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Answer all questions in the spaces provided. box
The iris in the human eye is a muscular structure. The iris changes the size of the :
pupil.
Figure 1 shows the muscles in the iris.
Figure 1 |
Pupil ‘
' Radial muscle |
Iris '
! Circular muscle ‘
| .
|
| |
| m Suggest and explain how the interaction between the muscles labelled in Figure 1 ‘
| could cause the pupil to constrict (narrow). |
i [2 marks] |
CLraukor nwasclas welt  Conbrack  pulitng
lrl.-.g !Jw'pcl Un woels Rmd&'a.l nunsele e lax.
|
|
|
|
|
|
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@ The fovea of the eye of an eagle has a high density of cones. An eagle focuses the b
image of its prey onto the fovea.

|
Explain how the fovea enables an eagle to see its prey in detail. |.

Do not refer to colour vision in your answer. ‘
[3 marks]

\jfbng W  pehtnal  Conrgause | So VAT l"“a“_\_!
Qcuth Contss ove  Connecd to Rpprake
nddvwdunels Wourones S Hignal o 2ath
con b debaRd  Soperodels ay  Cepread v«.gpwl&ul
| St o Yoo bradn. | |
| Can b2 distingue shael botcen 2 Hferess

! |
| @ The retina of the human eye has an area of approximately 1.094 x 10° mm?
‘ The circular fovea in a human eye has a diameter of 3 x 10° ym

| Calculate the area of the fovea as a percentage of the area of the retina.

‘ The area of a circle is mr2. Use m = 3.14 in your calculation.

| Show your working. 3000 pum = dnam D AS ar

| w . 6.4579 ¥ ke ‘
‘ 1.034¢40®
| 6 -USr9 xlo P x4 T O6USE.o |

b6 9%
0.6 % |

Answer A6 % |

Question 1 continues on the next page |

Turn over »
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| [071).[4] The retina of an owl has a high density of rod cells. box

Explain how this enables an owl to hunt its prey at night.

Do not refer to rhodopsin in your answer. ‘
[3 marks]

Uc&ak Visuak  Sensofovcd S0 &gu neMe cled 2ary, ‘
i
|

OF low irleasty coun be P wp. Mo yoos
Gar_Conmeshed for o Sungle neureng | So shenAehon |
| 9} aﬁ,—a—%—w&—ﬁeegrbﬁn&u—.;mm& rools
| at oaly low \:ntanscl-._\' Wil cou binad g)roocu-c:.a po gt |
| Skimodlodten Yo nueowme o Oviicore = Jheeshole/ |

i Yo {jﬁ:o‘QAC& NeyvR \‘m.,‘guls&

i
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Testosterone is a steroid hormone that belongs to a group of male sex hormones b
called androgens.
E] Steroid hormones are hydrophobic.
Explain why steroid hormones can rapidly enter a cell by passing through its
cell-surface membrane.
[2 marks]
\‘\t-:\,daepkc; boe  Se Ll.'p\.d o luetle | So e, can |
_.ch‘-_'(b_d‘ﬂ"”t Gecross  tha Tﬂmsp ﬁ],ou,g.‘ol L'-‘(Q.lag_f |
| |
i
| |
|
|
|
|
@ In the cytoplasm, testosterone binds to a specific androgen receptor (AR). |
An AR is a protein. ! i

Suggest and explain why testosterone binds to a specific AR.
[2 marks]

Q_._u_?ifor hees o J'!?Lor)ét_ Shouoz COM.:OW}W‘-; |
b Ve YesksRrone, shape . This 3 bt b |
Lot Syevipic fodion Shvdhue  aner Jolctng
o ?,ol-ecns

v

Question 2 continues on the next page

i
Turn over »
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E] The binding of testosterone to an AR changes the shape of the AR. This AR molecule P
now enters the nucleus and stimulates gene expression.

Suggest how the AR could stimulate gene expression.

[2 marks]

4P can be a prohn-o{-l-r Frai-‘u‘,n Hoot S}c’quLl
\r\_gj_pg e l;;u\oh.ag %f RVA pab:\mm Jo ke @Uﬂ_i

The gene that codes for the AR has a variable number of CAG repeats.

Some studies have shown an association between the number of CAG repeats and

the risk of developing prostate cancer.

Table 1 shows the results of a statistical test from one study.

Table 1
.'f,“{.?ﬁfgﬁ.ff repeats Probability (P) value
< 16 0.02
<17 0.30
<18 0.07
<19 0.09
> 20 0.06

‘ [zl What can you conclude from the data in Table 1?

Wwew 46 or I(,uu' Have o8 o Séomepcant radoon shiy

[3 marks] i

u}\h..b_ Lo tw 4?‘ of WMo Yo § o Sbﬁm.({,c-a.nj‘ '

reloftonshep /atSSacg,‘aJ-c:an .
Witk 16 or less Theye s a

liss dhan § %

d\tn Muﬁh&t/v\d(&\edagku,&w&m |

M.\z.d- fthe  nul Mpo*\ust.s. L e .Fo-r/[? o Gloovt

W2 Caar So wmugyd W}' Fhe Mé}ﬂ‘“"’“‘ II

L
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Figure 2 shows one type of calorimeter. o
Figure 2
Thermometer Sl
: +— Air
{
o ‘
T Water ‘
'| Sample holder—T’ '

A calorimeter can be used to determine the chemical energy store of biomass. '
. A known mass of biomass is fully combusted in a calorimeter. The heat energy ‘
| released from this combustion increases the temperature of the water in the

calorimeter. The increase in the temperature of a known volume of water is recorded. ‘

~

. m Other than the thermometer, explain how two features of the calorimeter shown in ‘
Figure 2 would enable a valid measurement of the total heat energy released. '

[2 marks]
1 4“5%0»‘\ W.’U-:"W:S-g w COSr J"O-smhﬂﬁwﬂr—.'|

2 _Jwer lshibukes, haar ey.ud-ﬂ or the o= ek l

Question 3 continues on the next page

JE—— . S . B

Turn over »
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@ A 2 g sample of biomass was fully combusted in a calorimeter. | =
|
The volume of water in the calorimeter was 100 cm® ‘
The increase in temperature recorded was 15.7 °C :

4.18 J of energy are needed to increase the temperature of 1 cm®of water by 1 °C

Use this information to calculate the heat energy released in kJ per g of biomass.

Show your working. 23 - 15',7'6 °J A00cw? [2mark5]i
9183 /40;».3 J4¢C |
L1& x 153 x100 : 5626 - [« 29 |

b |

Fcr '[ﬂ‘ _6_;1(2_?.-—-: 32818 3/6 |
3«8 LT/0 |

|

Answer .28 kdg™' |

|

Plants and algae produce fuels called biofuels. Scientists have used Chlorella to |
produce biofuel. Chlorella is a genus of single-celled photosynthetic alga.
Chlorella can be grown in open ponds and fermenters.

E] In natural ecosystems, most of the light falling on producers is not used in I
photosynthesis.

Suggest two reasons why.

1 qlﬂ‘hm }rw fe bo) Susface

[2 marks] |

2 Otist_jackor e C9 Conanprabion o Lu*?wm'!
> ke (Lo ,fac-#‘cr of Phetesgnlbass. |

08 IB/WJun20/7402/2
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E] The light absorbed by chlorophyll is used in the light-dependent reaction. =

Name the two products of the light-dependent reaction that are required for the |
light-independent reaction.

1 Qodeat VARP
2 ATe

[2 marks] |

E] Chlorella cells can divide rapidly. A culture of 2000 Chlorella cells was set up ina
fermenter. The cells divided every 90 minutes.

You can assume that there were no limiting factors and that no cells died during the |
24 hours, |

Calculate the number of cells in the culture after 24 hours.

Give your answer in standard form.

Show your working. 4.5 h - D00 v2

24

[2 marks]

Q) 0oe x 2!6__ 131032000

4.2 vAQ |

—

—

4.3 x40¥

Answer

Turn over for the next question

Turn over »
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Figure 3 shows the banding pattern of a single sarcomere. e
Figure 3
|
I ) Sarcomere i |

'[0]4].[1] Expiain the banding pattern shown in Figure 3. |
' [3 marks] |

| |
| L ol v o ek T waste from onty_ackin.

\)lﬁUr % s 2ome. B Mol.n.uuf }(‘v—- o-}"l Wyo8¢n

|
|
|
‘ Dostesk Ward o Liart oslia o Ve o§in '
| OUQIlo,\o_ ‘
|
|
|

i
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Creatinine is produced in muscle tissues. Creatinine diffuses into the blood. box

The kidneys then excrete creatinine.

A calibration curve can be used to determine the concentration of creatinine in urine.
One method of producing a calibration curve needs:

creatinine solution of known concentration
-distilled water

creatinine-detecting solution

a colorimeter.

Creatinine-detecting solution reacts with creatinine to produce an orange colour.

Use the information provided to describe how you could produce a calibration curve
for creatinine.

Do not include details on the use of glassware in your answer.

[4 marks]
Proower. o Sarcel  clelhon on  craknine Sow.k'-oq;
Lovin  oleshildd wades
Add  crakee Cuanbinine olebechng solutton Yo ey
Hthdvon. Hoken, Sur each Solntion  haus ko
Sane.  vewre  onky thar Con bl on  vorvas. |
Molﬁnﬂ\} W ganw oumownt of Creohialas ks teay
e o colortnclr bo nepcua the absubance |
o) eoeh Sorepla Slucon,
Plot  delbikion Congpntrthion a.go..cns}- Q4 serbemce
Yo tresdre Wk- Cowwk‘ﬁ_, \'ﬂot'n-"-_;-‘ Lol ER |
Sneoth  Carvt for Caldbrdtion Cuivl. |

Turn over
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E Describe how you would determine the concentration of creatinine in a urine sample
using your calibration curve.

[2 marks]
Add same Vol of (heokinine thok-'ﬂg 56 kdc'on

v

|
as useod  for Mo Curvt | fo tu Some whiea qf |
|
|
\

wrhe  Saup Gy Lach Scumplt wes. Miases

Ghsof banee anmd ek of frowd grae fla
vedsa chlcf:, b concamtrabe, at HKe guen
abhsorbance ,

LI o
12 =
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Describe the sequence of events involved in transmission across a
cholinergic synapse.

Do not include details on the breakdown of acetylcholine in your answer.
[5 marks])

The  werve tapuhse  yrteches Jl guwapse of A+

nicone | dapolersinn  tha presynepkc N aebvane . |
Rs  ahccunn  Loas R by Calcduun  Crenmats O'PW\»TJ.i
on fur Smep e kb,

T Ca™ voms  Counse Sqmq,p'h‘c. vescolts 0 Waovt

lgussirds sust Juste wehle D\.L,S_'zﬁ(e pasbrane,
NJ.M.svrb\ otak) Choldna (Mu‘o‘}'mnsmuu\

Thase relansesd ockl) draiine neoltadts  obiffecsa
GAND 35 Yhe &\mp'k.‘c_ Cﬂdl-

Cocoplors on the Oo&“-':\-'mokt manbrean. ot o

L o.c.dr{-\\ MM moltcrcdes S Crusing Na®
(o) vous Yo efer pa.«,+a~\vakc_ hauront . Taes
aste Yo dupoloswisahion aut Aecsfors tha
Gormarothion 2] & New NuW Unputs 8.
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lI] Mutation is one cause of genetic variation in organisms.

Give two other causes of genetic variation,
[2 marks] |

1 Q-&U\QXM v_lp,—-h'h‘zn-\fon |

2 Cmss&\& QveS

In a species of flowering plant, the T allele for tallness is dominant to the t allele for
dwarfness. In the same species, two alleles C® (red) and C¥ (white) code for the
colour of flowers. When homozygous red-flowered plants were crossed with
homozygous white-flowered plants, all the offspring had pink flowers.

. @ Name the relationship between the two alleles that code for flower colour.
[1 mark]

CO)‘* doua-ff\-mc.e_

1 4 18/M/Jun20/7402/2
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E] A dwarf, pink-flowered plant was crossed with a heterozygous tall,

:
=

T

white-flowered plant.
Complete the genetic diagram to show all the possible genotypes and the ratio of
phenotypes expected in the offspring of this cross.

[3 marks]

Phenotypes of parents: Dwarf, pink-flowered x  Tall, white-flowered

Genotypes of parents: tt C » G w T‘t c” C o

G IR

— £ 4

T ¢ ecRerTece Tk Tt-C_‘” MTECCL §

Thr T Tty oy 166770

bV RO g co 4 CWer ll

[t ¢*teteteret e e |

Genotypes of offspring: _ tEC®CW 44 %0 T ChCU TRe™C” |

Phenotypes of offspring: _d,mg_gmk_;&uu& whrbe, Yok ?cﬂL_}_i
Yol Lwtte

Ratio of phenotypes: K 1 11 '|

A population of this species of plant contained 9% of red-flowered plants.

Use the Hardy—Weinberg equation to calculate the percentage of pink-flowered plants

in this population. d.a%= ?m
Show your working. =) P_': g‘_%?‘! ——

A= 0

A- 0.03 ~OMY™ 2Py
' . ONMZ
1469
Dtk

Answer Lll %

e ——————— - _Tt;wvor;
1B/IMIJun20/7402/2
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A scientist investigated the effects of different fertilisers on the growth of |
spinach plants. The scientist:

set up a large sample of identical pots of soil

added different masses of different fertilisers to selected pots
did not add fertiliser to the control pots |
planted the same number of young spinach plants in each pot |
after 20 days, determined the biomass of spinach plants in each pot. |

The results the scientist obtained after 20 days are shown in Figure 4. I

S - . - |
|

Y 9501

|
1

404

3%

Mean
biomass
grams
per pot

j 301

2.0;

1.0}

005 15 |
Mass of fertiliser added to each pot/g

Key

A—=A Potassium nitrate

m——=& Ammonium sulfate _ ‘

A—7\ Chicken manure
Control — no fertiliser added |

y times greater the mean growth rate per day was using

te how man
Calculate 37.5 g ammonium sulfate. |

37.5 g potassium nitrate than using
Assume the mean biomass of the spinach plants at the start of the investigation was

0.5 g per pot. ?O_h_s“.w + 49- o.(a s L{_uﬂ

[1 mark]
-37-05" 518 ‘

Py s _crN: Vaa

e =
——

del 2 4970 |
X = |

(B/M/Jun20/7402/2
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[5 marks]

Pah:e,;.‘wm ke s Mrog/- %cl‘om , LAl

At o Oy e lexdh oY ciwce.

AL ore ot offedlim floughl Hhon  plands

Ca  Corbnl o{ra.ﬂ‘,,
| | S ;f,.ffk—r a_otomhﬁ,_ d'j erafusscu- hbrode  cheut
| 304 -
| CWM RS '?/"d"w’ cler@ases abov*
| LSy .
l \*\owwu, o Shat'sicah Flst  toay ﬂf‘qﬁﬂvm _
‘ P comd koo Y cbifererncs ar chiu'ﬂ‘c.an/- ‘

‘ T %‘VAK?G/CM & oaly dowe on Piaach, f‘u'?u ‘
| ot O&M Ouf Coa ',&,r MM f/M&* |

| . @ The scientist determined the dry mass of the spinach plants. First, he heated each

sample at 80 °C for 2 hours.

the sample.

|
|
‘ Suggest what the scientist should do to ensure that he has removed all the water from
|
I

[2 marks]

Wigh %O/\..?Q omd than Wa) sovs o ’,‘}La.n |
R g\ QLgarn . ﬂl_'ﬂm-} HuU ne M“\)—l

(‘J«Mw&& e, wass.

Turn over »
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- - . - |
Alport syndrome (AS) is an inherited disorder that affects kidney glomeruli of both '

men and women. Affected individuals have proteinuria (high quantities of protein in
their urine).

| |I| Suggest how AS could cause proteinuria.

| [2 marks]
Dcu'n% P profies (n baseueant Netabrosa

i So thek pmtb‘ns er obl b pass ke Fukute
| hanee @l chbe Loming otk Lugh concendrotion.

‘ Izl AS results from a sex-linked mutation.

In a male with AS, where would the sex-linked mutation be located?

Tick (v') one box.

The homologous section of a Y chromosome

The homologous section of an X chromosome

The non-homologous section of a Y chromosome i

|
The non-homologous section of an X chromosome \/

| III| ||||, ml Iw 1B/M/Jun20/7402/2
18
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Scientists investigated the use of transplanted stem cells to treat AS in mice. . box

The scientists set up four experimental groups.

Group A - 40 wild type mice '
Group B — 40 AS mice |
Group C - 40 AS mice that received stem cells from AS mice ‘
Group D — 40 AS mice that received stem cells from wild type mice ,
*Wild type mice are mice not affected by AS. '

After 20 weeks, the scientists measured the quantity of protein in the urine using a
scale from 0 (lowest quantity) to +++++ (highest quantity).

The results the scientists obtained are shown in Table 2.

|

Table 2 |

|

‘ Maximum quantity of Percentage of mice '
. Group protein in urine at with this quantity of '
| 20 weeks protein |
| A 0 100 |
B s 97.5 :

‘ c A, 100 |
. D ++ 68 !
|

‘ - E Using all the information, evaluate the use of stem cells to treat AS in humans
[4 marks]

| Trectnant D cloty hawe (owes aurount o) Ersha
i Mon  other dradmenk 5. it codd bo offedir
‘ bwt not M effechvr oy Lrled /-jp,z gl_(.,{,( hay |
| Less mtm Reslaces, frofevn buk vob  fa Ha
U.u.PJL a] wild L?JPQ.
i We oloatr know  obest vk OJ*L( wle Lh c'}fr'w
‘ D owbsiott Jie 68% | Gun cotf e cored.
| Ao cout Quenkitvtl, @nepar \'pm'*ua as Wi ‘
ot know exact (Quanlehy.
donosr  Lesa, 2fects b2yonot 29 Loradg s amie \
wuh Codd be rCsly ,ﬁ:w l'w-wa.m-s |

Answer space for this question continues on the next page ‘

Turn over b
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|
|
E, The scientists carried out further work to investigate how the transplanted stem cells
developed after transplantation.
« The scientists transplanted stem cells from wild type male mice into
AS female mice. |
o After 20 weeks, they found that the quantity of protein in the urine of these
female mice had significantly decreased.
o They examined cells from glomeruli in the female mice. Some of these cells
contained a Y chromosome.
Suggest how the transplanted stem cells reduce proteinuria. i
[2 marks]
Moo Sl s Speatulsse | diferesdoake v le (M |
ummd o bl but woibhowt  daraged Chameds,
So fheny MN\%‘.&-“[ Qmwr\ at Ha 9""“»'—10%.
' |
|
|
i
|
|
W -
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A scientist produced transgenic zebrafish. e

She obtained a gene from silverside fish. The gene codes for a '
growth hormone (GH).

She inserted copies of this GH gene into plasmids. She then microinjected these
recombinant plasmids into fertilised egg cells of zebrafish.

|
II' Describe how enzymes could be used to insert the GH gene into a plasmid.
[2 marks] |

Rosbuckon ondovuaclease Used fo G- wAyma
L' a ‘S\\:c,l..,n.l ond ', |
Lo%&y. nzgua wgd g joa lesered DA 'Fmg,u.w
ot wh same  peghrichon fuzgua Unba plosnsd J |
oty Yt ghicks, emcts |

E] Microinjection of DNA into fertilised egg cells is a frequent method of producing I
' transgenic fish. However, the insertion of the transferred gene into nuclear DNA may |
be delayed. Consequently, the offspring of transgenic fish may not possess the '
desired characteristic.

Suggest and explain how delayed insertion of the GH gene could produce offspring of |
transgenic fish without the desired characteristic.

[2 marks] ll
Cﬂi Mwscon  Ocooss kik* DN & taserhiowr | So |
Soms  dowgher colls L0tk nob _howt  olgedd Qe
N{,l;c,o}au ke Yoo . Celly prestashy cv;;a@tg
do rol reclew, Fhe Gony -

W
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23 Maths Made Easy

Do not write
oulside the

The scientist investigated whether the transferred GH gene increased the growth of | box
transgenic zebrafish. She microinjected 2000 fertilised egg cells with the GH plasmid

and left 2000 fertilised egg cells untreated. After 12 months, she determined the
mean mass of the transgenic and non-transgenic fish.

The results the scientist obtained are shown in Table 3.
Table 3

A value of +2 x SD from the mean includes over 95% of the data.

Type of zebrafish

Mean mass of zebrafish / g ( 2 x SD)

Transgenic

1.79 (+ 0.37)

Non-transgenic

0.68 ( 0.13)

. E Using Table 3, what can you conclude about the effectiveness of the GH gene on the

growth of zebrafish?

[2 marks] |

Standorh  (utedton; domt ove.r(,o.p,sg oﬁ‘ﬁ—cr%u |

[\ &%@an«ﬂ{} O&W

Yans o& )j"u. ﬂ"’sl-\- (_‘;'Mscggm LS L\M.J\?u\

| E Explain how two features of the design of this investigation helped to ensure the

L

validity of any conclusions obtained.

Do not include calculating the mean or SD in your answer.

1 Coné'ral\ hrabacn b WS ﬂo-r COWPM‘JQ-’\.

2 LC-«l"y.. MLE 2. @ JAouss \,w_?g, h-un.k 0{
L&pn_ﬂéw&}\-'ou ‘,n:ﬂ a¥ vy el s,

|
[2 marks] ‘

Turn over »

1B/M/Jun20/7402/2



24 Maths Made Easy

Do nol write
outside the

. Read the following passage. | box

North American black bears can hibernate for up to 7 months without food or
water. The bears survive using the fat stores in their bodies. The bears build

up the fat stores during the summer. During hibernation, the heart rate of

black bears decreases from a summer mean of 55 beats per minute to 14

beats per minute. Their metabolic rate falls by 75%. 5

In many mammals, ‘uncoupling proteins’ help to maintain a constant body

temperature during hibernation. Uncoupling proteins are found in the inner
mitochondrial membrane and act as proton channels during chemiosmosis.
However, these proton channels do not generate ATP. I

In the mountains of North America, when winter changes into spring, the coat 10
colour of snowshoe hares changes from white to brown. Climatic changes
have caused the snow to melt earlier. This has reduced the survival rate of ‘
snowshoe hares in these habitats. The change in coat colour occurs when
new fur replaces old fur. This is called moulting. Recent research has shown ‘
that snowshoe hares within a population moult at different times. Moulting at 15
different times could be a major factor in ensuring the survival of snowshoe ‘
hare populations.
|
|

Use the information in the passage and your own knowledge to answer the following
questions.

|
m Black bears can hibernate for up to 7 months without food or water (lines 1-2).

Suqggest and explain how.
= P [3 marks]

"‘Fl# Shuragey Can be_ whed e h netrabolne  Gwol |
Y‘Qﬁpv'ﬂ onN . l-\owwu,a.s G ackve lua& W?, Vs
wzaslad Czwﬁuu«.»; 3 '1719_ procrss #;gluc.-c m?emcs |

cMows  ledly awels do Se  Convertd lo glucoss awd
N v v |

wstst dn legrrdton. Ty Can Jse st loss
Qi te Rypurr ca to hyh J-u}- swatvon W-aﬁ_‘
Haonn Lsscm. [0 consemt sodks sy Mol Wiasdton
dnch Wyt wadse  foa woekedoWs processest, Swoh
&g Jrem resp vradiion . |

lm “lﬂ II|| |Iﬂ IB/MAUN20/740212
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Do not write
@ Quﬁng hibernation, the heart rate and the metabolic rate of black bears decrease o
(lines 3-5).

ll}s: :;our knowledge of the nervous control of heart rate to describe how these are ‘
inked. |

[4 marks]
Lowsers (aved o Deetabolism prociucess lowes CO, Cont'.mbo}"bl
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- E] In many mammals, ‘uncoupling proteins’ help to maintain a constant body ‘
temperature during hibernation (lines 6-7).

Suggest and explain how.
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Question 10 continues on the next page ‘
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%5 Maths Made Easy

Do not write
outside the

E Climatic change has reduced the survival rate of snowshoe hares in mountain habitats |~ %~
(lines 11-13).

Suggest and explain how.
[2 marks]
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f E] Snowshoe hares within a population moult at different times (line 15).
Explain.how t!jis could ensure the survival of snowshoe hare populations in these ‘
mountain habitats.
[4 marks]
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END OF QUESTIONS |
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