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(@) Fig. 1.1 is a diagram of a nephron.

Fig. 1.1

Label Fig. 1.1 using:

I © UCLES 2024

one labelling line and the letter A to identify a region that contains urine

one labelling line and the letter B to identify a region that contains podocytes

one labelling line and the letter C to identify a region of the nephron that is within the
medulla of the kidney

one labelling line and the letter D to identify the afferent arteriole
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o carry out se
(b) The cells of the proximal convoluted tubule are adapted t ry

lective reabsorption.

I

Il

I

ctive reabsorption.
Describe and explain how these cells are adapted to carry out sele

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

[Total: 8]
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The scientist Gregor Mendel investigated differences in th
Pisum sativum. In 1866, he publishe

e length of the stem in the pea lplz_mt.
d the results of his investigation into this trait (characteristic).

Fig. 2.1 shows a diagram of a pea plant.

DO NOT WRITE IN THIS MARGIN

pO NOT WRITE IN THIS MARGIN

Fig. 2.1

z
g
x
Mendel observed that the pea plants he grew either had tall stems or dwarf (short) stems. In his §G.
investigation, Mendel carried out crosses using pea plants with these two phenotypes. g .
{
z'l
(a) From the results of these crosses, Mendel demonstrated that tall stems were dominant to E?P
dwarf stems in pea plants. E '
ey : b=
It is now known that the stem length trait in pea plants is controlled by one gene that has two S #
alleles: 2

« adominant allele, Le
« arecessive allele, le.

~

i AoITE IN THIS MARGIN

Describe a cross that could be carried out and how the results of the cross could be analysed
to determine the genotype of a pea plant with a tall stem.

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

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

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

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

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

.......................... (4]
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(b) th?;c:enhsts P W Brian and H G Hemming identifie
em in pea plants was associated with the presence ora

I -
hat the difference in the length of
bsence of gibberellin. They

il

i

published their findings in 1955.
ific receptor molecules.

()

(ii)

I © UCLES 2024

Gibberellin leads to a response in plant cells by binding to specific re
e such as gibberellin, that binds to specific

State the term used to describe a molecule,
receptor molecules and leads to a response in cells
(1]

gitéggze?t tthe response of thel cells in the internode region of the stem, as labelled in
. 2.1, to the presence of gibberellin and describe how this response affects the trait

investigated by Mendel.

[Total: 7]
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Cystic fibrosis is an autosoma
homozygous recessive genotype.

n_ - d

recessive genetic disease. People with cystic fibrosis have a

(a) Explain the meaning of the terms homozygous and recessive.

DO NOT WRITE IN THIS MARGIN

(b) (i) In2020: r

2
Q
:
9
S
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there were 10800 people with cystic fibrosis in the UK
the UK population was estimated to be 67 100000 people.

A proportion of people in the UK population are heterozygous for the gene that causes
cystic fibrosis and do not have symptoms of the disease. |

Use the Hardy—Weinberg principle to calculate the number of people in the UK population
who are expected to be heterozygous for the gene that causes cystic fibrosis.

The two equations for the Hardy—-Weinberg principle are provided.

equation 1
p+q=1

equation 2
p2 +2pq + ¢° = 1 (

frequency of the dominant allele

frequency of the recessive allele

frequency of the homozygous dominant genotype
frequency of the heterozygous genotype
frequency of the homozygous recessive genotype

ST

oD
O ‘bm-n‘c

The first stage of the calculation has been completed for you.

_ 10800
9" = 57100000

I © UCLES 2024 % 9700/42/FIM/24
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number of people in the UK expected to be heterozygous for the gene =

(i) The Hardy—Weinberg principle provides a useful estimate of the numberl of people in
. the UK who are heterozygous for cystic fibrosis. However, the estimate Is lower than
because not all the conditions of the

the actual number. This underestimation occurs
Hardy-Weinberg principle apply.
In the UK in 2020, the mean life expectancy of:

«  people with cystic fibrosis was approximately 50 years
« all people was approximately 80 years.

Explain how this information accounts for the underestimation of the number of people in
the UK that are heterozygous for cystic fibrosis.

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

[Turn over
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(c) A screening programme for cystic fibrosis was introdu . 1S :
UK. Children are tested within seven days of their birth. Children identified frc_:m the screer;_l:\r%
programme as being at high risk of having cystic fibrosis can have a genetic test to confi

whether they have the disease.

people born in the UK who

i) Table 3.1 di dicted life expectancy for
() shows the median predic p y D612 2046 and

have cystic fibrosis. Predictions are shown for people born in 2008,

2020.
Table 3.1
[ year of | median predicted life expectancy

birth lyears

2008 38.8

2012 43.5 g-
2016 47.0 ( ' :
2020 50.6 ¢

Describe the trend shown in Table 3.1 and outline how early screening for cystic fibrosis
may have contributed to this trend.

I © UCLES 2024 ﬁ 9700/42/F/M/24 I



DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGI‘

DO NOT WRITE IN THIS MARGIN

I

(i) In many countries, a genetic test for cystic fibros
her has cystic fi

s
l © UCLES 2024 ﬁ
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—
is is available to adults who do not have
brosis or is heterozygous

31

09 *

I

il

cystic fibrosis but have a family member who eit
for the gene that causes cystic fibrosis.
s of the family

ring, brothers and sister
e that

These adults include partners, parents, offsp
dults are heterozygous for the gen

member. The aim is to find out if any of these a

causes cystic fibrosis.
brosis

Discuss the ethical and social considerations of making a genetic test for cystic fi

available to these adults.

[Total: 14]
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es of the world

farmers in many countri

Olstej faet .
for thz”rLFnes,'a” cattle are a breed of cattle used by dairy fa
Igh milk yield of their cows.

Ei
'8. 4.1 shows Holstein Friesian cattle.

Fig. 4.1

stress. Heat stress occurs when homeostatic

ffected by heat
ormal levels.

Milk yield in Holstein Friesian cattle is a
he body temperature down ton

mechanisms are not enough to keep t

One of the factors that contributes to heat stress is air temperature.

[Turn over l
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Fig. 4.2 shows:

*  the mean daily air temperature in Central EUrOP®__ . e in Central ButgRs
*  the mean monthly milk yield per cow of Holstein Fries

___ 850
30 EL A 1.1 1 | 1 1 :-:_ ; ¥£
EEEEEEEEED HFEE800
25-HHHHHH - ok _ CHEEH
g8 iamer oo |AEsCoER |2 70 mean
mean daily ai O HH HH B B E T E’; T mont g
emperature 15+ - ] s B s [I2EE0] HHH / kg cow™! %
- 10-% |‘ sEmfEE g NEE eE g5 gasn (B 6=0 1
:{j- I ] | ] E g ; E EEE ':600 E
s+ HHf el Ol i I HH H Qe
o EEI_EJ g Na= Qs E‘ = NS u L4550 |
Jan ' Feb ' Mar Apr May Jun Jul Aug Sep Oct Nov Dec |
month

key

- mean daily air temperature

D mean monthly milk yield per cow
I standard error (SE) bar

Fig. 4.2

(a) With reference to Fig. 4.2, describe the trends in air temperature and milk yield from April to
August.

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

.......................................................................................................
.........................................
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(b) Many dairy farmers in

l © UCLES 2024
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e breeds that are tolerant to heat stress
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[

tropical regions use ca
ant cattle:

1

(heat-tolerant cattle). These heat-toler

can tolerate higher air temperatures than Holstein Fri
than Holstein Friesian cattle for the same high

esian cattle before heat stress

occurs
have milder symptoms of heat stress

air temperatures.
t-tolerant cattle produce a lower milk yield than

Where heat stress does not occur, hea _
Holstein Friesian cattle under the same conditions.
stein Friesian cattle and heat
ture.

-tolerant cattle for a

Scientists compared DNA sequences of Hol
number of genes known to have an effect on body tempera

Twenty genes were found that had alleles associated only with heat-tolerant cattle.

With reference to the information provided, including the data in Fig. 4.2
ilk yield in cattle

state the type (pattern) of phenotypic variation shown by mil
phenotypic variation in milk yield in cattle.

« dentify factors that cause
In each case, give a reason for your choice.

type (pattern) of phenotypic variation and reason for choice

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

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

[Turn over I
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(c) The scientists found that one of the gen | cattl
SLICK. The SLICK allele was identified in Senepo
found in Holstein Friesian cattle.

14

Cattle with the SL/CK allele have short hair due !

Scientists have used selective breeding to Fnt(o?]
cattle. The milk yields of normal Holstein Friesia
SLICK allele are shown in Fig. 4.3, during:

*  March, when the mean daily air temperatur?als
*  September, when the mean daily air tempe

PRLR, hzsat-tol erant breed, and is negy

o reduced hair growth.

K . :
uceﬂtlzea:é-fgoistein Friesian cattle with the
ca

ture is 14°C.

a dominant allele known ag

e ahe

allele into Holstein Friesian

5°C.

key
D Holstein Friesian cattle

Holstein Friesian cattle
with SLICK allele

900 TT 11 T T Smm . _EEEEZE
BeEEmERaREE —Eﬂ::z::
800 ll |] } i Il IF s 1 EEE =
| H ; Tk g1
| m 1HH
700 Ee=s
i EEEE
600 g!. mamE
i i HH
mean monthly anE T
milk yield >0 H
per cow I i J|
/kgcow=! 4001
_I,.H..}._
300+
i :
200+ :
EEO
HH
100+4H
| B7 9
|
o :
March : September
month
Fig. 4.3

With reference to Fig. 4.3, describe the effect of the
Friesian cattle.

sassssssnanna asiensanina T I Y,
een RNy teaamsnaasabnang REREA A
sesns
essan
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SLICK allele on milk yield in Holstein
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(d) The SL/
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sive allele by a single nucleotide deletion. This results

CK allele differs from the reces _
n and introduces a premature stop codon in the PRLR gene.

in a frameshift mutatio
s mutation in Holstein Friesian cattle. This

ng to replicate thi
sian cattle without selective

Scientists can use gene editi
provides a way to introduce the SLICK allele into Holstein Frie

breeding.
Compare gene editing and selective breeding for introducing the SLICK allele into

Holstein Friesian cattle.

Include similarities and differences in your answer.

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

[Total: 14]
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Complete the following paragraphs using the most appro

17

priate word or words.

s that can lead to the formation of new species from

The theory of evolution describes a proces
pre-existing SPECIES OVET ...........coouiummmnmnnsrusssisssesss

tionary relationships. Two

DNA sequence data of different species can be compared to show evolu
species that have a more recent common ANCESIOr SNAE MOTE ....osesesssensnessssessrmscessrmn e in
distantly related.

the DNA nucleotide sequences of their genomes than two species that are more

y of evolutionary relationships. Mitochondrial

Mitochondrial DNA can also be used in the stud
its nucleotide sequence is unaffected by

DNA is inherited only from the female gamete, and
during the production of gametes.

. allowing faster

DNA sequence data can be stored in large biological ..oz
are. DNA sequence

comparison of the nucleotide sequences of genomes using computer softw
sequences of proteins produced

data can also be used to predict the

by a species.
can be used to detect many different mRNA molecules at the

same time in studies that compare gene expression between different species.
6]

[Turn OVE:_!
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’m 'I" ‘II‘ hat can be used to measure the rate of respiration of living
c

I

A respirometer is a piece of appa
tissue such as germinating peas

nin Fig. 6.1.
== —

N

Syrjnge \

i

A simple respirometer is show

I/
et |
! ruler
germinating < cm
peas 0 U-shaped

1 tube

test-tube-__._,________ 2

coloured
k 3 liquid
potassium ey 4
hydroxide /U

solution
Fig. 6.1

A student carried out an investigation to determine the effect of temperature on the rate of
respiration of germinating peas.

*  The student set up the respirometer as shown in Fig. 6.1 and placed the respirometer in
a water-bath at 10°C.

» After five minutes, the student used the syringe to adjust the position of the coloured

liquid in the right-hand side of the U-shaped tube so that it lined up with 0cm on the ruler.
The student immediately started a timer.

* The germinating peas used up oxygen, causing the coloured liquid in the U-shaped tube
to move.

The student measured the distance moved by the coloured liquid after 20 minutes.
The student repeated the experiment at temperatures of 20°C, 30°C, 40°C and 50°C.

e the function of the potassium hydroxide solution used in the investigation.

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

7
) " |
wire :

po NOT WRITE IN THIS MARGIN
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(b) Suggest how the validity of the results could be assessed.

(c) Explain why the respirometer was left in the water-bath for five minutes before starting the

experiment.

............................................................................................................................................ (11
[z
Q
-
2
9
=
|_
4
u
E
)
)
)
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(d) The rate of movement of the co loured
is shown in Table 6.1.

Plot a graph of the results shown in Table

best fit.

rate of
movement
/mmmin~’

20

liquid in the U-shap
Table 6.1
temperature/°C rate of movement/mm min
10 0.40
20 0.70
30 1.30
40 145
50 0.60

1.40 |

1.30

1.20

1.10

1.00

0.90

0.80

0.70

0.60

0.50

0.40

ed tube, calculated from the results,

6.1 on the grid in Fig. 6.2. Draw a curved line of

0.30

0.20

0.10

0.00
0 10

i

20 30
temperature/°C
Fig. 6.2
9700/42/F/M/24
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: i f respiration.
g (e) The rate of movement of the coloured liquid is re ated to the rate 0 | 2
: ration shown in Table 6.1 and Fig. 6.2.
|§ Explain the effect of temperature on the rate of respiration
E ...........................................................................................
g .............................................................................
N o cnn ol A o g Mo i S0 TR
Bl 10 O DR R R SR AR i e
I e oo
: ....................................................
H 0w b R SR aln ol o s
- i o= o i S
l ......................................................................... [3]
. ....................................... i
vet
[Turn o et
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f phot urs within chloroplasts. In this stage,

7 (a) The light-dependent stage O osynthesis ocs ectron acceptors.
i eleclro%s arep:mitted from the chlorophyll @ molecules and passed to el

suspension of illuminated chloroplasts,
DCPIP to change from blue

as DCPIP, is added to a
lour of the

If a redox indicator, such _
electrons will be transferred to DCPIP, causing the co
to colourless.

A student investigated the effect of the wavelength of light (colour of light) on the rate of

photosynthesis.
each containing 2 suspension of

he dark until required.
fferent colour: red, blue or
nd each was exposed to

e colorimeter tubes, j
uspensions were kept in t

ch exposed to light of adi

the same for all tubes, a
ditions were kept the same. _
nsion was measured at one-minute

. DCPIP was added to thre
chloroplasts. The chloroplast s
«  The colorimeter tubes were €a
green. The intensity of light was
light for four minutes. All other con
.  The absorbance of each chloroplast suspe

intervals using a colorimeter.

The results are shown in Fig. 7.1.

1.6 _ _

1.5 = ;
] i ] green
—1 light

1.4 -

1.3 NN

1.2

absorbance 1.1
[T I |

1.0 =
!

09 1 .l I blue
light

0.8

red
light

0.7

0.6 mE
0 1 2 3 A

time/min

Fig. 7.1

[Explain why the chloroplast suspensions were kept in the dark until required

I T R R TR Fesssassassnanannn EERE R AR RN R R R b s e e R B A e
. .
see e senae
sensan . esrens
. .
e

¥
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(i

Describe the results shown in Fig.

|

8
)

thesis, explain the differences

(iii) With reference to the light-dependent stage of photosyn .
nin Fig. 7.1 for red light and for green light.

between the results show

[Turn ove
-
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(b) Changes in the atmosp

can affect the rate of photosynthesi

photosynthesis.

Complete Table 7.1 using a tick (V)
fy the processes that are no

heric carbon :
s. These three factors direct

ght in

concentration, li
y affe

to identify the proce

by each factor or a cross (X) to identi

factor.

Indirect effects where a change in the rate of one proces

process should not be considered.

sses that can
t direc

A tick or a cross must be placed in the final column of every row.
Table 7.1
Gaite e T ]
sl ptn eyt mhy|epees AR
carbon dioxide Calvincycle | e
concentration :
photophosphorylaton | ...
Calvin cycle
Ilght intenSity ..................
photophosphorylation
Calvin cycle
temperature ..................
photophosphorylation

9700/42/F/IM/24

24
tensity and temperature ;
ct different processes of '

be directly affected
tly affected by each

s affects the rate of a different

(3]
[Total: 10]
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g (a) Approximately 2 x 109 people in the world a
tuberculosis (TB) caused by Mycobacterium tu

treatment can begin.

| =
re currently infected with the pacte
perculosis. Early diagnosis is IMpo

rats, Cricetomys
this by sniffing a
an giant pouched
3%.

as trained African giant pouched
detect M. tuberculosis. They dp
may have TB. The Afric

s with an accuracy of 87-9

APOF’_O is a non-profit organisation that h
gambianus, to use their sense of smell to
sample of thick mucus from the lungs of people who
rats are able to detect the presence of M. tuberculosi

z
A
3
B
=
z
E
B
=
2
8

Fig. 8.1 shows an African giant pouched rat.

DO NOT WRITE IN THIS MARGIN .

Fig. 8.1

cell used by African giant pouched rats to detect M. tuberculosis is

B (i) The type of receptor
the same as that used in human taste buds.

Name this type of receptor cell.
1

y
E

)

E (i) Suggest why African giant pouched rats trained to detect M. tuberculosis may also be
, able to detect other species of Mycobacterium that cause TB.

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

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

[Turn over l
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(b) The African giant pou ongs to the kingdom Ani
on of the African giant pouched rat.

Complete Table 8.1 to show the full classificati

Table 8.1
R ————
kingdom Animalia
____r__;_______.______’__,_,__f-—
Chordata
class Mammalia
___________——__________——————— 1
Rodentia |
.............................
family Nesomyidae
species gambianus

(2]
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’ Differences between members of the domain Eukarya and
lar membrane-bound cell structures.

5?11842

=
g :nclude the presence or absence of particu

Lom
z .
W Outline other differences in the characteristic features of members of the domain Eukarya

g and members of the domain Bacteria.

b

z .....................................

| T e

o

| T

7]

x

<

| e e
w0

T

-

| e
E

=

- PO e
Q

(d) Describe, with reference 10 the structure of viruses, how yiruses are classified.

-

g [Total: 11)
=

@

T

'—

=
I E

*..-
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”””m , i intensities of blue light on the
t of different i light for a perj
investigat ied out to study the effec sed to blue lig periog
e g:rg;\:ﬁ:;gag;:)r%ﬁaa?i:: rcrllfebariey seeds. Barley seeds were expo

of seven days. All other variables were kept constant.

The results are shown in Table 9.1.

I
Table 9.1 3

k&
: i entage
farll::;‘:?e:l"; tler:}zt{au) M i;
0 (dark) 98.0 z
36 76.9
48 450
57 14.7

The effect of blue light on the concentration of abscisic acid (ABA) was alsch’ mves::ga;ed_ ¢
ABA concentration was measured at intervals over seven days in barley seeds exposed to
blue light at an intensity of 57 arbitrary units.

The results are shown in Table 9.2.

Table 9.2

concentration of ABA
/arbitrary units (au)

0 100
1 90
3 350
5 351

B j
7 381 . _

For comparison, in the dark the concentration of ABA in barle
: y seeds fell from 100au at
start (day 0) to 45au on day 1 and did not increase from day 1 to day 7. e

=5 9700/42/F/M/24 I
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ABA is thought to affect gibberellin synthesis or activity.

29

be the effect of blue light on the

Table 9.1 and Table 9.2, descri
ect.

Using the information in
ds and suggest an explanation for this eff

germination of barley see

S P VNVRITE THTHIS WA

ination, auxin is important in the growth of barley plants.

(b) After germ

Describe and explain the role of auxin in cell elongation.

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

9700/42/F /24 [Turn over
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30
ral structural proteins

L L UL LT I——

: 0 . :
Striated n, tropomyosin, actin and myosin.
i mere.
ctural proteins in the contraction of a sarco

Outline the roles of these four stru

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

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

during surgery to stop the patient
ine, which works by preventing

(b) Drugs that cause muscle paralysis (paralytic drugs) are used
les contracting because it has

moving. One commonly used paralytic drug is succinylchol
contraction of muscles. Succinylcholine is able to prevent musc

a similar shape to acetylcholine.

Suggest how succinylcholine is able to prevent muscles contracting.

...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
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c) Duchenne muscular dystrophy (DMD) is a genetic disease
f the disease first appear at an early age.
son with DMD

t four

DMD affects striated muscle, and symptoms 0

g contraction. A per

A fibrous protein, dystrophin, stabilises muscle fibres durin
The disease occurs in abou

roduces non-functioning dystrophin or no d :
i stroph
in 100000 people and mainly affects boys. yEtoptin e S

suggest and explain why boys are more likely to have DMD than girls.
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