/2

Total marks awarded =
10 out of 10

Cambridge International AS and A Level Biology 9700 9



Paper 4 — A Level structured questions

10

How the candidate could have improved their answer

(a) The answer uses a multitude of terms to mean the same thing and so doesn’t state similarities clearly
enough. Saying that ATP has adenine while NAD has a purine is not stating a similarity, whereas the answer
‘they both have adenine’ or ‘they both have a purine’ would do. Similarly, the two molecules are similar in
both possessing ribose sugar but this answer does not make this clear. It says ATP has ribose but that NAD
has a pentose (not named), so it is not clear that both molecules have ribose.

(e) The explanation is logical and thorough but just falls short of saying that more ATP will be made per
molecule or gram or unit mass of lipid compared to the same quantity of carbohydrate.

Mark awarded = (a) 3/3
Mark awarded = (b) 2/2
Mark awarded = (c) 1/1
Mark awarded = (d) 2/2
Mark awarded = (e) 2/2

Total marks awarded = 10 out of 10

Cambridge International AS and A Level Biology 9700



Paper 4 — A Level structured questions

Example candidate response — middle Examiner comments
1 (a) ATP and NAD both play important roles in respiration. Both compounds are nucleotides: o This answer does not
Fig. 1.1 represents the molecular structures of ATP and NAD. draw together the points

of similarity and
difference between the
two molecules, but
describes each
separately. Therefore,
no marks are awarded
until line 4 when
comments about the
second molecule are
made. The examiner
has to do work for the
candidate in looking for
one (ribose) on ATP in

AR HAD the first line versus two
Fig. 1.1 on NAD in the fourth
T line. This scores a mark
Using Fig. 1.1, compare the structures of ATP and NAD. . but is not the best way
B TP is made up oF ope nbvse sSagar & pihogenous base  wheeh of structuring the
: i < t ) answer.
Us o, paring eind—b—etlse: ATP 5 alse foown as  Adenosthe tnphosphate.
" The chese Sugar Us booded Ab  Throe (Jhowcu'e groups . ; , e He_re the examiner sees
! ‘ . o evidence that the
..... NAD Iz made wp of A6 clbosel Sugaes Buwo Achogenous bases: o ... candidate knows that
pun’npqnzf Mq'm.'écmeﬂu dwo rlhose onqars cte bonded fo o Single pOth molecules possess
¢ - = ; 2 ¢ v ribose sugar, so a
shosphate.. gmup,. fach te 9. Fngle...phosphsfe. group The Ao, phosphate second mark is
awarded.
Qroupnrue. Linked.. egether.s.........

' € The candidate has
already stated that ATP
has a purine and here

....... 3] they state that NAD

does too, so a third
mark is awarded here.

@ Only NAD has a
pyrimidine so this is
awarded a mark.

6 The candidate states
that ATP has three
phosphate groups in line
3 and here they give the
second part of the
difference, that NAD has
two. Although five good
points are made the
maximum mark
allocation for the
question is three.

Mark for (a) = 3/3

Cambridge International AS and A Level Biology 9700 11



Paper 4 — A Level structured questions

12

Example candidate response — middle, continued

Examiner comments

(by ATP provides an immediate energy source for metabolic. processes such as anabolic
reactions.

State two examples of anabolic reactions in a mammal that require ATP as an energy source.

1 —keH\fz—i‘qu-‘ped-‘ .Lreokoe  Phosphate focmation

. Achve (,a;;;For{— o{- minevals and ton Into the cell-
2 Musdetothadtion . Frfoiicholine -Cyelre -Sohuts domizgome (]

(c) Name the type of chemical reaction.by which ATP is made during the.Krebs cycle.

Chem{osmosi's . . 1]

(d) Outlin€ the roles of NAD in the cytoplasm.of a cell.
NAD  provides hydoqen. P oxidakive phosphoryletisn . fhe form,

of- reduce AD., the hydrogun.. 5 woed 4o provide snergy.. o ATP. Spthsse-

(e) Carbohydrates and lipids are used as respiratory substrates.
Table 1.1 shows the energy values of carbohydrates and lipids.

Table 1.1

respiratory substrate | energy value/kJg-!
carbohydrate 158
" lipid ' 39.4

* Explain why lipids have a higher energy value than carbohydrates.

Liprds bhave a bigher anergy ablue  Hhan Chrbom&cd:«us hecause the

.................. { evessese

Costady more Cacben and hy8rogen  ger melecule dhae Ccl‘ioo'hai dretes.
peanins RURES 1

_.S‘n{nrlfws:'ze,-d .

f2]
[Total: 10}

@ This is a specific
example of a reaction
where two smaller
subunits (creatine and a
phosphate group) are
joined to make a more
complex molecule, so
this is an acceptable
example of an anabolic
reaction.

Mark for (b) = 1/2

Mark for (c) = 0/1

@ The key role of NAD is
transporting hydrogen
atoms and the reference
here to reduced NAD
implies this role.

Mark for (d) = 1/2

@ A comparative point is
made, that lipids have
more carbon and
hydrogen present.

Mark for (e) = 1/2

Total marks awarded =
6 out of 10

Cambridge International AS and A Level Biology 9700




Paper 4 — A Level structured questions
How the candidate could have improved their answer

(a) The candidate scored well, but writing two separate descriptions shows a lower level of understanding
and ability than listing the five similarities and differences as pairs of matching statements about the two
molecules.

(b) The candidate gave an example of an ATP-requiring process for their second example but this is not an
anabolic reaction so it did not meet the criteria set in the question.

(c) Chemiosmosis happens during oxidative phosphorylation, not during the Krebs cycle.

(d) The answer stated what the hydrogen attached to reduced NAD would be used for, but did not state
where it comes from in the cytoplasm of a cell, so didn’t pick up on some of the instructions in the question.

(e) The answer was incomplete as it did not pick up on the information given about the energy values of the
two respiratory substrates in Table 1.1, where the figures are quoted in units of ng_1. The conclusion of a full
explanation therefore is that more ATP will be made per gram (or per mole or molecule).

Mark awarded = (a) 3/3
Mark awarded = (b) 1/2
Mark awarded = (c) 0/1
Mark awarded = (d) 1/2
Mark awarded = (e) 1/2

Total marks awarded = 6 out of 10

Cambridge International AS and A Level Biology 9700 13



Paper 4 — A Level structured questions

Example candidate response — low Examiner comments

1 (a) ATP and NAD both play important roles in respiration. Both compounds are nucleotides.

Fig. 1.1 represents the molecular.structures of ATP and NAD.
pat i

ATP NAD
Fig: 1.1
Using Fig. 1.1, compare-the structures of ATP and NAD. ‘ o This candidate doesn’t
. E o v make any comparisons.
AR, has ] These........ S 6“‘0!’\&%@”“‘6)0 ........ They describe ATP and
Kibogen.... onaining.. Base....... ... a4 AMES, .. H.c NAD separately but do
: - - , ' _ not make matching pairs
CQYU)Y\V\UYYLbEfg and ‘H’\Yf,e P\'\O&Ph@!f« .................. of points_ For examp|e,
6)’00.&?) ........ oe......attacked... ko...... Cafh))’\wt[o@(m'\f, ........ on line 1 they state that
) ATP has ribose and
NAD.....i8..0 (‘@,-enﬂ.ydme hawnt.... Phosphodiater.. adenine but in line 5
they don’t mention that
bm&aml ...... have...... w0 iffeenk. . 5 DO, MaNIMes NAD aleo ha ribose
of N[’mgen C@ﬂk@mvxg Base...and...one and adenine, missing
. the opportunity to note
Pympmﬂ(a‘f) (2 two points of similarity.

T ST T VIR M senaroesassnsessssss peassassansamasrenstyasmsssesmsnt senamans s ensnmenas Bienassassesssonsonnye 3] e The candidate states
that ATP has three
phosphate groups so
the examiner will be
looking for the
information that NAD
has only two, but the
rest of the answer is
ambiguous and appears
to suggest that NAD has
only one.

Mark for (a) = 0/3

14 Cambridge International AS and A Level Biology 9700




Paper 4 — A Level structured questions

Example candidate response — low

Examiner comments

(b) ATP provides an immediate energy source for ‘metabolic processes 'such. as anabolic
reactions.

State two exampl‘es of anabolic:-reactions-in‘’a-mammal that require ATP as-an energy source.

2 féabm,\ﬂm ... ’Ctdmwug. (3]
(¢) Name the type of chemical reaction by which ATP is made during.the Krebs cycle.
lnglr\depan&eﬂ%mc%or\Q ...................................................... 1]

(d) Outline the.roles of NAD in.the cytoplasm of a cell.

NEDL. IS 00 - 9A28m$ ) o
NBD.ES.ed . ko ehalée quo@en chmm ................
%ﬁw@@/mw ki b.g. ......... recl c;fql MHD@ ............... N

[2]
(e) Carbohydrates and lipids are used as respiratory substrates.
Table 1.1 shows ttie energy values of carbohydrates and lipids.
Table 1.1
réspiratory substrate energy value/kJg™!
_ carbohydrate 15.8
~ lipid 39.4
Explain why lipids have a higher energy value than carbohydrates.
Jipis...... hase. hﬁr P\@dro Qroon.....ong kgl
OES.... PELRE. ... w ........... wbovgjm}t& .................................................
AL e OOLR....O1... XK. SIOTICG.. F\g}dm I8IL,....
.............................................................................................................................................. 2]
[Total: 10]

e These energy-requiring
processes are not
reactions and there is
not enough detail at the
molecular level to judge
whether an anabolic
building-up of a more
complex molecule from
smaller ones is
happening in either of
these examples.

Mark for (b) = 0/2

O The light independent
reaction is part of
photosynthesis and has
no direct relevance to
the question about the
Krebs cycle in
respiration.

Mark for (c) = 0/1

e The term ‘co-enzyme’
describes a role of NAD
as it plays an essential
supporting role
alongside another
enzyme such as a
dehydrogenase.

The role of NAD in
carrying hydrogen is
referred to, as it takes
hydrogen and becomes
reduced NAD. The
statement that this
happens during
hydrogenation is
misleading, as it
happens when the
respiratory substrate is
dehydrogenated.
However, this ambiguity
is ignored here.

Mark for (d) = 2/2

e ‘Higher hydrocarbon
bond’ is an inadequate
description. If the
answer had said ‘a
higher number of bonds
between carbon and
hydrogen atoms’ it
would have gained a
mark.

Mark for (e) = 0/2

Total marks awarded =
2 out of 10

Cambridge International AS and A Level Biology 9700

15



Paper 4 — A Level structured questions

16

How the candidate could have improved their answer

(a) The candidate should have tried to make paired comparisons between ATP and NAD here. If they had
broken down the descriptions in this way, they might have matched up information about NAD with the
correct points made at the start about ATP. A better choice of words at the end might have clarified that NAD
has two phosphate groups. As their answer stated that a phosphodiester bond is present, the candidate may
have known this, but they did not express the fact that two phosphates are present clearly enough.

(b) This answer fitted the context of a mammal and the examples used ATP but the candidate didn’t pick up
on or did not understand the term ‘anabolic reaction’.

(c) The answer needed to narrow its focus to the Krebs cycle and respiration.

(d) Including the word ‘hydrogenation’ without specifying of what made this answer ambiguous. Usually we
talk about the substrate being dehydrogenated while the NAD becomes reduced.

(e) The candidate clearly had some understanding or memory of the relevant part of the structure of a lipid
but did not select their words carefully enough to demonstrate this. Lipids and fatty acids are not themselves
hydrocarbons as they contain oxygen atoms. We usually refer to the repeating carbon and hydrogen
structure of a fatty acid as the fatty acid ‘ail’.

Mark awarded = (a) 0/3
Mark awarded = (b) 0/2
Mark awarded = (c) 0/1
Mark awarded = (d) 2/2
Mark awarded = (e) 0/2

Total marks awarded = 2 out of 10

Common mistakes candidates made in this question

(a) Not structuring the comparison as paired points in the form ‘ATP is like this and NAD is like that’ led to
missed opportunities in pinpointing similarities and differences.

(b) Candidates often missed ‘anabolic reactions’ and just gave ATP-requiring processes like muscle
contraction and active transport. Another mistake was to miss applying these to the context of a mammal
and to give plant examples of anabolic reactions like building glucose subunits into starch.

Mistakes were made in (d) and (e) owing to a less than firm grasp of chemistry terms. For example, in (d) it
was correct to say that NAD carries hydrogen atoms (H) but not hydrogen molecules since hydrogen
molecules form the diatomic gas H,, which is explosive. It was also not correct to say NAD carries hydrogen
ions (H*) as it binds to a hydrogen ion and electron (i.e. a hydrogen atom effectively) simultaneously. In (e)
the chemical terms hydrocarbon and hydrogen bond were often used inappropriately. The larger number of
bonds between carbon atoms and hydrogen atoms in the fatty acid tail of a lipid are covalent bonds, not
hydrogen bonds.

Cambridge International AS and A Level Biology 9700



Paper 4 — A Level structured questions

Question 2

Example candidate response — high

Examiner comments

2 The concéntration.of carbon dioxide in the atmosphere and.the light intensity often limit the rate of
photosynthesis.

(a).

(b)

()

Explain-what is meant bya limiting factorin relation to.photosynthesis.
N PV OET P S 7= v T TG T AR BN M@dor%(ejl .........
ok (0, .. w,mxm—\m) g faddor. prooest= 30,85 (ot
BTSN 37 N AN IS U SN mtc,gee Bt oD« ;

Investigations wete carried out in Florida, USA, .into the effect of different concentrations of
atmospheric carbon dioxide and of light intensity on the rate of photosynthesis of soybean
plants.

Plants were growh from seed in outdoor; computer-controlled growth chambers at différent
concentrations of carbon dioxide. The upper parts of the chambers were transparent so that

the.plants received natural sunlight..

Adter the seedlings emerged, the air in the soil was separated from the air around.the leaves

by a gas-tight seal in each chamber.
Suggest why the air in the soit and the air around the leaves of the plants were separated.

........... bt g o 000 Rt T S, B At QAR
O Y XT3 N Aoll ol mufn)’@rel-v LN . g b Dy -

In one investigation, two sets of plants, A and B, were grown from seed at different
concentrations of carbon dioxide:

e A -normal atmospheric concentration of carbon dioxide (0.033%)

* B -—normal atmospheric concentration-of carbon dioxide x2 (0.066%).

Then, keeping each set of plants in its particular concentration of carbon dioxide,
measurements were made of their rates of photosynthesis at different light intensities.

The results are shown in Flg. 2.1 on page 5. -

o The answer correctly
identifies that the
limiting factor is the one
at its lowest or minimum
value. It is important to
use the superlative
here, lowest
concentration not just
‘lower’ or ‘low’.

e The answer states that
several factors are
involved and that they
affect the rate of the
reaction
(photosynthesis). This
earns a second mark.

Mark for (a) = 2/2

e The answer is
incomplete but has
expressed the idea that
respiration going on
underneath the soil, for
example in plant roots,
could affect the
concentration of carbon
dioxide in the air around
the leaves. The answer
does not name the plant
parts below ground as
the roots, but the
examiner has given the
answer a benefit of the
doubt mark. The
candidate also doesn’t
fully adapt their idea to
the context of the
question and to say that
the separation ensures
that addition of carbon
dioxide does not happen
or is prevented.

Mark for (b) = 1/2
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Example candidate response — high, continued

Examiner comments

4

set B

mean rate of
photosynthesis 3
per unit area of.
leaf/ arbitrary
units

2 4 . —=xset A

0 2 4 5 6 T 8 4 10
light:intensity/arbitrary units :
Fig. 2.1
With reference to Fig. 2.1:

(i) describe and explain, in ter[n_s,ili_m_mng.iacm{& the results from the plants in set A

—
——

Mtewrm(wm\-emhw(a&owﬂw Ik, deaatg wes

Bk baitag). fo. 2. ok Jaw Vot adondile ). - B Itz .........

gee¥VRIIY 3

....... lighat. dSeavilion “andl... Racked . rates. G of- pholviguttonts

‘“Seﬁekt‘wbmvt“bzwwM«LM&*jﬁd&f% e

0 The first mark given is
for the explanation of
what is happening at
low light intensity, i.e.
that the reason for the
positive relationship is
that the light intensity is
limiting.

e The second mark is for
the description of what
is happening at low light
intensity: as the light
intensity increases the
rate of photosynthesis
also increases.

@ The third creditworthy
point is the explanation
that at high light
intensity (above 7)
another factor that is not
light intensity, but
something else such as
carbon dioxide
concentration, is the
limiting factor.

e A fourth mark can be
given for the description
of what occurs at the
high light intensity end
of the graph. The
answer given is that the
rate stays at 2, or, in
other words, that the
rate plateaus or stays
the same.

Mark for (c) (i) = 3/3

@ The answer gets a mark
for the most obvious
reason for the
difference, that the
plants in set B have
more carbon dioxide
available.

0 The examiner
understands that the
context of the second
sentence is still set B,
so the idea that it is only
at higher light intensities
that carbon dioxide
concentration becomes
the limiting factor scores
a mark.
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Example candidate response — high, continued

Examiner comments

(d) In a second investigation, two sets of plants, C and D, were grown from seed, as before, in
different carbon dioxide concentrations:

*  C-normal atmospheric concentration of carbon dioxide (0.033%)
* D~ normal atmospheric concentration of carbon dioxide x2 (0.066%).

When the plants matured, conditions in the growth chambers were changed to investigate the
rate of photosynthesis of each set of plants in different concentrations of carbon dioxide.

The results are shown in Fig. 2.2.

5
clxset D
£
mean rate of
photosynthesis
per unit area of
leaf/arbitrary units 3 —
/. > &
2 ; 3
/i
1
A
0 it
0 2 4 6
concentration of carbon
dioxide/arbitrary units
Fig. 2.2

Suggest.explanations for the higher rate of. photosynthesis:per unit area of leaf shown by the
plants insetD compared wnth those in:set C. F

2 B R et e €. cilaroplents.. Aq.. e ik depesdonts
- P — Mjw 5
...... M?/‘d@flu\.da«r .feal o.ca:.!.‘....t.... S=as m«; QN0 n o IR G HALP:

T T T PP T T TP TP CTP PP P PPPPIN T

[Total: 13]

@ Although the maximum
mark is 2, this answer
has made three good
points. The third is the
reference to the higher
carbon dioxide
concentration being
used for more (or faster)
light independent
reactions.

Mark for (c) (ii) = 2/2

m The answer states
clearly that the plants in
set D were only grown
in twice the carbon
dioxide concentration
but does not make the
mistake of thinking that
they are still in these
conditions. As a result of
the early conditions, the
answer suggests that
the plants in set D may
have more chloroplasts.
This scores a mark. The
answer then elaborates
on this theme for a
further four lines.

@ A second suggestion is
that the plants with
earlier access to higher
levels of carbon dioxide
may have more
stomata. The candidate
is careful to add ‘per unit
area of leaf’ so has read
the y- axis of the graph
carefully.

@ The use of the correct
term ‘diffusion’ in
connection with the
extra stomata and entry
of carbon dioxide earns
a third mark.

Mark for (d) = 3/4

Total marks awarded =
11 out of 13
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How the candidate could have improved their answer

(b) It would have been better if the candidate had named the parts of the plant below ground as the roots. It
would also have led to an additional mark if they had tied in their thoughts about root respiration with the
experimental design and the way the question was framed to say that the seal prevented extra carbon
dioxide from root respiration from adding to the concentration around the leaves.

(c) (i) The candidate made all the points, describing and explaining each part of the graph, the positive
correlation at low light intensities, and the plateau at high light intensities. It would have been more logical,
however, to describe the relationship in each case first and to explain it afterwards.

(d) This was a good answer to a challenging question, but having started on the right track the candidate
could have expanded on the significance of more chloroplasts in terms of more rubisco, since this relates
directly to the plants making better use of available carbon dioxide.

Mark awarded = (a) 2/2
Mark awarded = (b) 1/2
Mark awarded = (c) (i) 3/3, (ii) 2/2
Mark awarded = (d) 3/4

Total marks awarded = 11 out of 13
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Example candidate response — middle

Examiner comments

2 The concentration of carbon dioxide in the atmosphere and the light intensity often llmlt the rate of
photosyntheS|s

(a) Explain what is meant by a limiting factor in relation to p@whesis.
....ﬁmihng...ﬁqdox ..... POLANS.... o 0. S5 8. gf . readion...
A S Smiked. oy he. Stomiest. 10, Fais.... £2 2 BOR. L
orinedance.. if.we. dncrcooed.. ke Sarhon. disxide.. cancendyd,
Hhe.cake.of Profsijadesis.insrecac.. KL it 12Qthes. Q...

?\Q&m Sahere... O crors. Such.aa. 9k, inensih ;s ......... 2]
ing e ,.eo@m, o corbanclicaide ¢ no Lo »\?
(b) Investigations were camed out in Florida, USA, inte.the effect of different concentra IOI'IS

atmospheric carbon dloxnde and of hght lntensny on the rate of photosynthes1s of soybean
plants. - : ,

Plants were grown from seed in outdoor, computer-controlled growth chambers at different

congentrations of carbon d,IQX!dB./T he upper parts of the chambers were transparent so that

the plants received natur.

After the seedlings emerged, the air in the soil was separated from the air around the leaves
by a gas-tight seal in each cha‘rnbe}! E

Suggest why the air in the soil and the air around the leaves of the plants were separatecy
Q¥ i, the. &m\ C;on*(k\yﬂid 1250 MR (A Y01 1 oHUR
p\"o

............ k... ..k‘dﬁ‘”‘%b TSNS Ou\:...b.eqmt,f:n B
....... oy, Mee.... Leaues. %’\‘Q()\,&Y\‘\’b‘?’("dm’/m\'

[2]

(¢) In one |nvestlgat|on, two sets of plants, A and B, were grown from seed at different
concentrations of carbon dioxide:
¢ A~ normal atmospheric concentration of carbon dioxide (0.033%)
¢ B -normal atmospheric concentration of carbon dioxide x2 (0.066%).

-

Then, keeping each set of plants in its particular concentration of carbon dioxide,
measurements were made of their rates of photosynthesis at different light intensities.

The results are shown in Fig. 2.1 on page 5.

0 This answer includes
the idea that the limiting
factor is one of several
that affect the rate of a
reaction.

Mark for (a) = 1/2

e This answer is
contradictory, as there
will not be
photosynthesis
producing oxygen in
parts of the plant below
the soil, and leaves in
the light do not have a
net take-up of oxygen.

Mark for (b) = 0/2
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Example candidate response — middle, continued Examiner comments
4 ke
:
: set B
mean rate of
photosynthesis 3
per unit area of
leaf/arbitrary . 2
units ¥4
2 : ; i setA
11 : - € A mark is earned for the
craunzes . ) description of the
7 - relationship under
o LA , : + conditions of low light
0 2 4 6 8 ' 10 intensity which is
- light intensity/ arbitrary units qualified as up to 7 a.u.
Fig. 2.1 e The second mark is for

the description of the

With-refererice to Fig. 2.1: . :
g relationship beyond

(i) describe and explain, in terms of limiting factors, the results from the plants in se@ 7 a.u. of light intensity.
.A&...:\ﬂ-.\e....\Lg\x&...!\uiﬁnsm‘...’mm:mm....,.:‘sbﬁ..megn....m{-.c.p& ........... © The third mark is eamed
phu\bsﬁnﬁ*\es\swwﬁﬂxm%ﬂml}mmea%m for explaining the low

, ) light intensity part of the
OQY\;}'\*Q‘E)ML“:Sh\\lﬂ(b\t\kﬂ“%iﬁ&:"“ﬁhl‘ ............. graph.
Sniensis ...Q&_,.H.Qrbﬂkm&..unl’f.gh&q.ond...ﬁ:xl’r...'d:.b.ecgm.e.g..... ' @ A fourth tick can be

Ph&ﬂuh\\\OgIhAM\Ani‘\‘so-‘tZ,CAbe’ltG“&m\‘t- given for explaining the
. o : sy high light intensity part
As.sa ...:.h.\\...ﬂ....ashqig\\:g.mﬁt.ﬁ......\s.ghi..mﬁ\.&..ibg...!.tmq.h.r.g..... of the graph.
P inthe. K panfnlk,.. 3. ackitany. ks sn.macd.....
A Lt ntensity of. 10 ok kituany. wnit., Soncentmtion. §)...... [
0 oJ bﬁ)d% oxide *\:}ﬁme chmh;)n '(&fo\o"ﬂeh%“ “‘KMSl 0
il expa"'l e ore

ence between the results of set A and set E B at high light intensities.
e

Mark for (c) (i) = 3/3

e The examiner assumes
that ‘it’ is set B here

- undef 8(9 nore.. Phéfioﬁ‘a/ﬁfﬁemé Ckée.ﬁ@mm ....... because the answer
compares ‘it’ with A.
“’,a mm ...... CLUUDT'C’i\OOK\dC %4\7\ A I’\_ N)Q:@’b.& ........ One correct reason is
Q»e\'\\'be:k\ﬂ\’t—qn csek B found for the difference

in rate, the fact that B
..... has more carbon
dioxide available.

Mark for (c) (ii) = 1/2
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Example candidate response — middle, continued Examiner comments

(d) In a second investigation, two sets of plants, C and D, were grown from seed, as before, in
different carbon dioxide concentrations:

s C-normal atmosphetic concentration of carbon dioxide (0.033%)
¢ D - normal atmospheric concentration of carbon dioxide x2 (0.066%).

When the plants matured, conditions in the growth chambers were changed to investigate the
rate of photosynthesis of éach set of plants in different concentrations of carbon dioxide.

The results are shown in Fig. 2.2.

5 &
: set D
mean rate of
photosynthesis y
per unit area of
leaf/arbitrary units
setC
2 /. :
I’ -
]
1
1A
ik
o L
0 2 .4 6 .
’ concehtration of carbon
L : . dioxide/arbitrary.units .
< ! 3 o Fig. 2.2 . ¢

Suggest explanations for the higher rate of photosynthesis per unit area of leaf shown by the
olants in-set:D compared with those in set.C.

As... ot Loncen Sraon..of. Cos... Calbon diarides. Jogcacen. . 8 ::'is ko 's based on
) ' e mistaken premise
he.mean.£ois. §. prelosgnibedn. .peavninones. of. Aeds.... that D has a higher
B concentration of carbon
As...0erg.... Achan... binds... ik more. Qubp. Clbiose . dioxide throughout the
btsPho,SPthﬁ ...... o mé...gn LORXE... A€ (8 T TTC T < 1o SRR experiment. In fact, as
G o the x-axis of Fig. 2.2
e, S P P)'Qé»b\(ﬁd H\C\.‘\_ \% \'QCS.S,LQ,ed\l'\ ...... m\?"CTP .......... ShOWS, both set C and
and.. nere. M%?.....m%cxﬁm&qd ..... 4 \*cmC ..... .’éo@’x LT P set D are treated the
same to obtain the two
........ ! &S&C\mm"\i"aaw ke, (ﬁa}\ CM..G — line plots.
........................................................................................................ Mark for (d) - 0/4
[4] Total marks awarded =
: ; » [Total: 13] 5out of 13
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How the candidate could have improved their answer

(a) The comment about the slowest reaction limiting the rate was close to what was needed, but did not state
that the limiting factor itself would be in shortest supply or at the lowest level.

(b) If the candidate had considered carbon dioxide as well as oxygen here, they would have come closer to a
reasonable and logical explanation.

(c) (i) This was a well-structured and careful answer but in (ii) the fact that only half the answer space was
used and only one reason was given should have alerted the candidate that they needed to expand their
answer, for instance by saying what the extra carbon dioxide was used for.

(d) The fundamental error shown in the answer could only have been remedied by a more thorough reading

of the question stem on page 6 and a more careful study of the graph axes in Fig. 2.2.

Mark awarded = (a) 1/2
Mark awarded = (b) 0/2
Mark awarded = (c) (i) 3/3, (ii) 1/2
Mark awarded = (d) 0/4

Total marks awarded =5 out of 13
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Example candidate response — low

Examiner comments

2 The concentration of carbon dioxide in the-atmosphere and-the light intensity often limit the rate of'
photosynthesis.

................................. . s : R [2]

(b) Investigations were carried out in. Florida, USA, into the effect of different concentrations of
atmospheric carbon dioxide and of light intensity on the rate of photosynthesis of soybean
plants.

Plants were grown from seed in outdoor, computer-controlled. growth. chambers at different

concentrations of carbon dioxide. The upper parts of the chambers were transparent so that
the plantsrecéived natural.sunlight.

After the seedlings emerged, the air in the soil was separated from the air around the leaves
by a gas-tight seal in each chamber.

Suggest why the air in the soil and the air around the leaves of the plants were separated.

’Yheéj ..... have..... d\%&&fﬂ\i@(\cemmm&@asoﬂ\% ..................
afX...seported... 0. ovaid...confusion....and... make. it..clear. ...

(c) In one investigation, two sets of plants, A and B, were grown from seed at different
concentrations of carbon dioxide: ) )
e A -normal atmospheric concentration of catbon dioxide (0:033%)
e B-—normal-atmospheric concentration of carbon dioxide x2 (0.066%).

Then, ‘Keeping each set of plants in its particular concentration of carbon dioxide,
measurements were made of their rates of photosynthésis at different light intensities.

The results are shown'in Fig. 2.1 on page 5.

o The opportunity to
explain that a limiting
factor is one of several
factors affecting the rate
of photosynthesis is
missed here.

e The idea of short supply
needs to be framed as a
superlative to gain a
mark here, i.e. that, of
the various factors
affecting the rate, it is
the one that is in the
‘shortest’ supply that is
described as the limiting
factor.

Mark for (a) = 0/2

e The candidate has the
right idea but the
answer lacks detail and
does not come close to
any of the marking
points.

Mark for (b) = 0/2
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Example candidate response — low, continued

Examiner comments

4
s setB
mean rate of
photosynthesis 3.
per unit area of
leaf/arbitrary
units W
2 i set A
1
/e A X
Y
0t = e
0 2 4 6 8 10

light intensity/ arbittary- uniis-
Fig. 2.1
With reference to Fig. 2.1:

(i) describe and explain, in terms of limiting factors, the results from the plants in set A

..k\:...;.\.o.ul.....u“gkh....mt@m‘r.tb\.,\....coz.cmcmtcud:x‘m....fs,mt .............
.fche......\\'m(ﬁcﬁ....fnckog....\@xt..frxhem:\’t&.xsg&..gs...L\'ght ..... —
ikaSTY, Incoeases,. e e of. shotosynthesss..also.........
mcve@&ese’{be(\wk\e(\k\gkﬂc\t\m%\s%mbﬁmxg ............

.m{&s.,....a,....p)m..is....cecxc‘r.\edgm..mw..mm..m ..........
.Ugt\it..'....m&zx\s(t\d...\mceuses.,..fc&\e...mic.o&....ghomxgm&}ex\;s .............

e The first sentence

7]

scores a mark for
explaining what is
causing the trend at low
light intensity.

The candidate then
describes the
relationship at low light
intensity.

The candidate describes
the relationship between
the variables on the x-
and y-axes at 7 a.u. of
light intensity and
above.

The plateau at high light
intensities is explained
in terms of limiting
factors.

Mark for (c) (i) = 3/3

(8]
(9]

This reason scores a
mark.

The candidate possibly
wants to say that the
plateau for B starts at a
higher light intensity
than that of A, but
instead they describe
moving right along the x
axis in terms of time and
say, incorrectly, that it
takes longer. In the
previous question the
candidate uses the time-
associated word ‘then’
in a similar way,
meaning further along
the x axis, but there is
enough other
information that this slip
can be ignored by the
examiner. In part (ii),
however, this same
error in thinking causes
more problems.

Mark for (c) (ii) = 72
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Example candidate response — low, continued Examiner comments
(d) In a second investigation, two sets of plants, C and D, were grown from seed, as before, in
different carbon dioxide concentrations:
¢ C-normal atmospheric concentration of carbon dioxide (0.033%)
¢ D - normal atmospheric concentration of carbon dioxide x2 (0.066%).
When the plants matured, conditions in the growth chambers were changed to investigate the
rate of photosynthesis of each set of plants in different concentrations-of carbon dioxide.
The results are shown in Fig. 2.2.
5 1.
i setD
mean rate of
photosynthesis
per unit area of
leaf/ arbitrary units 5 ot
/ A
2 /!
/
1
hn//
0
0 2 4 6
concentration of carbon
dioxide/arbitrary units
Fig. 2.2.
Suggest explanations for the higher rate of photosynthesis per unit area of leaf shown by the @ The first part (_)f the .
plants in $et'D compared with those in'set C. - answer describes Fig.
: . 2.2, without suggesting
P&SEKL?MP\M&G\MQRUSEO\@C&FFQ{M%& .................... explanations for it.
phatosyodhesis.. k. shightly. ouer. Jeudhs. of.. (0. concentsedinn. o
m The rate in D is faster
Ahon. dost...Dy...uben... €02, mocenkroion.. mmmse 2 30e.... than in C so this
sentence contradicts the
(0328 LSy OENeNS. .. al3Q. . IncEases. , k. JESS. steep..\g ...... data,
5 LA T G\ V. _
§ @ The suggestion that the
CQJ\QU.\ deQx.\de. Cf.\‘(\'l: e, ’le.ed\ )r\Nﬁ? ..... Q_G.S'hby .................. experimenters varied a
second variable without
ibiseQ....... thaq....8 s\bw ........................................................................... mentioning it or doesn't
....L\gi\Jc J\.‘\ﬂ\&\'\'& OGS be L\(l\\’ttck foc.C.. MUE .............. control it adequately
does not score.
' ' Mark for (d) = 0/4
................................................................................ {4]
Total marks awarded =
otal: 13
¥ ] 4 out of 13
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How the candidate could have improved their answer

(a) The candidate needed to add detail to both parts of their answer: that the environmental factor was one
of many, and that it was not just in short supply but ‘shortest’ supply.

(b) The candidate needed to think harder about their basic idea by asking how the concentrations were
different (more in the air in the soil) and why this was so (respiration by roots, seeds or soil organisms). They
needed to identify the likely difference and the reasons for it.

(c) The answer to (i) was well-structured and logical, but the error of thinking all graphs have time on the x
axis slightly marred the answer. In (ii) it meant the second idea was incorrectly expressed and doesn’t score
the mark. In discussing the idea of moving to the right along the x axis the candidate needed to say ‘as light
intensity increased’ or ‘at higher light intensities’, not ‘then’ and ‘takes longer’.

(d) The answer needed to suggest explanations for the data, not just describe them. Unless a question asks
for uncontrolled variables in an experiment to be pointed out, it is safest to assume that all control variables
have been adequately controlled; suggesting that errors were made in carrying out the experiment will not
earn marks.

Mark awarded = (a) 0/2
Mark awarded = (b) 0/2
Mark awarded = (c) (i) 3/3, (ii) 1/2
Mark awarded = (d) 0/4

Total marks awarded = 4 out of 13

Common mistakes candidates made in this question

(a) The concept of limiting factors is hard to put into words and a learned correct definition from a textbook
would be a sensible way of answering this question. Where candidates tried to express the definition in their
own words, many omitted key information.

(b) The most common mistake was not to imagine the experimental set-up as described and to consider in
enough detail how the air in the two places would differ and why.

(c) (i) Assuming that the x-axis referred to time was a frequent mistake, seen in answers like ‘at first rate
increased but then after a while it plateaued.” Some answers described a positive correlation and a plateau
but did not link each to low or high light intensities respectively, or to figures from the x-axis like 0.6—7 a.u. of
light intensity and 7—10a.u.

(d) The most common mistake was to assume the conditions listed in the bullet points for the descriptions of

C and D persisted during the experiment. The second most common mistake was to ignore the units on the y
axis of Fig. 2.2 and to say that the plants in D had a larger leaf surface area.
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Question 3

Example candidate response — high

Examiner comments

3 Malaria is a serious and often fatal infectious disease caused by Plasmodium. Drugs such as
chloroquine are widely used to decrease the risk of getting malaria and also to treat people
who have become infected. However, in many parts of the world P/asmod/um populahons have
become resistant to chloroqtine. -~

Sequencing the genome of Plasmodium and the application of blomformatucs has provided several
new targets for the development of anti-malarial drugs

*

(a) (i) Deflne the term blomformatlcs

e - i degisad..dede ASEQUROIES.. PN Seredla....

a w—ey\-ﬁres,rﬁvaﬂ ?Mﬁ S)I‘VM"e 4>nplea/~a (W]

BQ. vaeM .......

e, S S e [21

(||) Outhne how sequencmg the genome of Plasmodium and the use of blomformahcs can
suggest new targets for anti-malarial drugs.

R, wW%@bemﬂ\Mpﬁ ~s 5% ol
SjAM\;S%}-AmJ‘&VWM ok de on. \Nm\a\ P'::) oo
Cald e oo Jelaidbe . 2 e, sk £ ok *lcmz‘fe.ae
02 sty 5., eMeck. Dacelnas: 0 Bindios
parrelly Std §. shashn s Mook et e 220k Shage.25.

A be o’t‘-?{‘vbedé‘ e g

o The candidate uses the
appropriate term
‘database’, which is
awarded a mark.

e The knowledge that a
computer is used in
bioinformatics is
awarded the second
mark.

Mark for (a) (i) = 2/2

€ There is little detail
about the jump from
DNA sequence
information to knowing
which molecule can
block the active site of
an enzyme, but the idea
that this is a target way
in which a drug could
work earns a mark.

e The answer backiracks
to the idea of using the
DNA sequence data to
generate a three-
dimensional model of
the protein product
(enzyme) and gets
another mark.

Mark for (a) (ii) = 2/3

Cambridge International AS and A Level Biology 9700

29



Paper 4 — A Level structured questions

30

Example candidate response — high, continued

Examiner comments

(b) In parts-of the world-where Plasmodium is resistant to chloroquine; one of-the most effective
anti-malarial drugs currently in use is artemisinin. Artemisinin works by binding to an enzyme
in Plasmodium called PfATPS, acting as an inhibitor.

"A substance called curcumm which Has’ long been used as a spice and yellow food colouring
in‘India and other. countrles is also’kriown to acteagalnst chloroquiné-resistant Plasmodium.
LA group of researchers predlcted 'that curcumm acts by blndlng to lhe same enzyme as
artemlsmln R I L S Cata 5 B

' In-order to tést this- hypothesis,«and ito. try:te firid-similar substances that rhlght work even
better than curcumm, the researchers used theoretlcal modelllng to:

. .
. look at the chemlcal structures of various molecu]es Wlth a S|m|lar structure to
< ¢ - vourcumin {curcuniin analogues) el B el PR PY o

“.e. generatea _three-dlmensmn‘al model-of the $truciure. of-the.enzyre PIATP6
i - invéstigate whether gach curbumin»arlale'g‘ue could bind to-PfATPS. .. - :
« “The reseaichers prédicted that several of the ‘éurcumin.analogues wouldl bind-fore strongly
than curcumin to-PfATP6. . el .
- ety R
(i) Suggest advantages of using theoretical models in this research, rather than testing
possible drugs in the laboratory.

.gr?...m\:......‘g...maé.b....lzk%lmzb oC. rdkiads \n Ak, ...
\% ‘)’ OL”'QS (\‘l’ wr WK . e )

Baoe.. lo le Bnapiny, old»’ﬁmn'r deiss. .eéw—-k&ael-?l’lm ellmc
Mow.. gor. con. IO 2. N, et of_dousS. eeoked Fe. 6
.b&.mw Teeeienecnineeisnan frsenenearersranerieariasettarasennertanisanssasaneaane, sessusererernansnssaninnnn

...... — , 3]

(if) Suggest why theoretical modelling -cannot completely replace laboratory trials in the
search for new drugs.

W;Mg%&*mrmm*\ep@m;h4mi‘ ...........
demgs.. o0l Jaceah. Nife Wvgswlla%dmw@wpl&
So. e S (vbzhlhb%'sl-a‘klgmggkbe.m&
0.0 comp el = . cirensasoserrs
12
[Total:10]

e A mark is awarded for
not needing to conduct
tests on animals. Lab
‘materials’ is too vague
to score a mark for
needing less equipment.

@ A mark is awarded for
the idea that theoretical
modelling is quicker,
though the answer is
given in rather a back-
to-front way.

Mark for (b) (i) = 2/3

e The key idea of the drug
needing to be tested to
see if it actually works
(in treating the disease)
gains a mark.

@ The candidate
recognises that, as well
as beneficial effects, a
drug may have negative
‘side effects’ on some
users and that this
problem must be
investigated before a
drug can be approved
for use.

Mark for (b) (ii) = 2/2

Total marks awarded =
8 out of 10

How the candidate could have improved their answer

(a) (ii) This answer did not proceed logically in steps from a sequence of letters (A, C, G and T in DNA) to

the idea of a drug molecule binding to a three-dimensional enzyme product. The missing list of explanatory
connections includes finding a specific gene, using it to predict the sequence of amino acids in the protein it
codes for and then applying knowledge of amino acid properties to predict how the polypeptide will fold into

its tertiary shape.

(b) (i) The question asked for the advantages of the theoretical approach, but, for the second point, the
candidate stated what is bad about the practical approach (‘would take longer’). This did not answer the
question and the candidate was lucky that the mark scheme was relaxed in this case to give credit to
answers that pointed out the disadvantages of the other method. A correct answer here is that theoretical

modelling takes less time.

Mark awarded = (a) (i) 2/2, (ii) 2/3
Mark awarded = (b) (i) 2/3, (ii) 2/2

Total marks awarded = 8 out of 10
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Example candidate response — middle Examiner comments

3 -Malaria is a serious and often fatal infectious -disease caused by Plasmodium: Drugs such as
chloroquine are widely used to decrease the risk of getting malaria and also to treat people
who have become infecfed. However,. in many parts of the world, Plasmodium populations have
become resistant to chloroquine,,

Sequencing the genome of Plasmodium and the application of bioinformatics has provided several
new targets for the development of anti-malarial drugs.

(a) (i) Define the term bioinformatics. o Analysing biological
- ab information scores a
..... The. ..........0.(9&mufg....y....pcoc.c.S.:.i\r.\%....anﬁs;ha....gtﬁ.....‘......... mark.
et 0 Chom el 0. o meliag L O 0. (LGRSO
...... ... LOPLAE. SUSE .. .. © The candidate says a
' computer is needed and
etrereeeseereesataae et sr e A tane st sae bR R senRer e b e Re s eRe e saa e s “ ; this scores a second
....................... 2 mark.
(i) Outline how sequencing the genome of Plasmodium and the .use of bioinformatics can Mark for (a) (i) = 2/2

suggest new targets for anti-malarial drugs.

e The only substantive

h@&imk,ﬁf‘faf“CwmdeUm:Mdh\acm .......... pOint here is that the
Coonpauing. The..gevonss...ob...xa1Tene D plaame... Plaansaiin researchers will first
_ need to identify the
N‘il.’%.’nfe ..... %%OIN.(T&.C\.PQ%&QC ..... lo li)n..ﬁ:f(!ﬂh‘cﬁ ..................... target genes, in this
Motz bihers.......sheed 00 etan o menha.. st Mg example, those that are
: ' different in chloroquine-
aMals g dlShkgmxi\cJavndcmrﬁﬂ’W\};ma{aﬁd resistant parasites.
..... 0w foc. dna.. reststont . Joouts..Sealeme: 1005 1

Mark for (a) (ii) = 1/3
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Example candidate response — middle, continued Examiner comments

(b) In parts of the world where Plasmodium is resistant to chloroquine, one of the most effective
anti-malarial drugs currently-in use is artémisinin. Artemisinin works by binding to an enzyme
in ‘Plasmodium called. P{ATPS, acting as an inhibitor.

A substance called curcumin, which has long been used as a spice and yellow food colouring
in India and. other countries, is.also known t act against.chlofoquine-resistant Plasmodium.
A group of researchers predicted that curcumin acts by binding to the same enzyme as
artemisinin.

In order to test this hypothesis, and to try to-find similar substances that might work even
better than curcumin, the researchers used theoretical modellirig to:

e |ook at the chemical structures of various molecules with a similar structure to

curcumin (curcumin.analogues) e This suggestion is not a

»  generate a three-dimensional model of the structure of the enzyme PfATP6 great danger of doing
: . A . . practical drug tests in
* investigate whethereach curcumin analogue could bind to PfATP6. the laboratory, as there

The researchers.predicted that several of the curcumin analogues would bind more strongly IS “t“e_ danger O_f the
than curcumin to PfATP6. parasites escaping to a
. . real world situation.

(i) Suggest advantages of Using theoretical models in this research, rather than testing

possible drugs in the laboratory. e The cheapness of

%ésbrgpossib&c)ru md}.klaboro.bﬂ ..... bagyy... fatn.... theoretical trials is an
... O feenk.... Scaina...ob... esistance.... Plasmadiom..... 0 ?nd;rir_]tage that scores a
Jeshno paasnbhdwgsmTMwaahr@m%hwe_ .....

’ . Mark for (b) (i) = 1/3
8. Ok G ECOms....ac.... CeE. Kaeun. TE bersted atmbe

...’.Ih,e........kmgﬂmt»rﬁ..». ..... U Sﬁ\g’h\foleﬁca—‘mﬁd%&ﬁls ............... e The potential negative
o B ‘ consequences of a trial
g Sk ead. .G Mo—;x.lbt:e ............... drug on the patient are
considered here.
...................................................................................................................................... [3]
(i) Suggest why theoretical modelling cannot completély replace laboratory trials in the e The candidate also
search for new drugs. considers assessing the
P b A . eerle iU - positive effectiveness of
The...efkeck 0k . reLs..d%ga....o0... Feopls.. L iung.. ganims e e and boge 10
[3....popoctank... .. R 2 W o VTR RS 2oL AU S hint at the idea of
6 v . 20, X g ; calculating dosage rates
| O"\g S’ld-e_. < Q{'JZIY\-‘@M ”Q)'}\G‘A oS e B 1 S ) R B B e When they mention
D b KesE end. e ke, Sheaglh. R dug......... strength’.
(%mt’j\u”ﬁv@aﬁaﬁﬂﬁdﬂ'bﬁfof nel .. Mark for (b) (i) = 2/2
................................ '..................................................‘9......................................'........, [2] Total marks awarded =
[Total:10] 6 out of 10

How the candidate could have improved their answer

(a) (ii) The candidate didn’t move on from finding a genetic sequence difference between resistant and non-
resistant forms to considering how drugs interact with their targets. If they had developed the base sequence
idea at the end to amino acid sequences and protein structure, they would have progressed successfully
from the first part of the question — the genome sequence — to the last part, anti-malarial drugs.

(b) (i) The candidate focused chiefly on the problems of practical tests, not on the advantages of theoretical
modelling. An improved answer would begin: ‘The advantages of using theoretical models are . . .” and would
have stuck to positive points, considering time, cost and facilities needed.

Mark awarded = (a) (i) 2/2, (ii) 1/3
Mark awarded = (b) (i) 1/3, (ii) 2/2

Total marks awarded = 6 out of 10
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Paper 4 — A Level structured questions

Example candidate response — low

Examiner comments

3 Malaria is ‘a serious and often. fatal infectious disease caused by Plasmodium: Drugs such as
chloroquine are widely used to decrease the risk of getting malaria .and' also. to treat people
who have become infected. However, in many parts of the world, Plasmodium populations have
become resistant to chloroguine.

Sequencing the genome of -Plasmodium and the application of bicinformatics has.provided several
new targets for the development .of anti-malarial drugs.

(a) (i) Define the term bioinformatics.

K\.A\‘\'Lv\'\f)m\ﬁw\r\ﬂ.scﬁ{}nfg)mx(\'\ﬂ

QJ\\\VOAAQARWWM\&WVVQ\&( ............
oot : '

.......... 2]

(ii) Outline how sequencing the genome of Plasmodium and the use of bioinformatics can
suggest new targets for anti-malarial drugs.

...S&.%L\e,mc..\z.\ﬁ ......... Y\/\ L— 70 Zat-H AT S Q. §< ....... Q\Mﬂqé\\w‘ ............

\P\N@(‘\&%—P;o«f)\om\jswx\r\\ 2o NAL

Q[\\W'oc\r\ar\\&w\'\m\Wm$w€“\iu\“m\oo\ﬁ.y .............
R e B MARSAAN YR N %h@ ....... - NA/\M. ............

..Q\msmaéslm........c.m....hae« ..... IPIRINTE WL S A VY SO
SN Yo et Raeo oo Seean et s o)
N2t 00.0%.  om Onesitak.... rm\?me ......................... 3]

o The answer includes no
relevant information
about using computer
programs to store and
analyse large quantities
of biological gene
sequence data.

Mark for (a) (i) = 0/2

e The answer is vague
and ambiguous and
shows an unwillingness
to move from the life
cycle of the parasite to
the molecular level of
interaction targeted in
the question.

Mark for (a) (ii) = 0/3
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Example candidate response — low, continued

Examiner comments

(b) In parts of the world where Plasmodium is resistant to chloroquine, one of the most effective
anti-malarial drugs currently in use is artemisinin. Artemisinin works by binding to ah enzyme
in Plasmodium called PfATPS, acting as an inhibitor.

A substance called curcumin, which has long been used as a spice and yellow food colouring
in India and other countries, is also known to act against chloroquine-resistant Plasmodium.

A group of researchers predicted that curcumin acts by binding to the same enzyme as’

artemisinin.

In order to test this. hypothesis, and to try to find similar substances that might work even
better than curcumin, the researchers used theoretical modelling to:

¢ look at the chemical structures of various molecules with a similar structure to
curcumin (curcumin analogues)

* generate a three-dimensional model of the structure of the enzyme PfATP6
* investigate whether each curcumin analogue could bind to PfATP6.

The researchers predicted that several of the curcumin analogues would bind more strongly
than curcumin to PfATP6.

(i) Suggest advantages of using theoretical models in this research, rather than testing
possible drugs in the Iaboratory

IO STI T T NN C B, CI—
Neeeceieal... }’\95.&\5 .......... m&e&&%@ ......... (5 S—
LS dnavd D Ner0dh 2. LS ST L T
RS W, PP\ G S< Y Sl - W VY. 5"\034\5 N\A&M
st\zx.mhé»\\/\ﬁ ........ \A\\{\GGQ\&LSMA\N\X%\T@
o X2 BN .o X0 GV TA 2

(3]

(ii) Suggest why theoretical modelling cannot completely replace laboratory trials in the

search for new drugs.

X O X2 Nt N0 Y o S X Acvy....
Ao oot Moak. .. e
RS 72, RN Y\ S VS @A....Zm....h\oam&mﬂ e Ta A

N deoere . Make AN, I V\DB{\«‘\@ A0S0 LL ...

MRS e B K AR e SN .\.(.\ﬁ&a.cma\ha.m...
Of\x\«te&%ﬁqzﬁcjof:*\'\e,é\r@ .......................... 2]
. ' - . [Total:10]

.,..S‘.\éxc.....ef&&g.c\.ge

©

The candidate
understands what an
advantage is and
immediately scores two
marks by suggesting
two distinct advantages:
saving time and saving
money.

There should not be any
safety risk to
researchers working on
in vitro systems
involving PfATP6 and
curcumin analogues. A
risk assessment for
maintaining and
handling the parasites in
the lab should eliminate
risk to research staff.

Mark for (b) (i) = 2/3

15

6]

The answer correctly
identifies the need to
test drug efficacy.

The answer also
considers the potential
for side-effects on
patients.

Mark for (b) (ii) = 2/2

Total marks awarded =
4 out of 10
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How the candidate could have improved their answer
(a) (i) A learned definition was needed here and this candidate did not appear to remember one.

(a) (ii) The candidate appeared to think that sequencing the genome causes a change in its functioning
rather than just records what bases are present. With this major misconception in place, there was little the
candidate could do to bring the answer back to any sensible ideas. The answer also appears to suggest
making the genome ‘work’ when humans are vulnerable, making the problem worse, and to suggest altering
a lab parasite, which would do nothing to tackle the millions of unaltered parasites in the real world. The best
thing this candidate could have done would have been to reread the question more carefully and to focus on
the molecular topics of genome, bioinformatics and drugs, not on the life cycle of Plasmodium.

Mark awarded = (a) (i) 0/2, (ii) 0/3
Mark awarded = (b) (i) 2/3, (ii) 2/2

Total marks awarded = 4 out of 10

Common mistakes candidates made in this question

(a) (ii) Some candidates leapt from a gene sequence to a drug interacting with a folded protein, without filling
in the conceptual links along the way.

(b) (i) Some candidates wrote about the disadvantages of practical tests, not the advantages of theoretical
modelling, as requested.
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Question 4

Example candidate response — high

Examiner comments

4 Maize is an important food crop that has been improved both by selective breeding and by genetic
modification.

(a) Outline how selective breeding has been used to improve maize. 0

.......... + mmwndevtswruékMum%@mmwAh

....... 141

2]

An example of a
desirable characteristic
in maize is given,
scoring 1 mark.

The principle of
breeding together maize
plants with desirable
characteristics gets a
mark.

A third mark is given for
the idea of repeating the
process over many
generations.

There is enough here
about creating hybrid
varieties to earn a mark.

The increase in vigour
resulting from
outbreeding gets a fifth
tick, although the
maximum mark
available is 4.

Mark for (a) = 4/4
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Paper 4 — A Level structured questions

Example candidate response — high, continued

Examiner comments

(b) Fig. 4.1 shows part of a. maize cob. The.cob is made up of many individual seeds called
kernels. Each kernel results from a separate fertilisation of a male and a female gamete.
Some kernels are yellow and some are purple.

purple kernel

Fig. 4.1

Name.the type of variation shown in Fig. 4.1. Suggest a genetic exblanation for this pattern of
variation in colour. '

typé of variation a’xel\ehjp]z.‘f%"?ﬁhﬂm 6 T
explanation QWUM§NC&LMEM’\@\3’W@Q¢VM&WM ......

dxffwwmmlgwwhT@wplwknx%mew«pkemeLm .....
o ST 00 .m0 B il e e fnale i) o

.............................

@ While this variation is
indeed visible in the
phenotype, the question
asks for a specific
named type of
phenotypic variation that
has been studied at A
Level.

0 There is a reference to
different alleles here,
but the fact that two
determine colour, as
one comes from each
gamete, does not argue
that the trait of kernel
colour is specifically
controlled by a single
gene which only has two
possible variants
(alleles). The fact that
this is a monogenic
cross can be inferred by
the fact that there are
only two kernel colours
and that the ratio of
colours on the cob is
roughly 1:1.

Mark for (b) = 0/3
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Example candidate response — high, continued

Examiner comments

(c) Maize and other crops have been-genetically modified since 1996 to produce the Bt toxin to
kill insect pests.

Fig. 4.2 shows the area of Bt crops grown (plotted points) and the number of insect pest
species in which resistance to Bt has been reported (bars).

—=— Bt crops

[] resistant species

70 7
60 : : ‘ 6
50 e e e
> -
/. 2
40 4 i (4
area of Bt : O B | numberof
crops grown resistant
/million 4 F1 || pestspecies
hectares a I xx
30 i O
. L
/e 13 23 g
10 - i 1
0 P 1 B (O" . ',\“_ 1B E Y
F I FPILTFSLSFFLISFSL SIS N
F T T TT TS d D
year
Fig. 4.2
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Example candidate response — high, continued

Examiner comments

(i) Describe and suggest an explanation for the relationship between the-area of Bt crops
grown and the number of resistant pest species.

R %@f— B¥.capa. 0 MR ACLh . IR B oS Bh
N FL s .
EPALERN.. Ul 0. Hoc. 0140 . REampn.. quomd. Mclamaeh, WO;@
O sllcon acien.. Mor pri TP 0 2002 0. Tt B
N NP B 08, 8. SOV POLAT (R .. M 100y b onsacee ()
sk . Ag;%ﬁ e i

oo w2 nq. 0%

fz\mcu.uao\q q:Mﬁmé‘tDZ/ WBW&UQ(L fe. aﬁﬁ,Apm\f o Mliele.. }é' ....... 7.

........... N 0l 0 B Min AP, bk S BINCG... W&@fcverza
popadeety

L. eandti.n, graatel seechion. prsule. .0 Bo@-. e, folave.... [4]

foRaue
(i) Suggest one social advantage and one environmental advantage of growing this Bt
maize.
social advantage .......

oL Mp%ﬁf .....

environmental advantage ...

VR TE SV =oN

............................

[Total: 13]

18]

(9]
10

Mark for (c) (i)

®

4

The main trend (a
positive correlation) is
described, earning one
mark.

This date quote scores
the AVP mark.

The units are quoted
incorrectly and no year
date is given for the
zero figure.

The answer begins to
explain the pattern by
naming mutation as the
source of the first
resistant insects. This
gets a mark.

The explanation of the
evolution of resistance
due to natural selection
is developed and scores
one mark. The final
mark is 4: 2 for
descriptive and 2 for
explanatory points.

= 4/4

The advantage to
human society of a
higher yield of maize
scores one mark.

Reducing the number of
insects that feed on
maize is unlikely to
benefit other plants
since the caterpillars
targeted by Bt will be
specialist feeders on
maize. Environmentally,
it is a disadvantage to
decrease the numbers
of these pests since
caterpillars and
butterflies provide a
food source for birds
and other insectivores.

Mark for (c) (i) = 1/2

Total marks awarded =
9 out of 13
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How the candidate could have improved their answer

(b) The candidate needed to think beyond genetic and phenotypic variation to the two distinct patterns of
variation seen in organisms, continuous and discontinuous.

(c) (i) When quoting data, the candidate should have given x axis quotes (years) and should have checked
the units carefully and reproduced what was written on the y axis of the graph.

Mark awarded = (a) 4/4
Mark awarded = (b) 0/3
Mark awarded = (c) (i) 4/4, (ii) 1/2

Total marks awarded =9 out of 13

40 Cambridge International AS and A Level Biology 9700



Paper 4 — A Level structured questions

Example candidate response — middle

Examiner comments

4 Maize is an important food crop that has been improved both by selective breeding and by genetic
modification.

(a) Outline how selective breeding has been used to improve maize.

ooze. trak Yon Shek . Slems. cas.. produce.a. Nigh.....
0 V,((’Jd ot Seeds Liere Seleckd .

@) 00N PR RASIES.... 00 = S O UR WG m U RN V-7, SO~
o RALehe. Qe .. QUL QML QL2 0. POPAG
wmmh&c‘%gcmmtm% ..... hermena)....ccs. Gdssaed...
A2 deceed. hege el Ao mss.00. Tl alltbern . e

e Lo head. acnel ahom. ... ... boapraued... T I N
haneshing,.... Dnadk...Stemed...naeing...co5h.. (2o INEN L [4]
Nosodues - 0 '

o An example of a
desirable trait (high
yield) is given. It is not
immediately obvious
why short stems are
desirable so this would
need to be explained
(see comment 4).

e The key principle of
selective breeding is
explained, gaining a
second mark.

e The answer falls short of
saying that this whole
process of selecting and
breeding is repeated
over many generations.

e Short stems can be
credited as a desirable
feature (higher ratio of
grain to vegetative
growth, less chance of
being blown over), but
explicit mention of this
and the fact that special
dwarf varieties have
been bred is needed to
score a mark.

Mark for (a) = 2/4
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Example candidate response — middle, continued

Examiner comments

(b) Fig. 4.1 shows part of a maize cob. The cob is made up of many individual seeds called
kernels. Each kernel results from a separate fertilisation of a male and a female gamete.
Some kernels are yellow and some are purple.

Fig. 4.1

Name the type of variation shown in Fig. 4.1. Suggest a genetic explanation for this pattern of
variation in colour.

type of variation D)SCOﬂh‘naU)‘Uafm.h’dY‘e .......................................................
explanation hven, —mEere—teb) GXBL;SQH?MOWQ'CQU'\ .............

....... Ottt sha. Thae. cee. O bboent  odlaus of. the colows.
genes. Thak cre... Comied.... fay....ala.. s Femete . Bermalis
Barrsiss... The...cand o Sty Ser Sisavmn.. 5.

Meason.... RC..... 3. Ladiehtn.... lﬁpﬂ-ppm ...............................
..... ﬁdsomdwmdw%sww*&&/e&mmsam 3]
c)wbnﬂ Ler W lisabon Plckjs el N SO WEliGhtn

t cppeas. @

e This is the correct
answer and scores one
mark.

6 This answer is vague
and describes some
principles of sexual
reproduction generating
variation in offspring,
without using Fig. 4.1 to
probe the genetic
underpinnings of the
ratio observed in detail.

Mark for (b) = 1/3
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Example candidate response — middle, continued Examiner comments

(c) Maize and other crops have been genetically modified since 1996 to produce the Bt toxin to
kill insect pests.

Fig. 4.2 shows the area of Bt crops grown (plotied points) and the number of insect pest
species in-which resistance to Bt has been reported (bars).

—=— Bt crops
[] resistant species

70 7
60 JiiiE : : 6
50 : S g 7 e )
7 14
area.of Bt H number of
Crops grown / 1 resistant
/milfion i 3 B }| pestspecies
hectares I X S g
30 : SO O
20 2 5. {2
s ERN
1 SERAEEESS : G
0 A h L ) i A : 0
© L O L DY O X o © O Q0 N
X OO0 ST LN LT ELTLLSLLSL &N QX
DO I I PP TP PP P P
year
Fig. 4.2
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Example candidate response — middle, continued

Examiner comments

(i) Describe and-suggest an explanation for the: relationship between the area.of Bt crops
grown and the number of resistant pest species.

Brs.area. ok Rk Srops..qpoun. dnGieanes Peoin.. 1 2.6 KL

cﬂiﬁscpmhww%med,w ...... @u&’fh«mmm ....................
..... A= maa%—&%uapssmb’hmuemc?fw

Q.....‘fé..t.v.ﬁ.&.t.-:m..L.mm.._h.LL...é.e.,.,.fhs..mm.m...o?r..._m.\sm\:...........
fpmtspmwﬂ—a«k)&vWd,%rr\hﬂqwzhl!

ot Skeated. .o reesing, Yrom.. 2008 Bl 201 2009, Ahen...
Species -

Tngeasng dhe. Selcchon. Preasuse. R . Pakan.. 056k, ... (4] )

maize.
500ial AAVANLAGE .eovoro XN SPANOm €T e Max1cpfoduchm
Ingeants M#@ . T —
environmental advantage ...\ A NYaec. (k... PRV bee) ineseavses
So.. lesz.dumast.. Yo Plo o 12
@ [I'otal:13]-

7]

By 2002 one resistant
insect species was
recorded, so the
candidate has misread
and misquoted the
information on the
graph.

This is an odd figure to
pick as it does not
coincide with the centre
point of a year or with
the first record of a
resistant pest species.
No x axis figure (year) is
given for this figure
quote or for the next.

A mark is given for a
correct description of
the plateau in resistance
between 2002 and
2005.

This marking point has
already been awarded
(the AVP, marking point
7).

The candidate does not
say that the insects are
resistant to Bt, so does
not get a mark for the

attempt to explain the

data in terms of natural
selection for resistance.

Mark for (c) (i) = 1/4

&

&

The advantage of Bt
maize to human society
is succinctly expressed.

This answer is vague as
we do not know what
plants are meant. In
fact, the insects killed by
Bt are unlikely to feed
on other wild plants.

Mark for (c) (ii) = 1/2

Total marks awarded =
5out of 13
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How the candidate could have improved their answer

(a) The reference to generations could have been developed to give the idea of many repetitions of the
process, and the specific name for extremely short-stemmed varieties could have been used (dwarf
varieties).

(b) The candidate could have considered how many genes and alleles would be needed to give the pattern
seen on Fig. 4.1.

(c) (i) Data quotes from graphs always need an x and a y axis reference to score. The candidate spent most

of their time and the space available on attempts at description that lacked full coordinates. The one
cramped sentence of explanation needed the word ‘resistant’.

Mark awarded = (a) 2/4
Mark awarded = (b) 1/3
Mark awarded = (c) (i) 1/4, (ii) 1/2

Total marks awarded = 5 out of 13
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Example candidate response — low

Examiner comments

4  Maize is an important food crop that has been improved both by selective breeding and by genetic
modification.

(a) Outline how selective breeding has been used to improve maize.

e MQEZ o S5t Bt .. ... OB o003, D).
e IO B G Y o0 et 010 B
e maize........dhat. bas......ollele.. Shak..aan..........
he....besk....edaped.. So.... e eovipment:

(F 00 aceded. Wlth....... dome... Specees... best
2 L) V... S0l 5. o

(b) Fig. 4.1 shows part of-a maize cob. The cob is made up of many individual seeds called
kernels, Each kernel results from a separate fertilisation of a male and a female gamete.
Some kernels are yellow and some are purple.

Fig. 4.1

Name the type of variation shown in Fig. 4.1. Suggest a genetic explanation for this pattern of
variation in colour.

type of variation &SC‘{BX\&\I\DQQS\MMW‘G .........................................
explanation l‘htﬁ ...... mtg .......... I HHMQ.CQA .................... 6 ................
O o RIE LSS SO LN UIES e
Aol 08 .. gre.... IS 4. g0k

........

2]

Food crop maize
varieties all belong to
one species, Zea mays,
so this is a mistake.

A mark is gained for
describing a desirable
characteristic of maize.

Owing to the error about
crossing species, no
more marks are
awarded and the
candidate does not
adequately develop the
idea of hybridisation
between inbred lines.

Mark for (a) = 1/4

(4]
(5]

This name is correct.

This is true but the
number of genes and
alleles needed are not
considered.

Mark for (b) = 1/3
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Example candidate response — low, continued Examiner comments
(c) Maize and other crops have been genetically modified since 1996 to produce the Bt toxin to
kill insect pests.
Fig. 4.2 shows the area of Bt crops grown (plotted points) and the number of insect pest
species in which resistance to Bt has been reported (bars).
—=— Bt crops
[[] resistant species
70 . 3 7
60 6
50 gk £9 v ¥ 4 3
40 / oy
area of Bt 3 5 H number of
crops grown O b resistant
/million B | pest species
hectares k8 . 1
30 i 13
... R 3 8
20 1 EOE O e
10 e e B 1
0 : i) b': L = X L ' 0
o L N O & & & &> © @ O ,0 N
FEEELL IS SS
year
Fig. 4.2
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Example candidate response — low, continued

Examiner comments

(i) Describe and suggest an explanation for.the relationship between. the area of Bt crops
grown and the number of resistant pest species.

ek ob Eisiend. . pek

......................................................................... ... Nesmeadiale
$n DXL he....0org. he......
..... e 008, 0k B Cope.. ga.....meo2ac...........
end. s bhetweens..
............................................................. [4]
(i) Suggest one social advantage and one environmental advantage of gréwing this Bt
maize. .
social advantage ..........XAQFE. \Jaﬂ&g@dlfvﬂéh.g ..................
environmental advantage %MMSLSNQ .......................
T e U T G SR o N U SR s e s R 2]
[Total: 13]

Q This is true but the
question asks for the
relationship between
two variables not just
over time, so no mark is
awarded.

e The area increases over
16 years, not one year,
and this sentence is not
linked to the previous
one.

Mark for (c) (i) = 0/4

6 Growing more of one
type of food does not
increase the variety
available.

Q This unexplained word
does not answer the
question.

Mark for (c) (ii) = 0/2

Total marks awarded =
2 out of 13

How the candidate could have improved their answer

(a) The candidate should have applied the definition of the biological concept of a species and used the

words variety or line for specific breeding groups within the maize species.

(b) The comment ‘only influenced by genes’ needed developing further.

(c) (i) The candidate was asked to describe a relationship between two variables plotted against time, and
would have done well to model their answer on ‘as the first y axis variable increases, the second y axis

variable also increases’.

(c) (ii) This answer contradicts the known facts. If ‘variety of’ had been left out of the answer, it would have

been awarded a mark.

Mark awarded = (a) 1/4
Mark awarded = (b) 1/3
Mark awarded = (c) (i) 0/4, (ii) 0/2

Total marks awarded = 2 out of 13
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Common mistakes candidates made in this question

(a) When candidates discussed selective breeding in general, they often didn’'t add any detailed case study
examples relating to maize, such as creating F1 hybrid varieties, or cross-breeding with dwarf individuals
containing mutant alleles for synthesis of gibberellin.

(b) Many candidates assumed Fig. 4.1 was there to show that corn cob kernels are one of two colours. This
could have been said in words without a diagram. Candidates didn’t pick up on the ratio information shown in
the figure.

(c) (i) Many candidates made errors reading off numbers from the graph. Many did not give both x and y
coordinates for points along the area of Bt crops grown line.

(c) (ii) The major advantage to the environment of Bt maize is that insects feeding on plants other than

maize do not get killed, as general insecticides no longer need to be sprayed. Candidates seemed
unpractised at considering the positive advantages of Bt crops.
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Question 5

Example candidate response — high

Examiner comments

5  Fig. 5.1 shows a water vole, Arvicola amphibius. This species is native to Great Britain.

Fig. 5.1
The numbers of water voles are estimated to have fallen by 94% in the last century.

This is thotight to be due to habitat fragmentation and also to extensive predation by mink,
Neovison vison, shown in Fig. 5.2. Mink originated in North America but were brought to Great
Britain for fur farming. Some escaped or were released into the wild, where their numbers rapidly
increased.

Fig. 5.2

(a) Name and describe a method for.estimating the abundance of water voles in a local area.
kaﬁmwma‘ammwacmmwmo ..........
......... oy PRACL... O LoaTANY. Mol . 00 (0.1, 100 ). 4k M AMA AN

< e Raptor
mwumwww‘&a?wmw&c%mw{/

2]

e S0 S T N 08 0. 25 phutiach.. NG S 0. o b

totzl 0o. Shvaes Mateat om%

OXQ....mavieed.: %@,\m@d&y\m e

(1]
(2]

A mark is given for the
name of the method.

No detail is given about
how the voles are
trapped but there is a
wealth of detail about
the marking process.

The length of time that
elapses before the
second round of
trapping earns a mark.

The formula provided
finds the difference
between the number of
voles caught in the first
and second samples;
however, these two
figures should be
multiplied together on
the top line of the
calculation.

Mark for (a) = 3/4
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Example candidate response — high, continued

Examiner comments

(b) Both water voles and mirik are classified as class Mammalia, phylum Chordata, kingdom
Animalia.

Outline two features of the cells of members of the kingdom Animalia that distinguish them
from the cells of other multicellular eukaryotes.

1 e M8 bave. il

Qmwmmmnwmmrmw ............ 0 STHA, . ond. Con.ales.
e b Lo Aoforchoan o halda 2 sy tiak\ag. conrdled fo. coniQue
..... me\bmwam A .. 7. ok ANerakyy. and AR [3]

balance ™m e chodn ¢ ¥ ewsuatera
(i) Suggest one way of controlling mink numbers in Great Britain.

g BN 0. ChOMTL, Sonbmteplian Lo kRep.....

........ .fx?wm‘&w\avaLTwMa%Lm&ogm/zpm%wa

........................... ]
[Total: 10]

(5]

This answer is too brief
and it lacks a subject.
However, it refers to the
target of the question
(animal cells) so this
gets a mark.

Although this is a
negative feature,
something animal cells
don’t have, it is
considered markworthy
because other cells of
multicellular eukaryotes,
plants and fungi, do
have cell walls (on all
cells).

Mark for (b) = 2/2

7]

18]

19

A mark is given for the
idea that the alien
species may be a
predator of another
native species.

Reduction in another
species' abundance
scores here.

The impact of the alien
species in changing or
destroying the habitat
scores a mark.

Mark for (c) (i) = 3/3

10

The Contraceptive
measures are credited
on the mark scheme,
along with hunting the
mink or using a disease
agent specific to mink.

Mark for (c) (ii) = 1/1

Total marks awarded =
9 out of 10

How the candidate could have improved their answer

(a) The candidate could have described how the voles would be captured each time, e.g. type of traps used.

(b) The candidate should have used full sentences, e.g. ‘Animal cells may have cilia’.

Mark awarded = (a) 3/4
Mark awarded = (b) 2/2
Mark awarded = (c) (i) 3/3, (ii) 1/1

Total marks awarded = 9 out of 10
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Example candidate response — middle

Examiner comments

5 Fig. 5.1 shows a water vole, Arvicola amphibius. This species is native to Great Britain.

' Fig.51 = o

" The numbers of water vofe:s;a}e e§timatéd td have fallen'by 94% in the last centuty.

This is thought to be due to ha‘bitat fragmentation and also to extensive predation by mink,
- Neovison vison,.shown in Fig. 5.2. Mink originated.in: North .Amegrica but were brought to Great

Britain for fur farming. Some escaped or were released into the wild, where théir numbers rapidly
ingréased.” |, . .

Fig. 5.2

(a) Name and describe a method for estimating the abundance of water voles in a local area.

2 qued&(—hsuitd/LmQM’wd

rthed Lecase it wbhmw\M%ﬁAM
bwﬁmt&%&u\&d&%%vounc@pw&

12)

vOles. 208.. Cagnted . Te.2hie. o8 inn s Ked de dnvmsiced 1.3, B85 .

ekt tresme bohe. whole. soadadin S2. 09t ofie.is. e St .. [4)
251ty of asifally ~harked sPex w2der wo\eR o Ne omryrveed-
r‘esh‘a(’{:iwbl@‘w\eﬁ

o The correct name for

the technique scores a
mark.

e No details of capturing
or marking are given.

e The time that elapses
until ‘then’ is not
specified.

Mark for (a) = 1/4
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Example candidate response — middle, continued Examiner comments
(b) Both water voles and mink are classified as class Mammalia, phylum Chordata, kingdom e “They’ is taken to mean
Animake; animal cells so this
Outline two features of the cells of members of the kingdom Animalia that distinguish them scores a mark.
from the cells of other multicellular eukaryotes.
CQI\MR\-B«&Q?”AC&(‘P‘“M ............... 6 Absence of a cell wall is
considered an
....... . g identifying feature of
r animal cells. Not having
2 deon* ...... Mo Coll vl Sy A Rrs e VLB O ... large vacuoles is
Shlecedas t S el 2 potentially a third mark
: but only two marks are
(c¢) (i) Discuss the reasons why alien species should be controlled. available for this
Rcaus.. M. compede for. fod. 3od. skt 23 . astginat question. Not having
: Frvii@ ) chloroplasts is ignored
lowad. speea 5. co i g eis tavnbers. Jn.. gy, T anig i as a neutral point.
yoX ot 20ny. nahad). g red Aers Aol et Conn )y uds. Mark for (b) = 2/2
S bess. Bl aserse vocontrllably .. Sove s alion........ 6
. % Identification of alien
?.)X.\.{'S...gm,«?...,m...‘szLd.\’.t}gS..a..m.&?ﬁn...m..t..%.d&ﬁtt ......... SpeCieS as pOSSible
(8 @ﬂ!’x(\’f\,ﬁwddauﬂ'l\jm.g\a*@zdmaﬂu\dnm comfet|tors scores a
. § mark.
WG&UI\MAW]V:‘)%QI):'\'“&W‘M{U‘Q ............. [3]
(i) Suggest one way of controlling mink numbers in Great Britain. e Th_iS scores marking
P F 3 . L ;. @ point 1, that numbers of
v Vs g decrease.
........ ' . ) 6 This is incorrect as, in
[Total: 10] order to compete with

others, the alien species
must eat the same food
as a native species.
However, it is not a
direct opposite of the
mark point already given
SO was ignored.

Q This is the same
marking point as
‘causing their numbers
to drop’, already given in
line 2.

Mark for (c) (i) = 2/3
@ This idea scores a mark.
Mark for (c) (ii) = 1/1

Total marks awarded =
6 out of 10

Cambridge International AS and A Level Biology 9700 53



Paper 4 — A Level structured questions

54

How the candidate could have improved their answer

(a) The details about how the voles are trapped, marked and how long they are left for could have been
expanded, as could the formula used to calculate the population size.

(c) (i) This answer contradicted itself and then repeated itself. It could have been improved with more

methodical thinking about all the ways in which alien species can fit into a pre-existing food web.

Mark awarded = (a) 1/4
Mark awarded = (b) 2/2
Mark awarded = (c) (i) 2/3, (ii) 1/1

Total marks awarded = 6 out of 10
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Example candidate response — low Examiner comments

5 Fig. 5.1 shows a water vole, Arvicola amphibius. This species is:native to Great Britain.

Fig. 5.1
The numbers of water voles are estimated to have fallen by 94% in the last century.

This is thought to be due to habitat fragmentation and also to extensive predation by mink,
Neovison vison, shown in Fig. 5.2. Mink originated in North ‘America but were brought to Great
Britain for fur farming. Some:escaped:or were released into the wild, where their numbers rapidly:
increased.

Fig. 5.2

(a2) Name and describe a method for estimating the abundance of water voles in a local area.

...Y.).‘.J.....5.‘3!‘5!‘2\.‘:‘.‘.'}3...,...;..9.1.19&-...9.‘.‘.&95;\:»3....:9.—....9.‘..‘.’.}:%'.\':«....Q-m.m..,....f.ewah'mj....lw.v:é ...........

watrr.veles. e axg.. . dhe b sec s in s svnd . ot e, o No reference to the
o mark-release-recapture
"""""" method is made. The
method described
seems to assume the
............. water voles will be easy
to see and count in the
same way that plants
.............. RRCTCITI T CCLTILT . = W are.

Mark for (a) = 0/4
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Example candidate response — low, continued

Examiner comments

(b) Both water voles and mink are classified as class Mammalia, phylum Chordata, kingdom
Animalia.

Outline two features of the cells of members ‘of the kingdom Annmaha that distinguish. them
frorn the cells of other multicellular eukaryotes.

1 Sexbain. L 3.sp.$9me§...9

................................................................................... 21 -
(c) (i). Discuss the reasons why alien species should be controlled
1\*3 g e enina . ot species i Wil abfeck Mt
: (ems J~
......... \:ot\ws‘joF«\'ow . 8le. @il shang e foo
heing., [ 5 1
....................................................................... [3]

(n) Suggest one way of controlling mink numbers in Great Britain.

SR prededer..ob e mink, Q ............... sessendiss BN

. - 1]

[Total: 10]

@ Thecels of all
multicellular eukaryotes
contain lysosomes so
this is not a unique
animal cell feature.

e This is awarded a mark,
although the candidate
has left the examiner to
guess the identity of the
cells which may have
microvilli.

Mark for (b) = 1/2

e This scores marking
point 1 for the idea of
reducing the number of
another species.

e Altering food chains
scores a mark.

Mark for (c) (i) = 2/3

@ Since mink are medium-
sized carnivores, the
predators that could
catch and eat them are
likely to be a danger to
the health of humans,
farm and domestic
animals as well as mink.
Releasing a new alien
predator species like the
lynx into the British
countryside is not
considered a feasible
idea.

Mark for (c) (ii) = 0/1

Total marks awarded =
3 outof 10

How the candidate could have improved their answer

(a) The candidate needed to look more closely at Fig. 5.1 and realise that voles cannot be counted by

sightings alone.

(c) (i) The answer should have gone on to consider how the alien species might exterminate another species

or change food chains.
Mark awarded = (a) 0/4
Mark awarded = (b) 1/2
Mark awarded = (c) (i) 2/3, (ii) 0/1

Total marks awarded = 3 out of 10
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Common mistakes candidates made in this question

(a) Candidates who did not look closely at Fig. 5.1 to see what sort of animals water voles are incorrectly
referred to the possibility of counting these fast-moving and secretive creatures using quadrat frames.

(b) Candidates frequently abandoned the most basic elements of an English sentence (subject, verb, object)
when answering this question.

(c) (i) Candidates often repeated the same idea, such as a reduction in biodiversity, without going on to
consider how this occurs or what causes it.

(c) (ii) Candidates didn’t consider what predators of mink might be like and their potential effect on the

ecosystem and on human activities when suggesting that the answer to one problem alien species is to
introduce another.
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Question 6

Example candidate response — high

Examiner comments

6 The fruit fly, Drosophila melanogaster, has eyes, a. striped abdomen and wings longer than its
abdomen. This is called a ‘wild-type’ fly.

Mutation has resulted in many variations of these features.

Table 6.1 shows diagrams of a wild-type fly and three other flies, each of which. shows one
recessive mutation.

Table 6.1 J

veCessive

eyes 1 |\ present present absent present
. YeCessive ) )
-abdomen i striped - black -~ stn_ped - striped -
- Ceessive
wing description long long long short

(a) Using appropriate symbols, complete thé genetic diagram below.

symbols

A olaol adodowen

E ¢ Qo & f;/«&
parental " witheyes X noeyes
phenotypes black abdomen striped abdomen
parental E e Qo (2 /(O\ 9
genotypes
gametes "

d

offspring l @ 9

¢ o\
genotypes [ g’ eelac Leda 66/40\0

offspring with eyes no eyes with eyes no eyes
phenotypes black abdomen  black abdomen siriped abdomen striped abdomen

4

o The symbols are correct
and identified
appropriately. The
misspelling ‘stribed’ is
assumed to be ‘striped’.

e Using the symbols
given, these parental
genotypes match the
phenotypes and lead to
four different offspring
genotypes.

e The gametes are
haploid and correctly
deduced from the
parental genotypes.

e The offspring genotypes
follow on from the
previous working and
are in the correct order
to match the offspring
phenotypes.

Mark for (a) = 4/4
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Example candidate response — high, continued

Examiner comments

(b) State how you would carry out a test cross.

.C,m.%:a..b.\cqpﬂ...ta'i.ea...a!m&ae&i..\a....s.\mi%.::kﬁmﬂux&.. e

QMM&WMNQ\.W\M%g“}?%Y‘QQe&S\U&oM 1

(5]

(c) A cross was carried out between a fly heterozygous for siriped ab‘c{gﬁn"g zland long wings and
a fly with a black abdomen and shoit wings. @®a. || . l (
: ' fa L % & 1l

The results are shown below in Table 6.2.

, ! al )
Table 6.2 '

offs_pring numbe;" ’ @ AOLL—(

stripéd abdomen
8 Aa Ul

. long wing ' a’
) black abdomen y
long wing &t @ ra L(

striped abdomen 81 OL_Q/L(
short wing
black abdomen 78
short wing
total 332

A chi-squared test (x2) was carried-out on these data. A
_Corriplete Table 6.3 and calculate the value of 2.

Table 6.3

observed expected O-E ©- AE)z (0"- E)z
number (O) | number (E) j E

S S IR CU G
L2 IR D TENS DUV S U
Bk I T . . (.F Qa00..
7 |..82..] 0585 2x%. |

332 332

Z £ sur.n of... e

e This answer shows
awareness that a test
cross involves crossing
an organism of
dominant phenotype
with an organism that is
homozygous recessive
for that feature.

Mark for (b) = 1/1

@ All lines of the table are
correct. The expected
number has been
calculated as the total
divided by 4. Where the
difference O —E is
negative, the square of
that number is shown as
being positive. The final
column figures are given
to an appropriate
number of decimal
places, two reflecting
two steps of processing
in the last two columns.

e The figures in the final
column in Table 6.3 are
added together correctly
to find their sum.

Mark for (c) = 3/3
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Example candidate response — high, continued

Examiner comments

(d) Table 6.4 shows 2 values.

Table 6.4 Jé

prdbability
degrees of freedom - ‘
1050 |020. [0.10 |0.05 |0.02 0.01 | 0.001
3 237 464 |625 |782 |984 |11.34 |1627

Using Table 6.4, explain what conclusions can be made about the results of the %2 test.
“The..Usdue A M. S\iosas..on %\cm)a‘:\\\“tjtb“rep%v .......
"kQLQ»«.Q}\.D% \%v%@ﬁ“‘ﬁﬁ%d@QQMW\oﬁtw&% ........
O\t e .. omah e e anaes. 55 na Sisgicont
S TR T T T 9

[Total: 10]

6 A mark is awarded for
identifying which side of
probability value 0.05
the chi-squared value
falls on. In this case the
calculated value is very
small and is to the left of
that for probability 0.05,
reflecting a high
probability of this
amount of deviation
between observed and
expected occurring by
chance.

9 The reasoning leads to
the correct conclusion,
that the difference
between what was
expected and what was
observed is not
significant.

Mark for (d) = 2/2

Total marks awarded =
10 out of 10

How the candidate could have improved their answer

The candidate followed all the steps of working out and explaining correctly. Although candidates are not
penalised for spelling mistakes where the misspelt word cannot be mistaken for another word, care should
be taken especially where the word is written in the question. Here, ‘stribed’ was accepted as ‘striped’.

Mark awarded = (a) 4/4
Mark awarded = (b) 1/1
Mark awarded = (¢) 3/3
Mark awarded = (d) 2/2

Total marks awarded = 10 out of 10
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Example candidate response — middle

Examiner comments

6 The fruit fly, Drosophila melanogastér, has eyes, astriped abdomen and wings longer than its
abdomen This is called a ‘wild-type’ fly.

Mutatlon has resulted in. many variations-of these features.

Table ‘6.1 shows diagrams of a wild-type fly and three other flies, each of which. shows one
recessive mutation.

Table 6.1

eyes present present. absent. present
abciomen striped black striped striped
wing description | long 4 '4 long long short
(a) Using appropriate symbols, complete the genetic diagram below.
3 \ .
symbols
B i s (enioet) l
L™
e — wiilhout- Q{QS o
.sﬁ....ﬁmg@é...ﬁhiem‘z.gm““““”ﬂ '
parental witheyes X  noeyes
phenotypes black abdomen striped abdomen
parental B o ' ? -
genotypes 2o Eess X eeSs. e
gametes @ x .
offspring . -
genotypes £esS - eess- Ee Ss eeSs
G e s I eesSs
offspring with eyes no eyes with eyes no eyes
phenotypes black abdomen  black abdomen striped abdomen striped abdomen

[4]

o The symbols are
correct.

9 The cross is worked
correctly.

Mark for (a) = 4/4
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Example candidate response — middle, continued

Examiner comments

(b) State how you would carry out a test cross.

(c) A cross was carried-out between a fly heterozygous for striped abdomen and long.wings and
a fly with a black abdomen and short wings.

The results are shown below in Table 6.2.

‘ - Table 6.2 ' -
offspring nu.m-ber
striped abdomen 86 1 e
. long wing R ‘
black abdoimen 87 _ 'i’,' L
long wing 5 ame SR
-~ - - - ot .
striped abdomen . 81 3 .
. short wing :
black abdomen 78
short wing ' !
total - 332

A chi-squared test (x?) was carried out on these data.

Complete Table 6.3 and .calc_ulate the va_lue of %2,

Table 6.3
observed | expected | - 5 (0-E)
number (O) | number (E) ok (O=E) E
| LB | L — - I AL
87 .85 K | 0213
81 83 ; T | ﬂ-. .............. 9.:.9.?....'...
O OO S z5.. 25 $:30
| 332 332
0 -E)?
o2 =_z( = )

6 The word ‘species’ is
used inappropriately
and a test cross is
defined as involving one
parent that is
homozygous recessive
for the feature of
interest.

Mark for (b) = 0/1

o The working and
concluding figure of the
chi squared test are all
correct, gaining three
marks.

Mark for (c) = 3/3

62
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Example candidate response — middle, continued Examiner comments
_(d) Table 6.4 shows 2 values.
Table 6.4 ° ' @ The candidate
understands that they
probability ' must compare their

degrees of freedom calculated chi squared

050 1020 |040 |005 |0.02 | 001 | 0.00f value with the one in the
3 237 |464 |625 |[7.82 1984 |11.34 |16.27 table at probability 0.05.
" o ‘ This gains a mark.

Using Table 6.4, explain what conclusions can be made about the results of the %2 test.

......................... AE.can bo seen oot the X sesate ifer. | @ Thefactthatthe
candidate’s calculated
below T-82 : This means that- fhe Nalue & be Chane and mott value is smaller than
T 7.82 tells us something
5‘?1"&5““/{_ e . ........ seneranansanenranntnan ‘...:.... abOUt the difference
: between the observed
: and the expected
SIS Fens b msaemennamanniiniiibensonsnensaasss crerbrvions : “ [2] results, not about ‘the
value'.

[Total: 10]
Mark for (d) = 1/2

Total marks awarded =
8 out of 10

How the candidate could have improved their answer

(b) The candidate did not seem familiar with the meaning of ‘test cross’, but their answer could still have
been improved if ‘two species’ had been corrected to ‘two members of the species’.

(d) The candidate showed a lack of precision in using technical terms. If they had said ‘the difference’

instead of ‘the value’, they would have been awarded another mark.

Mark awarded = (a) 4/4
Mark awarded = (b) 0/1
Mark awarded = (¢) 3/3
Mark awarded = (d) 1/2

Total marks awarded = 8 out of 10
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Example candidate response — low

Examiner comments

6

The fruit fly, Drosophila melanogaster, has eyes, a striped abdomen and wings longer than its
abdomen. This is called a ‘wild-type’ fly.

Mutation has resulted in many variations of these features.

Table 6.1 shows diagrams of a wild-type fly and three other flies, each of which shows one
recessive mutation.

Table 6.1

eyes present present present
b -
abdomen H striped black striped-. grjéed)
wing description long N long long short
(a) Using appfopria’té symbols, complete the genetic diagram below.
symbols £+ " * donver E
Eabe vecessice- € A (1)
Eéan
ee.ha.. ..
e los.
parental witheyes X no eyes
phenotypes black abdomen striped abdomen
parental &ea@ AR e
genolypes
s EO@ G006 GO
ofspring  EePa , Eea e eaa
genotypes ) q € AO\; & G
offspring with eyes co no eyes with eyes no eyes
phenotypes black abdomen  black abdomen  striped abdomen striped abdomen
. i 7 .
: [4]
-

o While E, e, Aand a are

appropriate symbols,
the meaning of each
has not been specified
so the first mark was not
awarded.

The symbols used here
correctly reflect parents
that are homozygous
recessive for one
characteristic and
heterozygous for the
other.

Although they do not
need to be written twice
in each case, the
gamete symbols are
correct.

@ While the offspring listed

match the cross carried
out, they have not been
placed in the correct
order to match the
offspring phenotype
information written
below them. So, for
example, EeAa will have
eyes and a striped
abdomen, not a black
one.

Mark for (a) = 2/4
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Example candidate response — low, continued

Examiner comments

(b) State how you would carry out a test cross.

(c) A cross was carried:out between a fly heterozygous for striped abdomen and long wings-and

e A test cross can be
monogenic, digenic or
trigenic, etc., and the
key detail of what a test
cross involves has not
been given.

Mark for (b) = 0/1

a fly with a black abdomen and short wings. > L,\
ok P
The resulis are shown.bélow in Table 6.2. be‘ ) ) !’\
Table 6.2 et 51
=
offspring number
striped abdomen . 88 B
‘long wing
black abdomen
long wing L
striped abdomen 81
short wing
black abdomen. - )
short win =T = :
2 1@ lea] enlen
ol | s e kw » »eeéPé‘ eot

A chi-squared test (x2)-was cafried out'of these data.

o \W £e 00 Cwi’l

Complete Table 6.3-and calculate the value of 2. eP \@%—}WG@P@. @%6:\
Table 6.3 e A 200 et o \eega]
observed' | expected ; (0-EF | 4
number (0) | number (E) O-E 4 (0-Bp E- |\
86 2% ol
o7 | .85 4.
81 85 . ~2
O - =
s | ss2
=30 B @ Al the steps of the chi
squared calculation
2 < sumof.. ' 6 have been performed
2 0Os 3 18] correctly.

Mark for (c) = 3/3
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Example candidate response — low, continued Examiner comments
(d) Table 6.4 shows %2 values.
Table 6.4 e The. statistical test aims
to discover whether the
probability difference between
degrees of freedom 560, 1080 p oot | o observed and expected
: : 910 905 |u0e : : values is significant or
3 237 |464 |625 |7.82 |9.84 |11.34 |16.27 not.
Using Table 6.4, explain what conclusions can be made about the resullts of the x? test. e No reasoning using
S See S oberved....ond.... expecled. Nalver. art...... Table 6.4 is given fo
- support this wrong
SLQNQ[GQM)’OY ........ I 7 N conclusion.
Anere.....is.... Siguibtaance.... bebuten....... oered...and...... _
Mark for (d) = 0/2
el e O

............................................................................................................ [2] Total marks awarded =
5 out of 10

[Total: 10]

How the candidate could have improved their answer

(a) The candidate should have specified the meanings of the symbols they used here. The final line of
answers needed to be rearranged to match up with the final printed line.

(d) The candidate needed to make use of Table 6.4 to draw a conclusion using their own figure. The answer
should have contained at least two numerical values, their own calculated value and either probability 0.05 or
the figure 7.82 from the table.

Mark awarded = (a) 2/4
Mark awarded = (b) 0/1
Mark awarded = (¢) 3/3
Mark awarded = (d) 0/2

Total marks awarded = 5 out of 10

Common mistakes candidates made in this question

(a) The most common mistake was to ignore the information given above Table 6.1 and to make the black
abdomen allele dominant instead of recessive. Some candidates did not realise that two phenotypic features
meant that the cross was dihybrid, needing two pairs of symbols, one letter for each gene.

(b) Some candidates knew that one cross partner must be homozygous recessive but they crossed this
individual with a known heterozygous or homozygous dominant individual, instead of with an individual
showing the dominant phenotype but unknown genotype (which the test cross is designed to deduce).

(c) Some candidates made errors in rounding figures from many decimal places to two or three. Some
candidates did not know how to calculate the expected values from an understanding of the genetic cross to
give a 1:1:1:1 ratio of offspring.

(d) The most common mistake was for candidates not to know that the chi-squared test measures the
probability of the difference between the observed and expected results occurring by chance. A small chi-
squared value shows little difference, which is not significant and is likely to have arisen due to chance
events. A large chi-squared value represents a large difference. This has a small probability of being due to
chance and if the difference is significant (the probability of it occurring is less than 0.05), we must reject our
original hypothesis. In this case, the hypothesis was of the two genes assorting independently to give a
1:1:1:1 ratio in the results.

66 Cambridge International AS and A Level Biology 9700



Paper 4 — A Level structured questions

Question 7

Example candidate response — high

Examiner comments

7 (a) Animportant function-of control systems in mammals is homeostasis.

Explain what i$ m@anit by the term homeostasis.

......... o ‘ .0

(b) Insulin plays a-part in homeostasis. It affects muscle and liver cells to biing about a decrease
in blood glucose concentration, particularly-after ameal.

(i) Insulin is composed of two polypeptides which are made in § cells in the pancreas.

State precisely"édmre in B cells polypeptide molecules are synthesised.

.....fx\ao&om...gm.x:o.\.\gg\h.M.Q\as,m&g"m&i.tcmkm .............. 1]
(ii) Name the process by which insulin is secreted from f cells.
eXol \S%o&\\ﬁa ...... i

@ The definition of
homeostasis is
complete and correct.

Mark for (a) = 1/1

e The correct part of the
cell is named.

Mark for (b) (i) = 1/1

e The correct process is
given.

Mark for (b) (ii) = 1/1
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Example candidate response — high, continued

Examiner comments

(iti) Describe the effects of insulin on muscle cells.

L Tesuboe sbimedakes. wascle. colls. o hnorease. Heair.....
O ke .ot ucste omNoady dnel . noreasit.......

‘fﬁﬂ.ﬂY@Z’fﬁ.oQ\r&sQ'\“‘dﬂ)kvﬁ%z\.&&%ﬁ&&%@k}&e

’%t@mmvﬁw&x\ﬁmd&mﬂs%%wﬂ

................................................... 18]

(c) During periods of stress or extreme exercise more glucose needs to be released into the
blood. The hormone adrenaline is released and binds to receptors on the cell surface
membranes of liver cells.

Describe how the effect of adrenaline on liver cells results in an increase in blood glucose

concentration.
Aoﬂ/{MsM\auw{sﬁv&eeﬁwsov\c&l(%worwaw\orm '
o e ctlls . actived .“\.v%..Q...G..%:.c.«.?.\xu‘..A.:....G.§xm.vx..&§t§.!qj‘@

O\W\o\’m«\onw«e(m%:j s et % ‘t&vxx)&/ﬁ@':\ﬁ\ '4‘?9 +e
%o&?c«/{ng%othmQaﬁﬁuaﬂms ..... \<\%m%3m®

.\.ﬁ.\.’.\.a&cf...&m.%..M&...m‘t&.sm;ﬁ:ea...qh.%%f?.ﬁg...&..&m%ﬁm.&m&m@ﬁ&.m

Muﬁ%mﬁbu%e&gks@gm?hﬂ\wrg_maﬁ%m
w\\?dxaﬁf%m\opr&wmok3\{3&0%“&5\&(&3{‘®

3&5!.@@%.0&?%}@22:o'&;taga\\)wcﬁub\%a%ﬁ\a\m -
“\Wegs\g\q\%g&f}\wo&aewm&r«?ﬁaw

[Total: 11]

o

(5]

6]

The first effect listed is
correct and gains a
mark.

The comment about
increased rate of
respiration of glucose
scores a second mark.

A third effect is
described correctly and
named (the spelling
mistake is ignored).

Mark for (b) (iii) = 3/3

(7]
(8]

(9]
10
®
&

This scores marking
point 2.

The enzyme is not
named so does not
score marking point 3.

The product is named
and scores marking
point 4.

This stage in the
process earns marking
point 6.

The term ‘enzyme
cascade’ earns marking
point 7.

The wording ‘break
down’ instead of
‘hydrolysis’ is allowed,
so this statement earns
marking point 8.

Mark for (c) = 5/5

Total marks awarded =
11 out of 11

How the candidate could have improved their answer

(a) & (b) All the answers were full and precise. In (¢), additional details like the name ‘adenyl cyclase’ and
the fact that cyclic AMP can be described as a second messenger could have been added.

Mark awarded = (a) 1/1
Mark awarded = (b) (i) 1/1, (ii) 1/1, (iii) 3 /3
Mark awarded = (c¢) 5/5

Total marks awarded = 11 out of 11
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Example candidate response — middle Examiner comments

7 (a) Animportant function of control systems in mammals is homeostasis.

o This is not a general

N definition but an

tO ........ MQA’\}@W\ ..................... b 0®mpmmxﬁk{\i_n examp|e of homeostasis
so does not score a
mark.

Explain what is meant by the term homeostasis.

Mark for (a) = 0/1

(b) Insulin plays a part in homeostasis. It affects muscle and liver cells to bring about a decrease
in blood glucose concentration, particularly after a meal.

e The question asks for a

i) Insulini d of two polypeptid hich are made in  cells in the pancreas. . .
(i) Insulin is composed of two polypeptides whic made in p location in the beta

State precisely where in g cells polypeptide molecules are synthesised. cells, not where the beta
cells are.
...................... pancrexs..@) ; [1]
(i) Name the process by which insulin is secreted from § cells. Mark for (b) (i) = 0/1

....................... ﬁxo%.m.&‘.s..-.ﬁ............................ o

e The correct name is
given.

Mark for (b) (ii) = 1/1
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Example candidate response — middle, continued

Examiner comments

(iii) Describe the effects of insulin on-muscle.cells.

Surfase....rem bE. ... recepiors.....achivate. . he......
Juos.... modpader.. peke... 2. eme... it
GOl Q.. embrne. O ko allos....

.9 .

~GUMCEL...... .. ender.... X She

....... 8]

(c) During periods of stress or extreme exercise more glucose needs to be released into the
blood. The hormone -adrenaline is released and binds to receptors on the cell surface
membranes of liver cells.

Describe how the effect of adrenaline on liver celis resuits in an increase in blood giucose

concentration.
Bematine bind...\o...weepler.....on..... 1008 CONS o
Oth.....ockvgle..... S-pokenSand.. 4. Q. PoS. ...
achvmﬁent@meem ..... aakyse.... BIR. 0. yehg.....
2p O ...l ackvale...... pokein. inase.. O,
ARID......... Wj\w ............ QMMﬁMC@Q’?}D@W%—*@
k... acule. ... GI0se..... PhosphiIase. .. (D
cak......boar........ dycogen.. s 8.-£u£az£e..u ................................
; : [5] 4
[Total: 11]

0 This scores marking
point 2.

6 A mark is given for the
effect of causing uptake
of glucose.

Mark for (b) (iii) = 2/3

@ This earns marking
point 2.

e The name of this

enzyme is missed out.

e This scores marking

point 4.

The next step described
matches marking point 6
in the sequence.

The candidate uses the
word ‘cascade’ but has
not included ‘enzyme’ or
‘cascade of reactions’.
@ The final step described
scores marking point 8.

Mark for (c) = 4/5

Total marks awarded =
7 out of 11

How the candidate could have improved their answer

(a) The candidate needed to think generally about an umbrella definition covering all examples of

homeostasis.

(b) (i) The candidate needed to read the question more carefully to see that it asked for an intracellular

location where polypeptides are made.

(c) The answer followed a logical sequence of steps but could have given more hames and details to be

awarded the last mark available.

Mark awarded = (a) 0/1

Mark awarded = (b) (i) 0/1, (ii) 1/1, (iii) 2 /3
Mark awarded = (c) 4/5

Total marks awarded = 7 out of 11
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Example candidate response — low Examiner comments

7 (a) Animportant function of _cont‘r_‘o! s‘&st_ems‘ in mammals is homeostasis.

Explain what is'meant.by the:term: homéostasis. ; .
P . Y ' : o o A correct definition.
....... The.... meinkenans .. 6. <ohs¥nv\.\;....mhsx..w.st..\......?.m'.‘.):vx\.v.v:-:—x.\.‘f..........,............ '
_ o Mark for (a) = 1/1
T 1]
(b) Insulin plays a.part in homeostasis. It affects muscle and liver. cells to bnng about a decrease e Thls 's not an .
in‘blood glucose ¢oncentration; particularly after a meal. 'ntrace”ma.r location.
The word ‘in” and the
(i) Insulin is composed of two. polypéptides-which are made in § cells in the pancreas. general sense of what
State precisely where in B:.cells polypeptide molecules are synthésised. ' the queSt'on_ IS aSkmg
: has been missed.
Y s Lsleks. of...La .ﬁc.mh&n.s.:..e. ................................. T ——
(i) Name the process by whic‘h insulin is secreted from B cells Mark for (b) (i) = 0/1
....9‘.‘:‘52.3@9.’)9.5.‘..&.... exdfansnaweidionsnassybonnesngssansessensannan fevivieensinnes : 2enie [1] e This is a misspelling of a

word that is not
concerned with
secretion.

Mark for (b) (i) = 0/1
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Example candidate response — low, continued

Examiner comments

(ili) Describe the effects of insulin on muscle cells.

e The first sentence is

redundant as it does not
answer the question but
provides background

o When . Hert.. 5.6 deseese norese. of. bleod

tomsentmalmon s dhsulin s ‘éﬁ@m.l‘.ﬁ?l.;..!’j......('{:&..B"“!.'.s.s 0

\ucoSy.

....... Insalin... binds, . bo....peeplers. i . Ha... ... 00l omem S0 £ o i, detail.
Q.....mm.hr.&r.xe....L.aE...mw.gs‘\:s ..... s s:!.‘.S....,,...\-e.‘Lf.\.i.t;.\:.\;..;.&J.:.!:i.‘.f;:c:h?..-...5...&4:&:6;\1.1»..9 e This statement is true

but the effects that this
causes are not given.

6 Insulin does not work in
this way.

(c) During periods of stress or extreme exercise more glucose needs to be released into the '
blood. The hormone adrenaline is released and binds to receptors on the cell surface
membranes of liver cells.

Mark for (b) (iii) = 0/3

Describe how the effect of adrenaline on. liver cells results in an. increase in blood. glucose

conicentration.

N S ORI T SR LT G SR I % TECN .. PO @ The answer does not

‘3\“‘55% ...... C“"‘“—V\\'e .................. relate to the question.

ssssasis Mark for (c) = 0/5

.......................................................................... [5] Total marks awarded =
otal: 11] 1 out of 11

How the candidate could have improved their answer

(b) (i) The candidate needed to read the question more carefully and not jump to conclusions when they
read ‘where’ and ‘B cells’.

(b) (ii) & (c) The candidate appeared to be trying to remember random facts to do with insulin and did not
focus on working out answers to the actual questions asked. Rough paper working might have helped this
candidate to gather their thoughts, focus on what the questions were really asking and reason their way to a
sensible answer.

(b) (iii) The candidate wasted time filling in the back story and never got on to what the question was asking
about, namely the effects of insulin.

Mark awarded = (a) 1/1
Mark awarded = (b) (i) 0/1, (ii) 0/1, (iii) 0 /3
Mark awarded = (c) 0/5

Total marks awarded = 1 out of 11
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Common mistakes candidates made in this question

(a) The definition given was sometimes incomplete. It should have three parts: the idea of keeping or
maintaining, the idea of constancy and the location inside the mammalian body (the internal environment).

(b) (i) Many candidates misread this question. There was a tendency for candidates to focus exclusively on
biological terms like B cells and to ignore small common words like ‘in’. Here, the word ‘in’ was crucial to
understanding the sense of the question and to narrowing down the possible answers to somewhere inside
the cell.

(b) (ii) This was a synoptic question. Candidates were not necessarily expected to have learned that insulin
is secreted by exocytosis. Instead, the examiner expected that candidates would know that insulin is a large
protein and that they could survey the methods (studied at AS Level) by which molecules enter and leave
cells and rule out osmosis, diffusion and active transport. This left endocytosis and exocytosis, and since the
direction of transport was out of the cell (secretion) the correct answer was exocytosis. Some candidates
seemed unwilling to think this through for themselves. When they could not recall a relevant name, they left a
blank or wrote an unrelated word.

(b) (iii) & (c) The two ‘describe’ questions relied on factual recall and were generally well answered. The

main mistake on (c) was to ignore the new context of adrenaline and write about the learned example,
glucagon, instead.
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Question 8

Example candidate response — high

Examiner comments

8 (a) Fig. 8.1 is'a diagram-of-a sensory neurone and some receptor:cells.

Fig. 8.1
‘Name the parts of tHe neuroné-labelled A, B, C'and D.
A &e\a\,«&ﬁsﬂ , . S
I LT 2 | R

(B) Explain how the myelin sheath increases the speed.of conduction of nerve impulses.

Maekin. Shests. dnalahe M Asvrn Ao adbiton. pabeti
nwg\\w%&m&b@if@g@\&c&c’(:fw\Q's‘w&k\\kMu&Q
QCCMOde\.DoLQ&QQ—Q\mv?ﬁrwwnmsd}mﬁa)om6
ebm}\.ciYQu}&S\)eleme&,ggrfmﬁWmK@m ........
;W\QM\SMNQ({'IDMDMMQ&QLL%W%;WQ O i
\$M£dgd‘&%g(law&5ﬁ€ahg ................... 21

(1)
(2]

The correct name is
given.

This is an acceptable
term, although the term
‘dendron’ can also be
used.

This is one of three
acceptable names for
the part of the neurone
that houses the nucleus.

The term ‘dendron’ is
reserved for the part of
the neurone between
the sensory dendrites
and the cell body, so is
not applicable here.

Mark for (a) = 3/4

15

(6]

The explanation begins
with the correct use of
the term ‘insulates’.

A second mark is
scored. The candidate is
careful to include the
word ‘only’, which is
important here, and
makes the distinction
between the nodes of
Ranvier and the
myelinated sections of
the neurone.

This statement earns
marking point 3.

The correct name for
this phenomenon gains
another mark, although
the maximum allowed is
2 marks.

Mark for (b) = 2/2
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Example candidate response — high, continued

Examiner comments

(c) Fig. 8.2 shows the changes in the membrane potential of a sensory neurone when- the
receptor cells are stimulated.

501

membrane 0
potential
/mV

time/ms

B R L T L | ) Do

—90-

Fig. 8.2

Fig. 8.3 shows the sirength of the stimuli applied to these receptor cells.

|

strength of
. stimulus

1| I

Fig. 8.3

time/ms

With reference to Fig. 8.2 and Fig. 8.3, describe the relationship between the strength of the
stimulus and the resulting action potential.

0ttt . stimabis 1 B Lo Hon tetheesuld.

sosmk. ot xeache A ond acism. Q.“ce:&\a./( ISnska &v\er&%eaﬁg

TEnC AN SHe.. %—H “J&LQQ s‘b\\mﬁl@ xwfmser&:& .......
Q XEGNENC A o BN i Qw*% sede-. S m‘Jigx kr S‘H TS
Hoegwl. o&Q ect. gs“mud A Yereace. QQ ol m\Q‘ﬁ‘&éqﬁ& ...

" [Total: 8]

9 This statement is correct
but is not quite
complete. The examiner
also wanted to know
that if the strength of
stimulus does reach the
threshold then an action
potential is generated.

@ This gains a mark,
marking point 2.

Mark for (c) = 1/2

Total marks awarded =
6 out of 8

How the candidate could have improved their answer

(a) The candidate used all the right terms but not in the right order. If B and D were reversed, they would

have been fully correct.

(c) The candidate wrote knowledgeably and used technical terms correctly but didn’t quite fully explain their
first point. The word ‘only’ (used to good effect in the preceding question) was also required here. If they had
said ‘only a stimulus that reaches the threshold causes an action potential’, they would have covered the

situation both below and above the threshold.
Mark awarded = (a) 3/4
Mark awarded = (b) 2/2
Mark awarded = (c) 1/2

Total marks awarded = 6 out of 8
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Example candidate response — middle

Examiner comments

8 (a) Fig.8.1is adiagram of a sensory neurone and some receptor cells.

rﬁyelin sheath

Fig. 8.1

Name the parts of the neurone labelled A,B,CandD.

R N5

B RO D i memmsssnsessessenssssssas et BoiEE B A O O e TR R

g ..ce&k..bo.qu .....................................

D QALY W S [4]
(b) Explain.how the-myelin sheath increases the speed of conduction of nerve impulses.

oo AR D00KLA. e ol se ... Detuwmd... g umps..

/Hgmno:xﬁe&mr\vxw R £ WY Yoo R Y by gn(hh"‘je

orovement.:. Laersotmng. Specch of . conalnction 50 Yo
..... TES e peamk)l........
........................................... erveeeemesesesesessemessessessssssasssesssnes [2]

o All four names are
correct.

Mark for (a) = 4/4

e Saltatory conduction is
described for one mark.

Mark for (b) = 1/2
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Example candidate response — middle, continued Examiner comments

{(c) Fig. 8.2 shows the changes in the membrane potential of a sensory neurone when the
receptor cells are stimulated.

50+

membrane 0
potential
/mV

time/ms

e The candidate links the
Fig. 8.2 variables the wrong way
round. As the stimulus
causes depolarisation
“ k . . ) ' ' and possibly an action
potential, it makes
sense to say ‘as the
strength of the stimulus
strength of increases ... and then

stimuius - : to say what effect this
I . has on action potentials.
time/ms threshold (at -50 mV)
' which must be crossed
o Fig. 8.3 o e to generate the full
: action potential peaking
at +30mV is hinted at
but not fully described.

Fig. 8.3 shows the strength of the stimuli applied to these receptor cells.

; e The idea that there is a

-

‘ i '
With reference to Fig. 8.2 and Fig. 8.3, describe the relationship between the strength of the
stimulus and the resulting action potential. ’

D\&YY\O.VCQLQJWQﬂDOl(ﬁf\hQ.\.\SShf\XMQA“ﬁd, ........................... The examiner needs to
4 A know that below this
%mstxcng%fls% Hmwdua increanes... © threshold of

Achon. pdenBial Rappens. sdort: 30,10, 02808 . depolarisation there s

not action potential but
above it there is.

Mark for (c) = 0/2
..................... eack...minute.. IhSrzenea.q.... e [21

. Total marks awarded =
' o [Total:8] |5 out of 8

How the candidate could have improved their answer

(b) The candidate needed to add more detail to their answer.

(c) The candidate needed to read the diagrams from left to right along the x axes and to realise that the
strength of the stimulus is the independent variable and that the pattern shown in Fig. 8.3 is the dependent
variable.

Mark awarded = (a) 4/4

Mark awarded = (b) 1/2

Mark awarded = (c¢) 0/2

Total marks awarded =5 out of 8
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Example candidate response — low

Examiner comments

8 (a) Fig.8.1is a diagram of a sensory neurone and some receptor cells.

myelin sheath

Fig. 8.1

Name the parts of the neurone labelled A, B, C and D.

A X dm‘sﬂ ‘
B ..3ensony....newone. @)

C oSN OSSO

D ....MERL...Nenwone, ... S 4]
(b) Explain how the myelin sheath increases the'speed of conduction of nerve impulses.

Lackon.....poental........oconr.....@ach... Ak difterend

RN e'ac) S

0 This was accepted,
despite the spelling
mistake.

e The whole structure in
Fig. 8.1 is one neurone
so B and D are wrong.

e C is correctly named.

Mark for (a) = 2/4

e This is true but the
examiner needs to know
that the action potentials
occur only at the nodes
of Ranvier and nowhere
else along the
myelinated sections of
the neurone.

6 This looks close to
marking point 3 but is
wrong because the
circuit occurs between
two points, two nodes of
Ranvier, not at a single
one.

Mark for (b) = 0/2
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Example candidate response — low, continued Examiner comments

(c) Fig. 8.2 shows the changes in the membrane potentsal of a sensory neurone when the
receptor-cells are stimulated:

504

o
o

time/ms’

membrane: 0
potential
/mV

Fig. 8.2

Fig. 8.3 shows the strength of the stimuli applied to these receptor célls.

A

strength of
stimulus

time/ms

Fig. 8.3
@ This contradicts what

the st th of the .
With reference to Fig. 8.2 and Fig. 8.3, descnb_e the relationship between e streng the dlag rams show.

stimulus-and the resultmg agction potential.

B e Songin B S alS..... 00088 @ The information that a
0. pokendial.... morase., O ) small depolarisation
occurs but that this does

e bk SEmudus,... ofenkia). ifference..... Chdfr\l: ...... not generate a full

: -y Con AR, action potential is
Jcach. ... Bveshold...... 4a......depdangataon. ... &mned..... ... issing hore.

Bk IO ST Bk SN i A PQ[%QJ ,,,,,,

A Mark for (c) = 0/2
difterence........ mw:%mshaid,amonpdmﬁz’ . L000ns 2]

 [Total: 8] Total marks awarded =

2 out of 8

How the candidate could have improved their answer

(a) The candidate should have noticed the question wording which stated that the names of ‘parts of the
neurone’ were needed, not the names of whole neurones, as given in the answers to B and D.

(b) The ideas should have been worded more carefully and with more supporting detail.

(c) The answers should have been more thorough and detailed, with more care taken to express the ideas
clearly.

Mark awarded = (a) 2/4
Mark awarded = (b) 0/2
Mark awarded = (c¢) 0/2

Total marks awarded = 2 out of 8
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Common mistakes candidates made in this question

(b) Most candidates knew and used the term ‘saltatory conduction’, but few could describe what is meant by
a local circuit in a myelinated neurone.

(c) Many candidates used the terms ‘depolarisation’ and ‘action potential’ interchangeably. They did not
realise that the term ‘action potential’ is reserved for a very specific all-or-nothing depolarisation which has
the characteristics shown in the last three peaks on Fig. 8.2. The small peak associated with the first
stimulus is not an action potential but is a small depolarisation of the membrane that does not reach the
threshold value and so does not trigger an action potential.
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Question 9

Example candidate response — high

Examiner comments

9 (a) Outline how ATP is synthesised by oxidative phosphorylation. 8}
7

[Total: 15]

(9, Desctribe respiration in yeast cells in anaerobic conditions.

@O)’;Ev\OEGMNQL?\\ASQ\L\WQLdR\)AVP\‘%SBEKELS“\M .......
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o.Ccm.s...‘m.&.kh...w:eu,c..\.\mAx.\.al..;m.ts{cac,q{MmaaK..A.Mh. SAN.....
?x«am.ﬁ\ﬁfﬂq&@ﬁi..mi..Kf.A’)&S...Cﬁc‘tt...P.QS&....“.&&.{{...kﬁa&r.ag&.ﬂmﬁﬁﬁtg’hste
Q(b'kz,w\“\v\.,‘\.Sw;E,&er&lmﬂt(nw"t‘fomSQWTdAQ.\\\ivxmm&r
MO&\A&@YTWXW\WM(‘CQ!MCCA‘MABMA?AB\)MQMGQ{%
—b&)?d%\g&msem%mH_yl/rpgjw}ss@\r{?twﬁougﬁ‘nh
O 1. o lettran. e ehectoon. 1305k akins, o, Sc5en. .. O
e«\tﬁt@«*&m@o(‘tm\/thmm\@%\M3\wd*fm\owaf .........
&AMDJ\WQQOLWHM%B mai?x«d:...ﬁﬂle,a,&l% e —é—/&:\)
Ew@3(d@d¥3@‘f&-e\eﬁtro“?sw +a aff‘fu;d/u
@{XWQQﬁ*&‘a\m&’wb‘co%mvtwwxm\omSQmacrm‘h%m ...........
e%wcmﬁhmgkshﬁ&kwcrniﬁﬂihwm\owbn"\i»&
Umcmﬁamsrm&b*\“anal\\?‘c&ea&.&Q&&?om“&v(a%\,& .......
Chomed prdcein TSese.. Ohoumed pratrind bave the a@ip......
(9] M$3M&WTMM%%MWM‘(:€LQ Mo
Akt ancn . Qrabens. passiny, St S . SillesTze..
A‘TQ,\QjC?u\u&(—bf\{jABP ()Mal \3: Ly ;‘tT() @ ..........

o Stating the location gets
marking point 3.

e Naming the starting
molecule of the process
earns a mark.

e The release of hydrogen
scores a mark.

0 This step is marking
point 5 of the process.

6 The candidate omits to
say ‘carriers’ or
‘proteins’ here.

6 Marking point 7 is
scored here.

0 Marking point 8 is
described here.

6 This statement matches
marking point 9.

Q This reference gets
marking point 10.

@ This reference gets
marking point 11.
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Example candidate response — high, continued

Examiner comments

colnglizsn oo legtiant.. omed. peakmns. oo Winad. dho. 2 Xpny
sl st a0 b, ole i, 0 ﬁmrmﬂuc%'bi‘
vk @
) DM\@ MM RRONN .. f@(h\fd\\m\ RN ?.Q.\:tCﬁ)u S b\:»\gg
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.\os..{p}m.@m}gig,?.m\\.\c(\a “lﬁem \afm (3. 2bmasm. LZs. ‘Z e @\@Mc
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®

Mark for (a)

®

4

Marking point 12.

The answer ends by
making marking point
13.

=8/8

The word ‘glycolysis’ is
noted by the examiner
since it will be important
for awarding later
marks.

Marking point 2 is
scored since the context
of glycolysis has been
established.

The description of
glycolysis is
unnecessarily lengthy
but marking point 1 is
now scored.

@ Marking point 3 is

e

18
19
20
21
@
®

Mark for (b) =

described.

Marking point 4 is
awarded. The
handwriting is easy to
read and the examiner
can see that the answer
reads ‘ethanal’ (not
‘ethanol’).

This is marking point 6.
This is marking point 7.

The product ‘ethanol’ is
named, marking point 8.

The candidate describes
the idea of marking
point 11.

Marking point 12.
This extra detail scores
marking point 9.

77

Total marks awarded =
15 out of 15

How the candidate could have improved their answer

(a) This answer was detailed and ideas were presented in a logical sequence. The response was very much
a textbook answer, although marking point 6 was missed due to leaving out the idea of carrier proteins.

(b) The answer exceeded the maximum number of marks and was appropriately detailed and sequenced,

although marking points 5 and 10 were not scored.

Mark awarded = (a) 8/8
Mark awarded = (b) 7/7

Total marks awarded = 15 out of 15
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Example candidate response — middle

Examiner comments

9 (a) Outline how ATP is synthesised by oxidative-phospharylation. [8]
(b) Describe respiration.in yeast cels in-anaerobic conditions. ‘ 71
[Total: 15]
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. t-e.lgas-hj rhe.raj I W C O Puv“\:cs\. Srova.. Hor Lo thhsmc.‘x:x.c.xl ..................
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mﬂ.;...ihyx...pempsq\..g....

i .va\sbe\-'k. ; C‘\:'y"\‘\'f\,« W

\’ﬁt\& ..... Yo e makeiX. L down o comsen ke Hion 3@‘**\“; ................

pie. toin
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.................. umy:sws&kjﬂte“‘{‘) ATP \J““J’Jteh haspherayhe....

e ) AN and...e o make walews,.. . This...is He <€...

lask. skads
3

2]

6]

(7]
(8]

Mark for (a) =

The introductory
sentence scores
marking points 4, 1 and
5.

Reduced NAD is
transported to the
electron transport chain,
and the electrons are
released there, so this
sentence is not correct.

The candidate describes
the events of marking
point 7.

‘Pumped’ is an error.
The hydrogen ions
‘diffuse’.

Reference to ‘ATP

synthase’ scores
marking point 10.

‘Inorganic phosphate’ is
missing so the answer
does not get marking
point 11.

This is marking point 12.
This is marking point 13.

7/8
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Example candidate response — middle, continued

Examiner comments

X :
—— nymmk?..:,.—..?..Eﬂ.\m%.\. .................... e TN

(9] (OB 1)

Q The production of
pyruvate does not score
marking point 1 since
glycolysis is not named.
However, the
conversion of pyruvate
to ethanal gets marking
point 4.

@ The acceptance of
hydrogen by ethanal
gets marking point 6.

@ The conversion of
ethanal to ethanol gets
marking point 8.

@ The origin of the
hydrogen from reduced
NAD gets marking point
7.

@ Regeneration of NAD
gets marking point 11.

Mark for (b) = 5/7

Total marks awarded =
12 out of 15

How the candidate could have improved their answer

(a) This answer achieved 7 out of 8 marks but also included several mistakes and omissions along the way.
The candidate could have reread and checked their answer and altered their choice of some key words.

(b) Presenting the answer as a series of reactions in diagrammatic form was appropriate but conveyed only
key points, and omitted some details. The candidate could have added the name ‘glycolysis’ and the names
of enzymes catalysing the steps shown, or, if time allowed, could have briefly described the diagram in
words, as a description might have yielded some extra information such as the irreversibility of the reaction

or the term ‘decarboxylation’.
Mark awarded = (a) 7/8
Mark awarded = (b) 5/7

Total marks awarded = 12 out of 15
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Example candidate response — low Examiner comments
9 (a) Outline how ATP is synthesiséd by oxidative phosphorylation. 8]
(b) Describe respiration in yeast cells in anaerobic conditions. [7]
[Total: 15}

o The answer begins
appropriately and
scores marking point 1.

(1] (2] @ Thisisan
(Aiey.... NARBIL NADH.... Joosea. ihs.. HE 1003, as oversimplfication and

------ does not score marking
......... ik ceaches the. ( cistae. ©) point 4.

_____________ @ M-Lﬁ-%— US)hj {J)ﬂ,{jﬁ f"’d)‘ﬂ mp MM AR e The correct location

................. n coduted... eoctied. $rom Q‘fjﬁé%ﬁﬂ,\ ond.. ket Yore ot earns marking point 3.

________________ Conla. s 80E49Y..... Pgmmfagmmy Thear e The candidate makes

. (mammhmqmalm# &mk\agkhhm ....... WM an error here.

........ QﬁmWW Spacs. Ot ke i ckandclon.

he 'n\{ i Pi& b e Marking point 7 is

.................................... CanCenkab.. CO0VE. LGN, awarded despite the

NP thea. hey....Ofkue..doen.... Shate... co0cObDI error as the candidate
as already lost marking
........ 6 ..égmorm.\:.......f]l{a%h e ¢3n+hmeﬂe4:u plecadd....... point 6 due to their
S 2 W Y V- S Uor G PRy o S k3. <o VI misunderstanding.

6 Marking point 8 is
missed but marking
point 9 is earned here.

e This reference gets
marking point 10.

Mark for (a) = 5/8
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Example candidate response — low, continued Examiner comments

UR.... ecouic. ak...... aeppn... \avs.ok.. mgea...duoing

6 Glycolysis has not been

............ (PR o . O LA N SRR QU IRI GO mentioned o no

e b o R G R canpoimds. ... o, amue.cked..b& ............... marking point 1.
........... i A’Xb&@ﬁ%\:&kewmpomm%gkﬁum’e\m& © The candidate belatedly
MG(QSWQC%P\'MTDﬁM&Qﬂ*M%%&YWNADH mentions glycolysis and
. . . - ' : scores marking point 2.
Yook \nos m:AuuA..d.u.c.\nf)....%kﬂzs:b&&s....9 ‘ There is no mark
............. V2 3\\35(&3&%5){\,PSrU\JQk—%—EﬁWBCO(\Uﬁkd\\\‘N awarded for hydrogen
@ ...... \atkats.... ith . ey D{L ........ ANTYms....... Ceatied...... Latkaste.... coming from NADH as it

_ is not true that they are

................. lactake.is. dhea. Stuced. 0 T g, B Goape. Ao accepted by pyruvate.

: Therefore, no marking
5. 8100 Vne ad ; ; ’ :
i3 528 4pud..ba k. dow Jatetke... point 7 as the context is

wrong.

@ Lactate fermentation
does not occur in yeast
cells.

Mark for (b) = 1/7

Total marks awarded =
6 out of 15

How the candidate could have improved their answer

(a) Better punctuation (capital letters and full stops, or bullet points) might have helped the candidate to
organise their jumbled thoughts into separate sequential stages and made their meaning clearer.

(b) The candidate could have tried to put their ideas into a logical order on rough paper before starting to
write.

Mark awarded = (a) 5/8
Mark awarded = (b) 1/7

Total marks awarded = 6 out of 15

Common mistakes candidates made in this question

(a) As this question required a descriptive recall answer, it was generally done well. Candidates with stronger
sequencing skills who used technical terms with precision did best. The main mistakes were omissions of
stages and confusion between hydrogen atoms and hydrogen ions and when each is important.

(b) Again, the answers were mostly good. The most common mistake was to write about the lactate pathway
instead of the ethanol pathway.
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Question 10

Example candidate response — high

Examiner comments

@ (a) Describe the behaviour of chromosomes during meiosis. ) ]|
(b) Outline the differences.between structural and regulatory genes. _ ey
[Total: 15]
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16

7]

Although these
unlabelled diagrams do
not help to describe the
behaviour of
chromosomes, they may
help the candidate plan
their essay.

This earns marking
point 13.

Scores marking point 1.
Scores marking point 3.

This statement is
misleading. The
chromosomes do
consist of pairs of
chromatids, but in
meiosis 1 the pairing of
the homologous
chromosomes into
bivalents is what it is
important to describe.

There is no mention of
centromeres here for
marking point 5.

This gets marking point
8.
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Example candidate response — high, continued Examiner comments

weobCa 10). )
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Example candidate response — high, continued

Examiner comments

Cormn A NN

N s]”r'u-é/f'u—vnj...ac«« bl ﬂambh/\ lac.. g}ﬂg,mkq

. : edip o Vs, f‘wrﬂ—fﬂ/ /Mml Py fefhile

Hoakols.. w,oamfm Weﬁewaéf% ........ déjudpu ......
e L Jnhc:l//éﬁ% Lw SYeucs @

i dony. s oty F SN
S"'V%Lﬂ'm/p?j ¢ 0;3 i/’/u%i’wzo(z(&w&x&w .......... né

2,@««,}0 cadad b W{?’LA ............

@ Marking point 3 is
awarded here.

@ Marking point 1 is
awarded here.

@ Confusion over the
identity of the structural
and regulatory
components of the lac
operon means marking
point 10 is not given.

Mark for (b) = 4/6

Total marks awarded =
11 out of 15

How the candidate could have improved their answer

(a) The candidate could have used technical terms more precisely (e.g. centromere, chromatid,
chromosome, etc.) and should have structured the essay as a clear sequence of steps.

(b) The answer repeated itself and the description of the contribution of the lac operon to understanding the
difference between structural and regulatory genes was not correct. The candidate could have achieved

extra marks by giving named examples of structural and regulatory genes.
Mark awarded = (a) 7/9
Mark awarded = (b) 4/6

Total marks awarded = 11 out of 15
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Example candidate response — middle

Examiner comments

10 (a) Describe the behaviour of chromosomes during meiosis. [9]
(by Outline-the differences between structural and regulatory genes. ’ [6].

[Total: 15].
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0 This scores marking
point 8.

This scores marking
point 13.

Marking point 9 is given
for this.
given for this.

Marking point 12 is
given for this.

(2
(3
© Marking point 11 s
(5
(6

This mark (MP 13) has
already been given.

Mark for (a) = 5/9
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Example candidate response — middle, continued

Examiner comments
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e This earns marking
point 1.

6 This earns marking
point 3.

Q This matches marking
point 4.

@ Marking point 10 is
awarded for this.

Mark for (b) = 4/6

Total marks awarded =
9 out of 15

How the candidate could have improved their answer

(a) The candidate could have earned several extra marks by giving details of the behaviour of chromosomes

in prophase 1, when crossing-over occurs.

(b) The overview of the difference between the two types of genes was good but more marks could have
been obtained for naming a structural gene and for explaining the sequence of events by which the product

of a regulatory gene controls transcription.
Mark awarded = (a) 5/9
Mark awarded = (b) 4/6

Total marks awarded =9 out of 15
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Example candidate response — low

Examiner comments

10 -(a) Describe the behaviour of chromosomes during meiosis. [91
(b) Outline the differences between structural and regulatory genes. [6]
[Total: 15]

Gy ‘ = ..I — dm‘?’)o (L= TR
7 @Zg% it m 1) a/ﬁ;

o Marking point 2 is

earned here.

Marking point 3 is given
for this.

The candidate omits to
say that it is bivalents
that line up.

Marking point 8 is
awarded for this.

Marking point 9 is given
for this.

This wording is not clear
enough to score
marking point 11.

Mark for (a) = 4/9
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Example candidate response — low, continued Examiner comments

e A named example of an
enzyme earns marking
point 1 here. A second
named example could
have earned marking
point 2.

A Gt/ s ﬁ@Mj ﬁé/o/ Lo e

6 The candidate has the
right idea but controlling
when a gene ‘is allowed
to act’ is not precise
enough for marking
point 4.

Mark for (b) = 1/6

Total marks awarded =
5 out of 15

How the candidate could have improved their answer

(a) This answer lacked detail. While the names of the individual stages of meiosis were not required, using
them might have helped this candidate to write more precisely about the changes in behaviour of the
chromosomes across the eight stages.

(b) The second part of the answer showed that the candidate had an understanding of what was being
asked, but they needed to use terms more precisely to be awarded marks. For instance, ‘These (regulatory)
genes often inhibit the operon of a functional gene’ should have been corrected to ‘These (regulatory) genes
code for DNA-binding proteins that stop the normal function of the promoter of a structural gene’.

Mark awarded = (a) 4/9
Mark awarded = (b) 1/6

Total marks awarded = 5 out of 15

Common mistakes candidates made in this question

(a) Many candidates did not understand the difference between meiosis 1 and meiosis 2. Errors in choosing
which of the terms chromosome and chromatid to use in different circumstances were common. Descriptions
often lacked detail and use of the right technical terms.

(b) Some candidates had poor knowledge of the difference between the two types of genes, and few made

use of the terms inducible and repressible, which are mentioned in the syllabus, or of the mechanism of
control of gene expression by the plant growth hormone gibberellin.
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