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Answer all questions in the spaces provided.

Melanin is a pigment that gives colour to fur.
Production of melanin requires an enzyme called tyrosinase.

Albino cats have a genetic mutation that causes the production of a non-functional
tyrosinase enzyme.

Albino cats have white fur.

Figure 1 shows part of the DNA base sequence for the tyrosinase gene.

Figure 1

DNA triplet number 26 27 28 29 30 31 32 33 34 35 36 37

Base sequence
of cat with coloured fur

Base sequence
of albino cat

II| Name the type of mutation in the albino cat.

Circle a possible position of the mutation in Figure 1.

[2 marks]

Deletion (frameshift)

CTC @CC TCC TCT GCT GAT GTG GAA TTT TGC CTA AGT

CTC CCT CCT CTG CTG ATG TGG AAT TTT GCC TAA GTC

Table 1 shows some DNA triplets and the amino acids they code for.

Table 1
First letter of DNA triplet
A Cc G T
AAA —lys CCA —pro GAA —glu TAA — stop
AAC —asn CCC - pro GAT —asp TCC — ser
AAT —asn CCT —pro GCC —ala TCT —ser
AGG - arg CTA -leu GCT —ala TGA - stop
AGT —ser CTC—leu GGG —gly TGC —cys
ATG — met CTG-leu GTC —val TGG —trp
ATT —ile CTT —leu GTG - val TTT — phe
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@ Figure 2 shows the amino acid sequence for the cat with coloured fur.

Determine the amino acid sequence for the albino cat.

Use information from Table 1 to complete Figure 2.

[1 mark]
Figure 2

DNA triplet number 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35| 36 | 37
Base sequence cTclcce|Tee | TCT|GCT| GAT|GTG|GAA| TTT [TGC|CTA |AGT
of cat with coloured fur
Amino acid sequence le ro| ser | ser | ala | as al [ he | cys | le ser
of cat with coloured fur uip PV gup 4 u
B

ase sequence cTc|ccT|ceT|cTG|CTG|ATG|TGG| AAT| TTT |GCC| TAA |GTC
of albino cat
Amino acid sequence
of albino cat leu | pro | pro | leu | leu | met | trp | asn | phe | ala | stop

. Explain how the mutation shown in Figure 1 would cause the tyrosinase enzyme to

be non-functional.

Frameshift, so a different sequence of amino acids (primary structure);

[3 marks]

also a premature STOP (TAA at triplet 36), so the protein is shorter

than normal.

So the bonds formed change, the tertiary structure (3D shape) changes

and the shape of the active site changes, so it is no longer

complementary to the substrate.

So tyrosine (the substrate) cannot bind to the active site and no

enzyme-substrate complexes form.

Question 1 continues on the next page
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E Some mutations are called silent mutations. box

Explain why a silent mutation does not change the function of a protein.

Use an example from Table 1 (on page 2).
[3 marks]

A silent mutation changes a base in the DNA (base sequence) but does

not change the amino acid coded for, so the primary structure (and

tertiary structure) of the protein is the same.

This is because the genetic code is degenerate: more than one triplet

codes for the same amino acid.

Example: CCA, CCC and CCT all code for pro, so a mutation changing

CCC to CCT still codes for pro.

E Mutations provide a more significant source of variation in a population of prokaryotes
than in a population of eukaryotes.

Give reasons why.
[3 marks]

Prokaryotes reproduce asexually by binary fission, so all daughter cells are

clones, genetically identical to the parent; there is no variation without

mutation.

There is no meiosis, so no crossing over or independent assortment (no

gametes or random fertilisation), so mutation is the only source of new

variation.

One chromosome, so a mutation js always expressed, not masked by a

non-mutated allele; short generation time, so a mutation spreads quickly

12

through the population.
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Cholera causes diarrhoea.

Diarrhoea can cause dehydration.

Oral rehydration solution (ORS) is used to treat dehydration.

An oral rehydration solution is made by mixing a powder with boiled water.

Table 2 shows the basic components of the powder used to make an ORS.

Table 2

Component of the Mass in Mass in sachest to
powder used to make ORS | a dm™ make 200 cm® of
an ORS g ORS /g
Sodium chloride 2.6 0.5
Potassium chloride 1.5 0.3
Sodium citrate 2.9 0.6
Glucose 13.5 2.7

II' Complete Table 2 to show:

¢ the missing component and

« the mass of the missing component in the sachet used to make 200 cm® of ORS.

@ A 1-year-old girl weighs 8.9 kg

She needs 15 cm® kg™ h™' ORS to treat dehydration caused by cholera.

She is treated for 4 hours.

Calculate how much solution she will need.

Give your answer in dm?® to 2 decimal places.

Volume = 1S x 89 x 4 = §34 em?

§34 <+ 1000 = 0.534 dm?

0.53

[2 marks]

[2 marks]

dm

Do not write
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Vaccinations protect people against serious diseases. box

|I| Which type of immunity is produced by a vaccination?
[1 mark]

Tick (v) one box.

Artificial, active \/

Artificial, passive

Natural, active

Natural, passive

The DTP vaccine protects people against the diseases diphtheria, tetanus and
pertussis.

Figure 3 shows the percentage of the population in Austria and Portugal that had the
DTP vaccine in the years 2008 to 2015.

Figure 3
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06

stemup.co.uk IB/M/Jan20/BL02


https://stemup.co.uk

@ In 2011, a person who had not had the DTP vaccine was advised to visit Portugal

E Some people think that all childhood vaccinations should be compulsory.

rather than Austria.
Suggest why.

Use the data in Figure 3 and your own knowledge.
[3 marks]

In 2011 only about 89% of people in Austria were vaccinated, which is

below the herd immunity level (96%), but 97% were vaccinated in

Portugal, which is above the herd immunity level.

If the pathogen enters a vaccinated person it is destroyed and cannot

be passed on.

So in Portugal, with most people vaccinated, it is unlikely that the

unvaccinated (susceptible) person will come into contact with an

infected person and become infected; in Austria this is more likely.

Give reasons for and reasons against this idea.
[3 marks]

For: it would ensure herd immunity is achieved, preventing the spread of

the disease in the population; it overcomes apathy or indecision of

parents (e.g. too busy); it reduces illness, deaths and costs later, and

the disease could be eradicated.

Against: some children have side effects, are allergic to the vaccine or

have a compromised immune system; it goes against religious or personal

beliefs and the right of the individual to choose; the vaccine is

expensive (especially if the disease is rare) or has limited availability.
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|I| Describe how atheromas form and cause CHD.

One feature of coronary heart disease (CHD) is the formation of atheroma.

[3 marks]
Fatty deposits (plague) of cholesterol / LDL build up in the wall of the

artery, under the endothelium (lining).

This narrows the coronary artery and restricts blood flow (and increases

the risk of a thrombosis /| blood clot).

So less oxygen and glucose reach the heart muscle cells, leading to

angina or a heart attack (myocardial infarction).

Many scientists think that a diet high in fibre reduces the risk of CHD.
In a study, the mean daily fibre intake of 500 000 people was recorded.
Over the next 9 years, the number of those people that died each year was recorded.

Figure 4 shows the relationship between the mean daily fibre intake and the annual
death rate.

The graph shows standard deviation bars.

Figure 4
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@ The scientists concluded that the more fibre a person eats, the less likely they are to

die from CHD.
Evaluate this statement.

Use information from Figure 4.
[3 marks]

Yes: there is a negative correlation; as daily fibre intake increases, the

death rate decreases (from about 1390 to 750 per 10°). The SD bars do

not overlap for the first four groups, so the differences are likely to be

significant; the sample is large (500 000), so the data are reliable.

No: correlation is not causation. The data show death rate from all

causes, not just CHD, deaths could be due to other factors, e.g.

smoking, high salt or saturated fat diet, lack of exercise. The SD bars

for the last two groups (23.7 to 28.9 g and 229 g) overlap, so are

probably not significantly different. No information on control variables,

e.g. age or gender.

Question 4 continues on the next page
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Bread is a source of fibre. box

Figure 5 shows the average mass of bread eaten per person each week in the UK
from 1974 to 2018.

Figure 5
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@ Describe the patterns shown in Figure 5.

Use data in your answer.
[3 marks]

Total bread eaten decreased overall, from about 1000 g person” week™ in

1974 to about $20 g person™ week” in 2013.

White bread also decreased, from about 860 g to 190 g person™ week.

Brown bread increased from about 70 g (1974) to a peak of about 270

g in 1986, then dropped to about 150 g by 2018, but is still lower than

white bread (except in 2013).

Brown + white does not equal the total, so other types of bread must

be eaten.

170

stemup.co.uk IB/M/Jan20/BL02


https://stemup.co.uk

11

15 students investigate the mass of fibre they obtain from their daily lunches.

Table 3 shows the fibre content of each student’s lunch.

Table 3
Student Al B|C E|F |G J M PlQ
Fibre contentof | ;1 | 5 | 14 2 [10] 5 10 10 3|6
lunch/g
E Give the modal fibre content of the students’ lunches.
[1 mark]
59
E Give the median fibre content of the students’ lunches.
[1 mark]

69

@ Recent research recommends that everyone should eat between 25 and 30 g of fibre

per day.

The students each get 18.4 g of fibre from their other meals during the day.

A student eats the median amount of fibre given in your answer to

Question 04.5.

Would this student get the recommended daily amount of fibre?

Show how you arrived at your answer.

6+ 18.9 = 24.9 g, which is less than 2S g, so No.

[1 mark]
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A farmer grows wheat. box

One year, as the wheat plants are growing, the leaves have yellow patches. The
plants are shorter than normal and produce fewer seeds.

|I| Suggest why wheat plants with yellow patches on their leaves produce fewer seeds.
[2 marks]

Yellow patches have less chlorophyll, so less light is absorbed and there

is less photosynthesis.

So less glucose (sugar) is made, so less starch, cellulose and protein are

made for growth and seeds, so biomass and yield are lower.

A group of agricultural students investigate the cause of the reduced yield of seeds.
They think the yellow patches are caused by a plant virus spread by aphids.

The students:

¢ select two fields where wheat has not been grown (fresh soil)

select two fields where wheat has been grown (used soil)

plant new wheat seeds in one 10 m?area in each of the four different fields
collect aphids from the plants with reduced yield

release the aphids onto one field with fresh soil and one field with used soil.

IZ| Suggest two factors the students should control in their investigation.
[2 marks]

1 Amount of fertiliser (and of watering)

o Same variety of wheat and same number of seeds sown

12
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Figure 6 shows the yield of wheat harvested from each 10 m? area of the
four different fields.

Figure 6
5
4
31
Yield of wheat/ |
kg per 10 m2 |
o]
1
0

Fresh Used Fresh Used
soil soil soil + soil +
aphids aphids

@ The data do not support the hypothesis that the virus is spread by aphids.
Explain why.

Use information from Figure 6.
[2 marks]

The yield with or without aphids is the same: 4.2 kg per 10 m* in

fresh soil and 2.2 kg per 10 m? in used soil, whether or not aphids

were added.

If the virus were spread by aphids, the fields with aphids would have a

lower yield. Instead the yield is reduced only in used soil (by about

50%), so the soil, not aphids, is the cause.

Question 5 continues on the next page
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E The students conclude that the reduced yield is not caused by aphids. box
Suggest a possible cause of the reduced yield.
[1 mark]
A wmineral ion (nutrient) deficiency in the used soil, e.g. a lack of
nitrate or magnesium ions.
7
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A teacher asks some students to prepare a root tip squash from a plant.

The students:

collect root tips from a plant

place the root tips in hydrochloric acid for 15 minutes

rinse the root tips in distilled water in a watch glass

cut off the end of the root tip (1 mm) and place it on a microscope slide

cover the section with toluidine blue stain and mash with a mounted needle to
separate the cells

¢ add a cover slip and squash to spread out the cells

e observe under a microscope.

The students draw some of the cells they can see with the microscope.

Figure 7 shows the drawings produced by student A and student B; these drawings
look different from each other.

Figure 7
A B
. ' 2
/| @ \/ R
i =~ \
P |
\ — i -
/ 2 e [ B

|I| The teacher states that student B has not prepared the slide correctly.

Suggest how the teacher knows from the drawings in Figure 7 that student B has not
prepared the slide correctly.
[1 mark]

No cells are in mitosis: no chromosomes or chromatids are visible, all

the cells are in interphase (only intact nuclei), and the cells are

elongated, not square.

Question 6 continues on the next page
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@ Give a possible explanation about what student B has done wrong. box
[2 marks]

The cells were taken from too far back from the root tip (or the wrong

end of the root tip was cut off).

Therefore the cells are not from the meristem (zone of cell division).

Another student draws one of the cells visible under the microscope.
Figure 8 shows the student’s drawing.

Figure 8

E Name the stage of mitosis shown in the drawing.

[1 mark]

Anaphase

16
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E At the start of mitosis, chromosomes become visible and the nuclear membrane box
disintegrates.

Describe what happens after this to allow the chromatids to reach the position shown
in Figure 8.

[3 marks]

The chromosomes line up on the equator of the spindle (centre of the

cell) during metaphase.

Each chromosome is attached to the spindle fibres by its centromere.

The centromeres divide and the spindle fibres contract (shorten) and

pull the sister chromatids apart to opposite sides (poles) of the cell.

El A student calculates the mitotic index of the tissue as 4.7%
The student counts a total of 236 cells.
Calculate how many cells were in mitosis.

Give your answer to the nearest whole number.
[2 marks]

Cells in mitosis = 236 x 4.7 = 100

= 11.092

Number of cells in mitosis = N 9

Turn over »
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Stress can increase heart rate.

Doctors want to know if stress causes a greater increase in heart rate in people with
high blood glucose levels than in people with normal blood glucose levels.

A group of young men are involved in a medical trial.

Before starting the medical trial, all the men are asked to walk up and down a set of
stairs.

Anyone with a heart rate above 150 bpm is excluded from the medical trial.

Suggest a reason why.
[1 mark]

They may not be healthy / may have a heart condition (e.g. high blood

pressure), so the trial could be dangerous, e.g. cause a heart attack.

The young men are split into two groups of 12.
Each man in Group 1 is given a drink containing 1 g of sucrose per kg body mass.

Each man in Group 2 is given the same drink containing 1 g of sucralose per kg body
mass instead of sucrose.

None of the men know which drink they have.

Sucralose is a substance with a similar structure to sucrose.

Describe how drinking sucrose raises blood glucose levels.
[3 marks]

Sucrose is hydrolysed (digested) by the enzyme sucrase (a

disaccharidase) into glucose and fructose.

This happens in the small intestine (ileum), on the membrane of the

epithelial cells.

The glucose is absorbed into the blood via the villi and wicrovilli of the

small intestine by co-transport with sodium ions (active transport) and

facilitated diffusion.

1 8

stemup.co.uk IB/M/Jan20/BL02

Do not write
outside the
box


https://stemup.co.uk

19

Do not write
Figure 9 shows the structural formulae of sucrose and sucralose. Om}igi e
Figure 9
CH,0OH CH,OH
H o H  (ON cl o H L w
ORH H HO DR H H HO
OH O e/ CH,OH H O _\/leCl
H OH OH H H OH OH H
Sucrose Sucralose
El Explain why sucralose does not increase blood glucose levels.
Use information from Figure 9.
[3 marks]

Sucralose has Cl atoms in place of some OH groups, so it is not a
complementary shape to the active site of sucrase; it cannot bind to

the active site and no enzyme-substrate complex forms.
So sucralose is not hydrolysed (digested) and is not broken down.

Sucralose contains no glucose monomer, so it would not alter the blood
glucose concentration.

E Sucralose is used as an artificial sweetener in food and drinks.

Suggest why the men in Group 2 have a drink sweetened with sucralose rather than

just drinking water.
[1 mark]

It acts as a placebo: the men do not know if they have been given

sugar or not, so any effects are due to the sucrose and not just to

having a sweet drink.

Question 7 continues on the next page
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E Compare how the mean heart rates of the men in the two different groups were

In the medical trial, the men’s heart rates are measured at rest.

The men’s heart rates are then measured straight after a stressful event and again
after a 30-minute recovery.

The measurements are repeated after a second stressful event and after another
30-minute recovery.

Figure 10 shows the results.

Figure 10

80

75

70 Key
hMeeai? i i i EEEE ! - [] Group 1
rate/ 821 v T ! B (sucrose)
bpm | : 1 ! | M Group 2

601+ u (sucralose)

551 N EEN G :

Resting Stress  Recovery  Stress Recovery_
1 1 2 2

affected by the stressful events.
[3 marks]

Similarities: in both groups stress increases the mean heart rate, which

then falls in the recovery phase; the increase is less after stress 2 than

after stress | in both groups.

Differences: the mean heart rate increases more in group | (63 to 78

bpm, +1S) than in group 2 (64 to 73 bpm, +4).

In group 2 heart rate returns to the resting level (64 bpm) after

recovery 2, but group | stays above its resting level (70 bpm) and

remains higher than group 2 during recovery.
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@ People with untreated Type 2 diabetes have high blood glucose levels.

Based on the trial, a student thinks that the heart rates of people with Type 2 diabetes
would be more affected by stress than the heart rates of people without Type 2

diabetes.

Evaluate the student’s statement.
[3 marks]

Yes: in the trial, stress increased heart rate more in the men with high

blood sugar (group 1), and their heart rate did not return to resting

within the recovery time.

No: the trial was only on young men, not women or older people, and it

is unknown if any of the men had diabetes. There are no statistics or

error bars, so we do not know if the differences are significant. It was

only one trial with a small sample (12 per group), and the stress may

not be the same as real-life stress. Other variables that affect heart

rate, e.g. caffeine, were not controlled.

14
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Multicellular organisms like plants and animals need specialised transport systems to box
move fluids around their bodies.

|I| Describe how water moves from the soil into the xylem of a plant root.
[5 marks]

Water moves from the soil into the root hair cells by osmosis, from a

higher water potential in the soil to a lower water potential in the cell

(down a water potential gradient).

Water crosses the cortex to the endodermis by the apoplastic pathway,

along the (cellulose) cell walls, and by the symplastic pathway, through

the cytoplasm and plasmodesmata (and the vacuolar pathway).

At the endodermis the waterproof Casparian strip (suberin) blocks the

apoplastic pathway and forces all the water into the cytoplasm

(symplastic pathway).

The endodermal cells actively transport salts (mineral jons) into the

xylem, lowering the water potential in the xylem, so water enters the

xylem by osmosis (root pressure).

Transpiration (evaporation from the leaves) also reduces the hydrostatic

pressure jn the xylem, so water is drawn into the xylem by

cohesion-tension.

2 2
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@ Describe how blood is moved from the left ventricle of the heart to the body and back
to the heart.

[5 marks]

The left ventricle contracts (ventricular systole), increasing the pressure

in the ventricle.

The higher pressure shuts the atrioventricular (bicuspid) valve, preventing

backflow into the atrium, and forces the semilunar valve open.

Blood leaves the heart through the aorta to the body under high

pressure.

Blood travels in arteries, then arterioles, to the capillaries, then into

venules and veins.

Valves in the veins prevent backflow, and contraction of skeletal muscles

squeezes the veins to push blood along.

Blood drains into the vena cava and enters the right atrium of the

heart.
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