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Some questions must be answered with a cross in a box X. If you change your mind about an
answer, put a line through the box £ and then mark your new answer with a cross X.

Answer ALL questions. Write your answers in the spaces provided.

The structure of a chloroplast is related to its role in photosynthesis.

The diagram shows a chloroplast.

(@) (i) Which row in the table identifies the structures labelled P, Q and V?

O o oo

O Nn W >

DNA
starch grain
starch grain

ribosome

Q
starch grain
DNA
ribosome

starch grain

\"
ribosome
ribosome

DNA
DNA
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(ii) Which structure contains GALP?
(1)
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(iii) The length of this chloroplast is 7.5 um.

Calculate the magnification of this diagram.
(1)

ANSWET oo
(iv) Structures T and U are membranes.

Compare and contrast the structure of these two membranes.
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(b) An investigation studied the effect of periods of light and dark on the levels of
chloroplast DNA in one species of a single-celled organism.

One group of these organisms, group A, was exposed to 36 hours of
continuous light.

The other group of these organisms, group B, was exposed to 12 hours of light,
followed by 12 hours of darkness, followed by 12 hours of light. §§§§§1§:

The graph shows the results of this investigation.
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These organisms divide by mitosis followed by cell division, during the dark. s

Describe two conclusions that can be made about the replication of
chloroplast DNA.

(Total for Question 1 = 8 marks)
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2 Rabies is a disease caused by a virus.

385
255
5
SIS
&5

<
QS
¥
<&
RRRLRAKRLRS

%

o0
RIS
LR

(@) The diagram shows the structure of the rabies virus.
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(i) The rabies virus has an envelope.
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Which of the following pairs of viruses have an envelope?
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A Ebola virus and human immunodeficiency virus (HIV)
[J B humanimmunodeficiency virus (HIV) and tobacco mosaic virus (TMV)
[J € lambda phage (A phage) and Ebola virus
[l D

tobacco mosaic virus (TMV) and lambda phage (A phage)

(ii) The structure of the rabies capsid is described as complex.
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Which of the following has a complex capsid structure?
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(iii) Rabies virus is an RNA virus.
How many of the following viruses are RNA viruses?

- Ebola virus

human immunodeficiency virus (HIV)
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lambda phage (A phage) K

tobacco mosaic virus (TMV)
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(b) The rabies virus replicates in a lytic cycle. s
0

. . . . SN

The RNA of the rabies virus is a negative RNA strand. S

The diagram shows how the negative RNA strand of the rabies virus is used to
make positive RNA and proteins.

negative RNA strand of the rabies virus
enters the host cell
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(i) The diagram shows part of the base sequence in the negative RNA strand.

Complete the diagram to show the corresponding base sequence in the
positive RNA strand.
(1)
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Positive RNA strand

(i) Explain why a positive RNA strand has to be made.

000
38
SRR
SEIIES
5K
R

%

OO
ZRRELHEK
dedoletetotels!

LS
SRS

RS

665
55K
%%
pegeselet
S
$900%
RRRRERKS

Solode
LR

X5
SKRRES
- %

OO
e

%
Q555
25
5
e
XS

%
%
’%
%

OGO
QLIRS
SRR
< <
o ets!
CSEEIEEEIKIL,
RRRLRLRRLRES,

00
CRERKS
&5
AR

CXXAAARA
JRGS

s et ssiatotetetets

s&V'4¥¥¥%

%%

X
IR

R ?@?gewuwuwaf
RRLLIRRKE

6
fasetoss
IR
P
ORI
SRR

QA
botegelere
ARE
N
AN
%

>
%

%
%%
258

5

06K <
5 I8,
SRS
S
e

%
bt
S

R LHRX
CRLRR

b9t
S
020!

o%
0%

%

b

CRKKR

KK
gt

dSotetetetote!
Sotatetetetelets!

0992
¢S
bt
55

. J
7

mcmn RO AR R0 Turn over »
P 6 71 0 5 A 0 7 3 6

<
K

R
%ﬁ

%




(c) Lemurs are found in Madagascar. It is thought that they might carry rabies viruses.

The photograph shows a lemur.

(Source: Caroline Wilcox)
A person was bitten by a lemur.

This person did not receive any treatment for rabies until 18 days after
being bitten.

Explain why doctors were worried that this person had left it too long for the
treatment to be successful.

(4)

(Total for Question 2 = 10 marks)
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3 There are four types of immunity.
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(@) Artificial immunity develops when a person is immunised by an injection.
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The table gives some statements about artificial immunity.
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For each statement, put one cross X in the appropriate box, in each row, to show
which statements are correct for the types of artificial immunity.

(3)

Type of artificial immunity

Statement both active active | passive = neither active

and passive only only nor passive
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formed

(b) Natural active immunity can develop when a person is infected with a virus.

(i) Describe the role of macrophages in the development of natural active
immunity to a virus, following infection.

KB
S Ssvitusta otuotel
RRRIRRLRK

<
KK
29305
55
poiols
bttt

-
000
%l
5
S,
Sote%

09
o
%
0%
X8

o0
X
bt
S

%
QK
<X
0%

o~
IRRIXX
LRI
RS
S
255
R

<
RS
%
go0is
$0%05e
bttt

CQICEARR

S

V‘O‘q ¥ A
%

ORI

RS
SERRHIXRKAL.

<

&

%
&

%
K

R
%ﬁ

9
mcmn RO AR A0 Turm over »
P 6 71 0 5 A 0 9 3 6




(i) Explain why both T helper cells and T killer cells are needed in the immune
response to a virus.

(Total for Question 3 = 10 marks)
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4 Redwood trees are the tallest living organisms on Earth. Some of the older trees are
more than 2000 years old.

Dendrochronology can be used to work out how old a tree is and how much it has
grown each year.

A sample of the tree trunk core can be taken using an increment borer.

The photograph shows an increment borer being used to take a sample of a tree
trunk core.
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(@) The diagram shows an increment borer pushed into the trunk of a large

Redwood tree.

increment borer

An increment borer 1 m long was inserted into a Redwood tree. The borer did
not reach the middle of the trunk. The distance from the end of the borer to the
middle of the trunk is Tcm.

(i) Calculate the radius (r) of a tree with a circumference (C) of 8m.

Use the formula: r =

Give your answer to two decimal places.

(i) Calculate the distance T as a percentage of this radius.

middle of the trunk
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(b) To calculate how old a tree is and how much it has grown, core samples are taken
at different heights up the tree.

These core samples are then aligned by matching the rings, as shown in
the diagram.
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left-hand side
of trunk

(i) Which row of the table shows the newest and oldest rings in this tree?

newest ring oldest ring
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(i) Explain how these core samples can be used to calculate the age of this tree.

Use the information in the question and the diagram to support your answer.
(3)

(i

i) Describe how the growth rate of this tree can be calculated.

(Total for Question 4 = 8 marks)

J

14

RO R0 T nrme
p 6 71 0 5 A 0 1 4 3 6

SLRRK
RIRHS
RN

Kome
o8 2% 1o%
KPS
SIAIKS,
S s

<
5%

oS
bose=-alet
959~ e

S
15
305

P
CXEEK
ookl
Dooeatel
Jo%e” = %




( )

5 Antimicrobial substances can be tested using a Minimum Inhibitory Concentration
(MIC) assay.
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This assay determines the lowest concentration of an antimicrobial substance that
prevents visible growth of bacteria.

A microdilution plate is used in these assays. It is made of plastic and contains small
wells that the antimicrobial substance and the bacteria can be added to.

The diagram shows a microdilution plate.
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An investigation tested eight antimicrobial substances on one type of bacteria, E. coli.

Appropriate controls were included in this investigation.

The diagram shows the steps involved.

Step 1:

Each antibacterial substance was added to
the wells in one row of the microdilution
plate using a 1 in 2 dilution plating method.

Step 2:

The same concentration and volume of a
suspension of E. coli was added to each well.

A =%
5
Step 3: i
B
The microdilution plate was incubated at an S
appropriate temperature for E. coli for
72 hours.
v
Step 4:

The microdilution plate was looked at under
a microscope to determine which of the wells
had E. coli growing in them and which ones
did not.
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(@) All steps in this investigation had to be carried out using aseptic technique.

(i) State the meaning of the term aseptic technique.

(i) Describe two aseptic techniques that could be used in this investigation.

(i

ii) Explain why using aseptic technique in this investigation is important.
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(b) Explain why the microdilution plate had to be incubated at an appropriate
temperature for E. coli for 72 hours.

(c) The diagram shows the results of the MIC assay from this investigation.

Increasing 1 in 2 dilutions of

.. . Column with no
antimicrobial substances
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(i) Explain why an antimicrobial substance that affects E. coli only was included in
this assay (row H).

(i) Explain why there was one column that had no antimicrobial substance added
to it (column 12).

(2)

(iii) The MIC for the antimicrobial substance used in row E was in column 4.

Describe how a 1 in 2 dilution plating method would have been carried out to
achieve the dilution in this well.

.
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(iv) Calculate how many times more effective the antimicrobial substance used in
row G is than the antimicrobial substance used in row E.

(2)

Answer .

(Total for Question 5 = 15 marks)
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6 Seaweeds are a group of organisms that carry out photosynthesis.

Identifying the types and proportions of chlorophyll pigments is important in the
classification of seaweeds and biodiversity studies.

(a) State the meaning of the term biodiversity.

(2)

.
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(c) Aninvestigation compared the effectiveness of two solvents, propanone and
DMSQ, in extracting photosynthetic pigments.

Four species of seaweed were collected from the Indian coast of Tamil Nadu and
taken to the laboratory where the species were identified.

Each species of seaweed was split into two samples of equal mass.

The photosynthetic pigments were extracted from each sample using one of the
two solvents and their concentrations determined.
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The graphs show some of the results of this investigation.
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*(i) Discuss the effectiveness of these extraction methods in the identification of
these species.

Use the information in the graphs to support your answer.

\. J

24
P66 7 1 0 5 A0 2 4 3 6

LSRR
KRS,
LRI,
SRR
G,

0626 !
bosecear e
pooteres
SRS
I
e
BT

o
IR

.:.
1% 1%
SEFK
Jote; el

<

gvege

Xl
%

oo s
CRLLH XXX

DeSetodes
S
ootatetotatetetedetetoted

EEO
SRR
$90%%%
1200 %%

%

&
fototele!
5%

%

X i
“z 'A:‘:
S <

S

SRR
(90950509
o



GO0
CRERLA:
505

<5

XS
o

5
SRS

KERIKL

S ot setotedetese!
R

G
RS
24
QGRS

hoses

<
XSS
S
5
K55

%
<

<K
<X
5

955

L

205
e

3058

RS

%
;g;v
2%

KK
X
~
N

5

Q5
355

<
X
KX
NETR
P

4

KL
QLK
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

.::’

%’
5

X

RHK
Steteteds

QLKL
(TR
(KT
AT
0%

ORI
5525 S8
¢ )
Dot
%

e

7!
NG

<
oK
N

2

%
1
Rt
CRRERRS

%%
b
92

S

5
5
Sk
T
ptetetels!

40X
RIS

ORI

0%
000
XK
5

(X
55
So%ss
%

G0
ety

0%

2%

XS

g%
‘wqas
LRRRIRRIRS

<5

%
¢S
2K

6K
230500030
Sodetetetele!
2L
258

KRS
RXR
B!
LK

K

<
o

<
%
25
e
5
&5

o
s
X
45
Yoo’

<

0 00
5%
LXK
55

<
%
25
So%s
555
s

>

%

SO
555
CRGKS
A‘%“.
S8

06K
RRERKS
QLS
X
ot
boses
CXX

o
53
RS

RRERS
fotetetotets
5%

QOQOLHKAIK
o Seotetetetete!
Sototelotetetet
RIS
dSodesototededs
RIS

%
<

(i) Suggest why different concentrations of chlorophyll were obtained using
these two different solvents.

(Total for Question 6 = 12 marks)
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7

7 Climate change is dependent on the balance of carbon released into the atmosphere
and carbon removed from the atmosphere.

Some ecosystems are better than others at storing carbon in their soil, releasing less
back into the atmosphere.

Conserving these ecosystems could be an important way of reducing climate change.
One study investigated the extent of decomposition in different ecosystems.
This study used tea in teabags as the source of organic matter for decomposition.

The photograph shows a teabag.

(Source: © Hugh Threlfall / Alamy Stock Photo)
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(@) The first part of the study was carried out in a laboratory.
Two types of tea were used, green tea and rooibos tea.

A number of unused teabags containing each type of tea were buried in soil at
two different temperatures, 15°C and 25°C.

UK
RS
KT EEEC ]
b ERETEY
S5

The mass of tea in each teabag had been determined before they were buried.
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At regular intervals teabags were dug up, dried, and the remaining tea reweighed.
The graph shows the results of this study.
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(i) The teabags had to be dried before weighing to remove water.

One teabag contained 28 g of tea when it was buried. When it was dug up it
had a wet mass of 42 g. The water content of this teabag was calculated to
be 50 %.

Calculate the mass of organic matter lost during this study.
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(i) Calculate the rate at which the relative mass of the green tea decreases in the
teabags buried at 15°C at day 30.

(2)
ANSWET .
(iii) Explain the difference in the decrease in relative mass of green tea in teabags
buried at 15°C and 25°C.
Use the information in the graph to support your answer.
(4)
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(iv) Suggest why the rate of decomposition of green tea was different from that of
rooibos tea.
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(b) In the second part of this study, several teabags were buried in
different ecosystems.
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A number of measurements were taken from the tea in these teabags and the
mean decomposition rate and the mean stabilisation factor (S) calculated.

The higher the value of S, the more carbon is stored in the ecosystem.

The graph shows some of the results from this study.

0.04 1 |_]X:_| 1

RS,
NOT )
3SR
RS

XX
N
o

0%

%
)(

R
25

<
P}

D

5

R

9%

X
CISRRRKA

KA

ORI
s %
X
%
o
o

SRREIRRRS
CEARKX]

66
05
&

e

KKK RKIR AR
<

LI

0.03 + 2 Key:

1 forestin Panama

<
%!
00598
6

RLRRLRRIRES,

<>
<
<
%

(5
35
K.
2K
25K
CKS

0%
potore!
KRS

s
s
ot

R

ool
S

2 mixed forest in Austria

Decomposition 0.02 -
rate / a.u.

3 birch forest in Austria

-+

4 grassland in Iceland

5 sandy desert in China

0.01 ,_Ii 6 loamy desert in China
% 6

O-OO T T T T T T 1
o0 01 02 03 04 05 06 0.7

S
CRRLLRRLGS
Aoy’
O

RRERRILS
ORI

%

I

25
o
é’ﬁg
LS

Value of S/ a.u.

XS
R

SIEINLLEL
bt
S

2:%%

SR LRRRES

<

CCIRIRIRK

EIHRRLLS
CLRRES
SOHRRKHRS
SRR

<
%
ot

5

2930}

%
0%
o%
X2
%
<

29
mcmn R TN O AR O Turn over
P 6 71 0 5 A 0 2 9 3 6



(i) Suggest why each point on the graph has both a horizontal and a vertical
error bar plotted with it.

(ii) Explain which ecosystems should be conserved to have the greatest impact
on climate change.

Use the information in the graph to support your answer.

(3)

(Total for Question 7 = 13 marks)
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8 Scientists studied the distribution of biomass in organisms on Earth.

(a) State the meaning of the term biomass.

(b) Voronoi diagrams were used to present some of the data.

Two Voronoi diagrams are shown.

Diagram A shows the biomasses of groups of organisms.

Diagram B shows the biomasses of the organisms in the animals group.

The biomass is given in gigatons of carbon (Gt C), where 1 GtC = 10" g of carbon.
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(i) Calculate the percentage of biomass in organisms belonging to the
domain Eukarya.

Use the information in diagram A.
(2)

ANSWEL oo %

(i) Suggest why the scientists studied the distribution of biomass in groups of
organisms and not the number of individual organisms.

Use the information in diagram A.

(i

i) Discuss the advantages and disadvantages of presenting data in
Voronoi diagrams.

Use diagram B to support your answer.
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*(c) The same study also determined the distribution of biomass in three different
environments: marine, deep underground and land.

The Voronoi diagram shows the distribution of biomass in each environment.

The graph shows the proportion of biomass in different groups of organisms.

0O
potetetetets!
T C
8%
oo

bt

KGR
CRRKK
NG
NG

S
N
N
24

KX
e
:.:
K3
.’

oo

marine _[_
6GtC

B land
T 470GtC

deep
underground
70GtC

03059
SIS
CRXRKLLRKL.
ERRRES

%
SRR

a0
LXK

<
S
bose%s

X8
2
5

<X

3

<
CERRLS

posots
0%l

%gg
P4tete!

<
S
d000%0,
S
B
KRS

<

295%%
GRS

0%l

290
d%%’

K.

<X

S
X

NS
AR

LRI,

%% %
%
KR
KL

S

<
AR

RERRKS

plants

fungi

%
0%
K

¢
X
53
%

2
S

9%
)

e
S

IRLRKS 7 ANKS
GLAIELLIKEE LGS

protists

2825
?
92

K&

%6t
3
o2

ORAARAKAARAK KA

AR

S

0%

0000 %%
X XREX]

KD
CEKLRIAS,
doletetetotetetetels
LELRLISLELRE
SRS
XX

K&
25555

SRR
IR

%

%

5%
XXX
190

animals

%
<

00
SRS

. deep underground

QLSS
IS

O
<5
KRR

<
<
X
%

Sotetetalotetet
SORRLRRS
S odateteleds

RRKAKARA KN

A

o
RL

‘p

%%
<

<

XL

bacteria

250
%%
0%&,

25
2
o

archaea

| |
0 0.2 04 0.6 0.8

fraction of biomass

—_

CRRLLRRLGS
SINELNE

dQSé&QQQ

CIIRRIKRRR,

bt
S

K SRIIKIIGRIA

ELELARRKL
ORRKARIRARARAAKAS

RRELRLLLN,
oot teteteteteteds

IR RLRLLRLLZZR,

0992
Patatatetatatetetatote

SR LRRRES

<
S
2K
S0
%
(X

%
<

CGIRIIEIRLLEIRKL

K

%
o%
o%

33

mcmn R 00T O 0 Turn over
P 6 71 0 5 A 0 3 3 3 6



Explain the distribution of biomass in these three environments.

Use the information in the Voronoi diagram and the graph to support
your answetr.

(Total for Question 8 = 14 marks)

TOTAL FOR PAPER =90 MARKS
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