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Answer ALL questions. 55

Write your answers in the spaces provided. 8

1 Many animals possess a heart and a circulatory system. o=

(a) Changes in the cardiac cycle can be observed by recording an electrocardiogram (ECG). :;:gmz:
%?my{

The ECG for a resting person is shown in the diagram.

e
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Calculate the heart rate for this person. S
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(ii) Some drugs used to treat cancer have also been shown to reduce the
ventricular ejection fraction.

Describe how the safe dose of a cancer drug could be determined.

(3)

(Total for Question 1 = 6 marks)
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The largest blood vessels in the body are the aorta and the vena cava.
(@) For one person, the cross-sectional area of the lumen of the aorta is 193.6 mm?.

The diameter of the lumen of the vena cava is 22.0 mm. Calculate the percentage
increase in the cross-sectional area of the lumen of the vena cava compared with
that of the aorta.

(2)

(b) The wall of the aorta is thicker than the wall of the vena cava.

Explain why there is a difference in the thickness of the walls of the aorta and the
vena cava.

(2)
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() In some individuals, the wall of the aorta splits. This can result in rapid blood loss
and death.

It has been suggested that this splitting is a result of a loss of tensile strength in
the wall of the aorta.

Describe how the tensile strength of the aorta wall can be determined.

(3)

(Total for Question 2 = 7 marks)
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The demand for oxygen changes during exercise.
The change in demand affects the breathing rate.
(@) Changes in breathing can be investigated using a spirometer.

Spirometer traces taken from the same individual before, during and two minutes
after exercise are shown.

Resting Exercise After exercise

1dm? —

N 4

, | 110 seconds

Calculate the rate of oxygen consumption during exercise.

(2)
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(b) Explain the effect of exercise on the changes in oxygen consumption.
(4)

X
XX
oo

%
XXX

o96%%%
progetogets
Wod

4

5
85

o96%%
0‘000.
XX

<

Cire
téi’ .
:.0:‘ XX

%
RRLRKR

oI

196%%

QN
doteletetetotes
NSTH
bk
1
S

4‘:
:"
XX

[
%
<

X
35

XX

o

X
9%
e

a9t
53

XX
2

50!
1w
vk

2%
R

(c) At the start of exercise, breathing rate increases.

<
]
e,
58

%
o203

>
3

%
oo

XXX
oles
AT
4
L8
o2

O
%%
XX

Explain how starting to exercise causes an increase in breathing rate.

9%
2%
XN

R ERK
K

XXX
oo}
R

(3)

o
KKK
<

0% %% o%
9026202026562 %%
R RISSEKE

b
QRS
CREEK
DSy %o
SRHETS

%

S

SRR

SR

SRR

QAL

SRR

. Total f ion3=9 k
G (Total for Question 3 = 9 marks)
SIS

P

SRS

XX
XX
»
=
.0

0>
o2l
<8
bo%
X
&
2K

9%
3K
35
RS

R
IR
RS
%%%s

55

odeteel
odelodet
KK
K

%%
o5
KL

. v,
9

Turn over »



4 The earthworm, (Lumbricus terrestris), feeds on dead organic matter found in soil.

¢
= S
=
:l
s s
-
~

Soil pH is one of the abiotic factors that affects the population size of earthworms.

The populations of earthworms in fields with either acidic soil or alkaline soil have

been investigated.

The results of this investigation are summarised in the table.

Earthworms in field
with acidic soil

Sample
Number per
square metre
1 80
2 59
3 106
4 31
5 121
6 75
7 97
8 138
9 63
10 63
Total 833

10

Mass per square
metre /gm™2

184
110
253

70
238
139
149
309

95

84

1631

Earthworms in field
with alkaline soil

Number per
square metre

723
1613
354
728
214
874
668
121
791
497
6583

Mass per square
metre / g m™2

1164
1968
439
961
233
1739
1096
213
1455
736
10004
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(a) Deduce the effect of pH on the number and mass of earthworms in these two
types of soil.

(4)
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(b) Describe a sampling method that could be used to collect the data in this table.

(4)
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(Total for Question 4 = 11 marks)
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5 Lettuce plants usually grow upright. This is the ‘upright’ phenotype.

In one variety of lettuce the stem of the lettuce grows along the ground. This is the
‘weary’ phenotype.

These two phenotypes are shown in the diagram.

Upright Weary

(@) Inheritance of the weary phenotype has been investigated.

Scientists crossed weary lettuce plants with upright lettuce plants.
The F, generation produced from this cross were all upright.

In the second cross, two of the F, lettuce plants were crossed with each other to
produce the F, generation.

The phenotypes of the F, generation and the results of a statistical test are shown

in the table.
Number of Number of
offspring with offspring with Chi-squared (y?)
weary phenotype upright phenotype
159 414 2.31
Degrees of Probability

freedom | 404 0.05 0.1
1 2.71 3.84 6.64
2 4.61 5.99 9.21
3 6.25 7.82 11.35
4 7.78 9.49 13.28

14

VIUY SIHLNEILHM IONOd VIV SIHL NI LM 1ONOQ

YIS SIHENEILRIM ION.Od



S
KRR
<X KREE
SRS
19529

0%
KK
T
KN
i

050

>
<5

L%

5

X
2RRRRRRIS

o+

090%090%09000%09:%:%%

&K
o
%
9K
b0

KA
000000000000 202020%0¢
0 o i e
DR
P REH

L

%%

%% o%%
NP
SO
XX

<>
059
%
do%ed
%!
0005

19%%
$%%%
2%

SORRIEIIKIKIK
Dototodetotetotetetotet
QOIRIEKKKEL
tatotetetotele!
XXX
LRLRRRLRKS

%%
o%%
o0

RRKRS
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(b) The effect of gravity on the growth of lettuce plants with either upright or weary
phenotype was investigated.

The diagram shows the stages in this investigation.

Stage A
) Lettuce plants were grown until
TT their stems were 15cm long.
Stage B
The lettuce plants were then
5 placed in complete darkness and
f— rotated so that they were at 90°
858 to the direction of gravity.
Stage C
direction of gravity
l The curvatures of the stems (a)
and roots (¢) were measured for
< 3 the next 23 days.
0
\‘i

(i) Explain why the plants were placed in a box in complete darkness.

(3)

16
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(ii) The mean curvatures of the stems and the roots are shown in the graphs.

Mean curvature of the stem in degrees

Mean curvature of roots in degrees
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rotated 90°

Calculate the difference in the mean rate of curvature of the stems and roots

of the weary lettuce plants over 23 days.
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ii) Explain why the stems of weary lettuce do not respond to gravity.
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e N\ 58

6 Enzymes control biochemical pathways.

Phosphofructokinase is an enzyme involved in controlling the rate of glycolysis.

OOKIKXKXXC

REAKEEELRERELLELL
ORI ARARAKAARAKAANK

ONOd

(a) State what is meant by the term enzyme.

(2)

XX
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(b) Phosphofructokinase is an enzyme that uses ATP to convert
fructose-6-phosphate (F-6-P) into fructose-2,6-bisphosphate (F-2,6-BP).

The conversion of F-6-P by this enzyme is a rate-determining step in glycolysis. SR

This is shown in the diagram.
#ﬂ[ F-6-P }‘[ F-2-6-BP } #ﬂ[ 2 X pyruvate }

phosphofructokinase
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(i) Explain why ATP is required for this reaction.
(3)

20



(i) The effect of substrate concentration on the initial rate of reaction of
phosphofructokinase was investigated.

This investigation was repeated with the addition of two concentrations of
F-2,6-BP.

The graph shows the results of this investigation.
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(c) Glycolysis is inhibited by acidic conditions.

Devise an investigation to determine the effect of acidic conditions on the initial

rate of reaction of phosphofructokinase.

(4)

(Total for Question 6 = 12 marks)

22

bose S
200
éhwﬁ»
S

PNXK
0038 92 %%
3%§ﬁ$

DAL

ETAR
IR
Dosorereles
S
<
PO0% %8

5%
2RI

X KKK IKSK KK KX
SIS

190,00,
K XK

K
000

ot %5
PP
SSETKS
RIS

ZRRIEKKEK,
RRLRLRRRLRLE

<
35
X%
29083
SRS
RRXRRS



X
000 1 0o
LB
2051 « ates
X 535
XL
RS
= %
S
RIS
.:‘:""‘.:‘
X S0
% XS

IS
oot e tete e tetetetetotetotetetotetotetel
B rsessatsaeteretetesotototuie
¢$®W< O INA V'

- B
EIRAKLIKHHAL

R
555

o205
’0

$%0%%
bosososes
2
$XX

9% %

o%%
690%%%%
po2oistetote

%0%%
%
PPORTvorte
AR

O
2L
AL
0%
RRRK

BLANK PAGE

23

Turn over »



r

rivers in Africa.

short period of time.

7 More than 2000 different species of cichlid fish have been identified in lakes and

The different species of cichlid fish have evolved from a common ancestor over a

The table shows some of the different species of cichlid fish found in lakes and rivers

in Africa.
Species Information Mouth shape
Lives in rivers across northern Africa.
Oreochromis Herbivore feeding on plankton
niloticus and plants.
Lays eggs in gravel.
Lives in shallow but steep rocky
habitat in Lake Tanganyika.
Igl;?;)c;r:)j;rolog Y| carnivore feeding on small (o
crustaceans and invertebrates. SN\ ) \
|
Lays eggs between rocks.
Lives in muddy rivers flowing into
Lake Tanganyika.
Astatot'l/ap/a Omnivore feeding on small fish,
burtoni . .
insect larvae, algae and plant debris.
Lays eggs in gravel.
Lives in shallow water in
Lake Victoria.
Pundamilia . . .
: Omnivore feeding on insect larvae
nyererei
and zooplankton.
Lays eggs between rocks.
Lives in deep, clear waters of
Lake Malawi.
Maylandia
zebra Herbivore feeding on plant material.
Lays eggs in gravel.
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(a) Describe how different species of cichlid fish have evolved in lakes and rivers in Africa.
(5)
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*(b) The genomes of some species of cichlid fish have been sequenced and analysed.
The data collected included:

« the rate at which genes have been duplicated to produce additional copies of
genes on a chromosome

« the frequency of mutations in transcription factor binding sites

« the rate of mutations that result in a change of an amino acid in a protein.

This information was used to produce a phylogenetic tree.

A comparison was made with a stickleback, which is a slowly evolving fish.

Rate of gene Number of mutations in
Speed of evolution Fish duplication  transcription factor binding sites
/ a.u. (compared to O. niloticus)
O. niloticus 45 0
N. brichardi 45 214
Rapidly evolving .
cichlid fish A. burtoni 55 140
P. nyererei 45 129
M. zebra 60 142
Slowly evolving fish | stickleback 10 0
M. zebra
g  0.05- ,
o . - P. nyererei
53 004 — — .
o~ . A.burtoni
25 0.03
o . .
E § 0.02- & N. brichardi
5 = . f ’
E & 9 O. niloticus
s o 0.01- H
o
© 0.00 N——
o - 2 : — T 1
& & & & mqp& 100 50 0
e N0 . N\ -
\j} \\ N\ 0 .
& o $t° QS A\ millions of years

since divergence

Phylogenetic tree
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Analyse all the data provided to discuss how several species of cichlid fish have
evolved over a short period of time.

(Total for Question 7 = 14 marks)
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r

8 The scientific article you have studied is adapted from The Biologist.

Use the information from the scientific article and your own knowledge to answer the
following questions.

(a) State the meaning of the term stem cell (paragraph 1).

(b) Describe how a‘single fertilised egg’ can produce many different cell types
(paragraph 2).

(c) Name the property shown by ‘spontaneously beating regions’in cardiac muscle
(paragraph 15).

(2)

(3)

(1)

J

28

Nig
RREIEHELELLLLRRR
SERHLRERKLRRRRK

X HHKK
IXXXX

HL
KK
KRS

Sl
S8

S0 00 00200000 0.0°0.0.0.0:9

R
SRR
BREga g

5

\,’;.
58

G0

e30%0s0%

©
do3e%s

5
R

)
K]

G
ON
QKL

DCAACARKAK

M;“%

4%
‘.{\,0’:&/



~\
(d) Mice used in research have a number of limitations (paragraph 6). Mice that are
S homozygous for a recessive trait are rare in the population, but can be produced
L in genetic crosses.
: Explain how genetic crosses could be used to generate a mouse line expressing a
CE recessive trait.
S 3
= (3)
m X
s
SR
=
[
(@)
Z
Q
o
/
ST
bost " ¥ 98
S
=
SN
/::
o
3 Z
/.:&'f:\
/fEf (e) Retinoic acid affects the expression of genes in embryonic stem cells (ESCs)
E leading to the development of neural tissues (paragraph 11).
S0
S Explain how chemicals such as retinoic acid could affect gene expression.
= (3)
L J
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(f) The Zika virus can cause microcephaly. This condition is a result of brain tissue
not developing in the foetus (paragraphs 20 and 21).

Explain how the Zika virus can cause microcephaly.

(g) Tissue rejection can occur in organs transplanted from other individuals
(paragraph 22).

Explain how the immune system is involved in tissue rejection.

(3)

(4)

30




(5)

Devise a procedure to investigate the effect of temperature on the growth rate of

(h) Human cells can be grown in monolayers using tissue culture (Figure 1).
a monolayer of human cells.
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(j) Describe two ethical issues concerning the use of human embryonic stem cells in
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(k) Explain the advantages of using iPSCs compared to ESCs for the production of

transplant material (paragraphs 33 and 34).

(3)

31 marks)

(Total for Question 8
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