Higher Biology Question Paper 2019 Candidate Evidence

Candidate 1 evidence

Total marks — 95
Attempt ALL questions

- Questions 3 and 16 contain a choice.

1. The diagram shows the replication of DNA in a chromosome from a eukaryotic
«cell. The arrows show the directions of replication.

brotein X

(a) Name proteinX. - 1
Eone S
. {b) Explain why primers are necessary for DNA replication. 1
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© (1')_ Explain why.only the leading strand can be replicated.continuously. 1
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(i) Name the enzyme that joins fragments together in the lagging
strand. : '

Ugose.
Q
- (d) - Describe how DNA is organised in prokaryotes. 2
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2. Three different mutated bacteria, X, Y and 7 were studied. Each had a
mutation in a different region of its DNA that is transcribed to rRNA.

Protein synthesis was measured in cultures of each mutated bactéria and in a
culture of unmutated bacteria.

The results are shown in the table.

Bacterial culture Protein synthesisk(%)
Unmutated 100
X 9
Y 15
Z 90

(@) Calculate the simplest whole number ratio of percentage protein
synthesis in cultures X, Y and Z. _ 1

Space for calculation

4 15 =Te)

2 : S : 30

(b) Name the other component of ribosomes, apart from rRNA. 1

DTN,
AY

() Using your knowledge of biology, suggest how a change in the sequence
of bases in DNA transcribed to rRNA in the mutated cultures resulted in a
decrease in protein synthesis. 2
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(d) Describe one structural difference between DNA and rRNA. 1
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3. Attembt either A or B. Write your answer in the space below.

A . Write an account of ATP synthesis in the electron transport chain during
_cellular respiration. : 4

OR
‘B . Write an account of competitive and feedback inhibition of enzymes. 4
~ You may use labelled diagrams where appropriate.
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4. Myoglebin and haemoglobin are oxygen-binding proteins in mammals. The
myoglobin molecule is a single globin polypeptide. The haemoglobin
molecule is composed of both alpha globin and beta globin polypeptides.

(@) Myoglobin consists of a chain of 154 amino acids folded in a specific
three-dimensional shape.

(i Name a bond that holds the polypeptide chain in this shape. o1

(i) The gene for myoglobin contains 1154 bases while its mature mRNA
transcript contains 462 bases.

Give a reason for this difference.

_ : N
@l ‘So\'\o'w\q Wog petwed,, fne inkOnS [nm—comv\q\eq\m%

0%0&1
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(b) The genes for myoglobin and haemoglobin have evolved from a single
ancestral globin gene as shown in the diagram.

ancestral globin
gene

alpha globin beta globin mybglobin
gene gene gene

l l !

alpha globin  beta globin myoglobin
haeinoglobin
In the genome of mammals there are mu1t1ple copies of alpha and beta
globin genes.

({1 The multiple copies of alpha and beta globin genes are the result
of duplication mutations.

Describe how a duplication mutation occurs. 1

—

Rove & ‘e Qere. S copet Audee dUie kD

O a0 fvenk o ORCeeoh

(i) Explain the importance of duplication mutations in evolution. 2
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5. The Galapago's are a group of islands 600 to 800 miles off the coast of South
America. Less than three million years ago some finches of a single ancestral
species redched these islands from South America and bred successfully.

The number of islands has increased over time, further isolating groups of

finches.

(@) Use this information to name the type of isolation barrier involved in the

speciation-of these finches and explain its role.

Name : Seoagopcar
o O

Explanation mwﬁgm_%@gmﬂu_

wihoveth Oneh hour eunes (e ollgrecs Species Ay

e 4D e

OISR SerrGeen RN

{b) The table shows the estimated number of istands and finch species in the
Galapagos over the last 2-8 million years.

Estimated number of

_ Time Estimated number of
(millions of years ago) islands in'the group finch species present
2:8 . 4 0
1-0 6 5
-0-5 18 9
0-0- 18 14

(i) Calculate the average increase in the number of finch species per
million years over this entire period.

* Space for calculation

o)

species per million years
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5. (b) (continued)

(i Suggest what could have caused the changeé in thé riumber of finch
species over the last-0-5 million years. 1

An Oo/OOGerns PALUCUSON, QU has. oees
el e TS

(© A molecular clock was used to estimate the dates of the divergence of
each species.

Give one example of the type of data required to generate a mélecular
clock. 1

Q\IM\ogemaﬁc,\:.

= e

[Turn-over
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6. Cystic fibrosis in humans_ is caused by mutations in a gene that reduces
chloride transport across the cell membrane.

An-investigation was carried out to determine the effectiveness of two drugs,
P and Q, onimproving chloride transport in individuals with cystic fibrosis.
Individuals with different mutatmns, A, B, and both A and B, were treated as
fo!lows

* No drugs

+ Drug P alone
-+ . Drug Q atone

» Drug P and drug Q. combined |

" Chloride transport across cell membranes was measured and compared to the
chloride transport in a control group with no mutations in the gene.

The results are shown in the graph.

A :
g 60 Treatment
‘g’ {1 nodrugs
S 50 @ drug P
- 1 drugQ
T 40 B drugsP+Q
S
E 30
3
© 20
=]
i amy
&)
e 10
[¢]
g
(o] o == -
both A+ B
mutation
(8) Statethe pu'rpose of including a control group in this investigation. 1
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6. (continued)
(b) Identify the treatment and mutation for which the drug(s) had no effect. 2

Treatment P

Mutation ___ ®

(c) State how the graph shows that each treatment was carried out on -more
than one individual with each mutation. 1

P a»cfc%e A0S YOI Qof Xne cnbnde Wimsomt

(d) State the term used to describe the selection of drugs to treat individuals
based on their genomic ségquence, 1

[Turn over
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7. The genome of all organisms contains both protein coding genes and
non-coding DNA. The size of the genome varies between different species.

The table shows the size of the genome and the number of protein coding
genes in several different organisms.

) N Size of genome Number of protein-

Organism {base pairs) coding genes
Cyeast | 1-2x107 6600
Eukaryotes fruit fly 1-4 x 108 : 14000
- human 3.2x10° 21000
. V. cholera 4.0 x 108 3900

Prokaryotes -

_E. coli 4-6 x 10° 4200

(&) (@ Using information from the table, compare the size of genomes of
.-eukaryotes and prokaryotes. 1

.32 6 0otocnt ‘ ];_\ WO .;L,(MS \nonve O 05
- &b enooo

Qofnered, &0  OIOOUOKES

(i) . Calculate how many times greater the human gencme is compared
- to the V. cholera genome. |

" | Space for calculation
2. 25007

.o =<1\0®

v
%x\O  times greater

o (iﬁ)’ Th_e' prokaryote M. tuberculosis has a genome size of 4:4 x 10° base

-pairs. -
- Predict the number of protein coding genes in M. fuberculosis. 1
A100

4L.0 ‘SO\GO%SL_’

24- %umo
-2
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!
"
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7. (continued)

(b) Protein coding genes are used to produce mRNA, which is translated into
protein,

The bar graph shows the percentage of the genome that codes for
protein in four of the organisms shown in the table.

100

90 - —
80 1= IR
70 ‘
60
50
40
30
20
10

0

REINERNRNI

percentage of genome coding for protein

fruitfly vyeast E.coli V. cholera
organism

Use the information in the table and the graph to calculate the size of
the genome coding for protein in a fruit fly,

Space for calculation 13

14000 \DB
TEZ base pairs

(¢) Give one role of the non-coding DNA in the genome.

e 1S twoaovank v Ava Wenfenenene o mRNA

08 1+ s pesensing Ane. QU0 nRINR snseapts

(d) In eukaryotes, alternative RNA splicing occurs,

Explain how this results in different proteins being expressed from a
single gene.

- Do exers S?\;CCe,‘tés)E\\\ex A0 Q0N &
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8. The ‘bécteﬁum ‘E.coli was culiured in a growth medium containing
0-6 mM glucdse and 0-6 mM lactose for 180 minutes. Glucose and lactose
concentrations were measured every 20 minutes.

The results are shown in the table.

‘Time . Glucose concentration | Lactose concentration
(minutes) (mM) (mM)
-0 0-60 0-60
20 0-50 0-60
40 0-38 0-60
. 60. 0-09 0-60
80 | . 000 0-55
100 0-00 0-44
1200 0 | 0-00 0-32
140 ' 0-00 0-15
160" - |- 000 0-04
180 0-00 0-00

(a) Using values from the table, describe changes in the concentration of
lactose over the 180 minutes of the experiment.

o O oivunes A8 Ly v inuaes ﬁv#iﬁez;%&\ - =
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8. (continued)

(b) E.coli breaks down lactose using the enzyme beta-galactosidase as
shown.

beta-galactosidase
lactose > glucose + galactose

Beta-galactosidase is produced by E.coli only when lactose is present and
glucose is absent.

() Using information from the table, identify the time when E.coli

started producing beta-galactosidase. 1

_ %@ minutes

(if) Suggest a benefit to E.coli of producing beta-galactosidase only
when lactose is present. 1

W@@WMM& —prevenins Suoved, Of
oA Qe ackeS idase T exendull Sniivtnte &

(© In terms of activation energy, state how enzymes increase the rates of
reactions in living cells. 1

Erouoes  \quser Ane. Oosvaion Snercny
tequiro® O SOk e YemoRon. SO 6 1S
Easter Cor AR temine- o Q:;e%ivx Shslaars
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9. Respirétiqn is a cellular process that produces ATP. The first stage in this
process.is glycolysis. Some steps of glycolysis are shown in the diagram.

Glucose

ATP
ADP ; Y Step 1

A4
Intermediates

; ) Step 2

V

"ADP NAD
ATP & > NADH

Pyruvate

(@) State the exact location of glycolysis. 1

(©) (D). Describe the role of ATP in Step 1. 1

"4@5\&@&3 SN Corthe  reolwiov

Gi) : Explain 'hoyv glycolysis results in a net gain of ATP. 1

—pNce. BT Ok puodbsced Anpn_Cre

_@ouoneh .

(i) ‘Describe the role of dehydrogenase enzymes in the conversion of
inte'rmediates to pyruvate. 2

%\‘M/i \I\MO\ICﬂe"\ O O e OO
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9. (continued)

() When fermentation occurs in animal cells, pyruvate is converted to
lactate as shown.

pyruvate + NADH —-———> lactate + NAD

(i) State the conditions required for fermentation. 1

NO CDXM%&/\ (\D\ES-E-’,M-’C-

(i) Using all the inforrmation given, suggest why the conversion of
pyruvate to lactate is required for glycolysis to continue. 1

— Xre A CIIA Cue. feg ves Origee €

QD(OM .

[Turn over
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10. The fungus- Aspergillus niger (A.niger) is used to produce citric acid in
fermenters using-sugars as substrates.

Citric acid is an intermediate in a metabolic pathway as shown.

aconitase
it enzyme .
sugars ———> intermediates y CILTIC > isocitrate

enzymes enzymes

acid

(@) The aconitase enzyme requires iron to function.

Explain why the growth medium used to produce citric acid should not
contain iron. ’ 1

-~ weafie N\ee it O LW N\eo

\:&g.reeﬂmed\ ok e Ahe WA e o prectuen®
Of socivase .
(b) The optimum temperature for citric acid production by A.niger is 30°C.

Explain why less citric acid would. be produced if the temperature in the
fermenter was reduced. Al

_ Em:qméa L wese Qe Aheil opKvviem
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10. (continued)

(¢) A.niger was grown in a fermenter over an 8 day period and the pH was
measured every 2 days. The resulis are shown in the graph.

6 ke
pH 5 Emer
* i \
3 .
0 2 4 6 8
time (days)
(i) Predict the pH at 10 days. 1
3.4

(i) Suggest a reason for the change in the pH observed. 1

~ e ceen a%rmne@ m\‘c(mggo&\sm? LAY O3 )

(i) State a variable, other than temperature or pH, that should be
monitored and controlied in this process. 1

Coin QUORAL. o e e~

(iv) Explain why it was necessary 1o sterilise the fermenter before
A.niger was added. 2

O pla=S 2R S CONKO~ oSO Lnilin. CORIR
Gusec tne. Bnal prerbiscic O Nre venvosion

Py Qrcorsa; e
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11. Djungarian hamsters (Phodopus sungorus) are small mammals with high
metabolic rates. Under certain conditions they will enter torpor.

An experiment was carried out to investigate the effect of daily food intake
on torpor frequency. Four groups of six hamsters were fed different masses of
food each day and the number of times they entered torpor in one week was

recorded.

The results are shown in the table.

Mass of food Average torpor frequency
Group eaten each day (number of times entering
{2) torpor in the week)
1 2:5 42
2 3-0 25
3 35 15
4 4-0 7

(a) State an advantage to the hamsters of entering torpor.

e Con. CONRRNR. enerfiy

(b) Suggest a measurement that could have been taken to determine

whether the hamsters had entered torpor.

— MQMMh% G (O O & Reart Yoxe

O E LINEA L ASTROT

(c) The average time spent in each period of torpor was 120 minutes.

Calculate the average time spent in torpor per day by a hamster with a
daily food intake of 2-5¢.

Space for calculation

_b_ minutes
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1.

{continued)

(d) State how the design. of the experiment ensured that the results were
reliable.

£

&;, oo CoomS atben |
(&) Suggest a factor, other than daily food intake, which could affect torpor
frequency. 1

\Pj\&k\« GQ\- sy

(f Daily torpor is a way in which animals survive adverse conditions.
Give one way in which animals avoid adverse conditions. 1

. Ao e taleRs
U

[Turn over
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12. Aninvestigation was carried out into the effect of increasing time of exposure
to UV light on the survival of wild type {WT) and mutant (M) yeast cells.

Each type of yeast cell was grown in separate liquid media at 30°C for
24 hours, diluted and plated onto separate agar plates. They were then
exposed to a UV light source for between 0 and 30 seconds in a darkened
room.

The plates were incubated for four days at 20°C and the number of yeast
colonies that had grown was counted, Each colony grew from a single cell.

The results are shown in the {able.

Time of e*posure: Number of yeast colonies

to UV light .

{seconds) wT M
o 360 , 400
5 210 120
10 20 25
15 45 10
20 20 0
30 10 , 0

(@ () State anindependent variable in this experiment. 1

H0Ne 00 exchrue o UV QWA

(ii) Suggest why exposure to UV light was carried out in a darkened

room. S 1

. oA
) enSue Vo HLo0S dne UW Qe Y oLE
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12. (continued)

(b} On the grid, draw a line graph -using thé résults in thé table for both
WT yeast and M veast.
(Additional graph paper, if required, can be found on page 37)

-~

{i

%

A Y

wo %

Wby o6 Cueast Coltnge,
k)

50 =+ N

el = Y

@ 1
o § e Vs 20 28 BO

Twne Of exposuie.vo Wy Ligve (seconame

(c) Draw one conclusion from the results of this investigation.

AR e He R exposere Y0 W Ulhw inCedied, , the

Number OF Uease Co\omes in bk WL 0no M decreniges

(d) Sunscreen lotions can protect cells from UV damage.
Suggest how the investigation could be modified to test the effectiveress

of a sunscreen lotion using M yeast as model cells.
one WV\

T ORRW__durBreen \oson A0 TN yeose. “oner

Commpere e Numloer g etk COOANeS I eeey

W\emj [cccmEon. Y ANV \J\%\uo
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13. Apples and plums are grown in North America as food crops. Brown stink
bugs (Halyomorpha halys) feed on apples and plums reducing fruit yield.
Insecticides are often sprayed onto fruit crops to help control these pests.

(a) State how the use of insécticides can be harmful to the environment. 1

\c con aouuse \QQQWD%V\J\@\Q&X\'% FHal con

[TeeNe Lp Poruoetn .’(\"(@)\ZQ Ve RAR O
Q@Q:GLO)’\OL'(V\ .

(b) Wheel bugs (Arilus cristatus) are a species of insect native to North
America that prey on many different insects, including brown stink bugs.
Wheel bugs are used alorig with insecticides to reduce the number of
brown stink bugs.

(i) Explain why this method of control would require the use of less
insecticide. 1

B \o\o\m\m& ConB Vol \oeon WRTCCKE e
il 2 gen WL DRNE i SN
G (R

M@q\ch fasg¥ (e B
AT epusle XS PEPUALA OV 2o (o35 TP-SOLACAR 5 TR FECN

(i) Name the method of control that involves using both insecticides
and wheel bugs. 1

[Ual keg(ez.b@k PeSy Conerol

(©) If brown stink bugs spread to the UK, introducing the nen-native wheel
bugs from North America could be used as a method of control. If this
method of control was used, wheel bugs could become an invasive
species. ‘

(i} Describe evidence that could suggest the wheel bugs had become
an invasive species. 2

Hrew, Sgecox topidiing
“Mew, ewaee e Gmbnk Of Ouive.

Jpecies.

(i) Give one reason why invasive species are more successful in their
new hab1tat ‘\"‘W"'@‘e"- ‘ 1

Brey ook Nove s AT ek WOy O
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14. Atick is a small invertebrate. Some ticks carry the bacteria Borrelia burgdorferi
(B.burgdorferi ) in their gut after biting infected animals. If these ticks bite

humans to feed on blocd, the bacteria may enter the human bloodstream
and cause Lyme disease.

(a) Use the information given to suggest why ticks can be described as
® vectors

1
f\'we,u\ C&wu\ e vooes . Bocemo \D\)J%o,\@%n
R ore 0PI 1o (Onlver

(i) parasites. 1

e Wtk ‘serne S &?\m X, Q@reéxﬁb
O

relAShie (AMnen e g 19 NOSMNeo..
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14. (continued)

(b) The tables show the average global temperatures between 1981 and
2010, and the number of cases of Lyme disease in the UK between 1999

and 2009.
Table 1 Table 2
' Average global Number of cases of
Year temperature (°C) Year Lyme disease in the UK
1981-1990 1412 1999 200
1991-2000 | 1426 - 2004 515
2001-2010 14-47 2009 870

(i) Calculate the percentage increase in cases of Lyme disease in the
UK between 1999 and 2009. 1

Space for calculation

23S %

(i) It was concluded from the infoermation in Table 1 and Table 2 that
the increase in the number of cases of Lyme disease in the UK was
caused by an increase in temperature.

Suggest why this conclusion may not be valid. 1

~ e s e Q\éo.t‘\v\mw

OAUA G g0ont @ng eventvOagn Mg Yemp WvCoeae.
LD ogreic ORriue-en \c‘ou -2000 owor zoen ke 200D
() Two methods used to reduce the number of cases of Lyme disease in
humans were suggested.

Method 1 Use pesticide to kil ticks
Method 2 Treat infected animals with antibiotics

Explain how each method could reduce the number of cases of Lyme
disease in humans. 2

Method 1_— N Se BONS AO0UROL S
Cumarve X
Wlet, seres LV, 'S@M:- CE Qeopie being Vo PN Oro. Cougetri=
o Crisecse.

Method 2 _—Xhewe «oouaeh 00 less DMleted odvious

weow\,q ot Numinal Dous ot K0RA O B3 Ws@ety b o
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el e AreaSR
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15.

White-faced capuchin monkeys (Cebus capucinus) are primates that live in

large social groups in tree tops in South America. Their predators include

humans, birds of prey and snakes.

If a capuchin sees a predator it gives an alarm call to warn others in the
group. Capuchins give a different alarm call for each predator they encounter.

Scientists recorded these alarm calls from adult monkeys.

The results are shown in the table.

Percentage of Percentage of
Predator Total number encounters encounters when
of .encounters when only one more than one
monkey called monkey called
Birds of prey 155 60 40
- Humans 12 67 33
Snakes 65 15 85

@
one monkey called.

Space for calculation

O

(i) Calculate the number of encounters with birds of prey when only

_R3

(i} Using the information given, suggest why the highest. number of
encounters were with birds of prey.

PDSQ/ A2 ot S

o —— = |._11;- :\_5

e

Lo e PAONEEs oh Noe eeely, S

(b) Explain why giving alarm calls can be described-as altruistic behaviour.

AN sRnecoCe 15 Un@e AGEn eentunCus
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15. (continued)

©)

(d)

Primates, such as capuchin monkeys, have a long period of parental care.
Explain why the scientists only recorded:the calls from adult monkeys. (

Aokt monteys e Cmes w0, (0 toeic oug s e

%ﬁ.{_ wiu@;m %pha CUom CousS SO oeseta ey pmj

Primates often form alliances with others and carry out appeasement
behaviour within their group.

State the advantages of these behaviours. 2

Forming alliances _~ PA Ywembes wcelve Mmoc QICEECA TN |

S eosier o Bvnoleumnoe . eolier O GOkt

Appeasement __— texlesceS (OnLuCke . wa@ormv\% i3

__LQ@M«% e A ACurs | CavPieol el W oraler +O

Pearute fervCn A Qo~PulK.

[Turn over for next question
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16. Attempt either A or B. Write your answer in the space below and on pages 29
and 30.
A Write notes on photosynthesis.undér the following headings.
(i) Use of energy absorbed by photosynthetic pigments 3
(i) Carbon fixation 4

OR

B  Write notes on the effects of the following on bicdiversity.
(i) The bottleneck effect 2

(i) Habitat fragmentation and habitat corridors 5

You may use labelled diagrams where.appropriate.
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SPACE FOR ANSWERS
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