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(1 mark for three correct answers)
(2 marks for six correct answers)
2



(b)     reduced NAD / NADH / NADH2;
reduced FAD / FADH / FADH2;
ATP;
3
[5]
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M2.          (i)      excessive use of fertilisers;
run-off / leaching;
2 max
(ii)      1. growth of algae / plants stimulated / increased;
2. death of algae / plants;
3. more bacteria / decomposers / decomposition;
4. respiration;
5. decomposers / bacteria remove oxygen;
6. animals die (because of lack of oxygen);
5 max
[7]





M3.          (a)     (i)      ammonia / ammonium ions / compound;
1
(ii)     glucose;
1
(b)     final acceptor for hydrogen:
to form water;
2



(c)     glycolysis can continue;
NAD can accept more hydrogen;
2



(d)     secondary / tertiary structure;
produces particular shape of active site;
or
(shape of) active site;
complementary to shape of substrate;
2



(e)     sodium ions / non-competitive inhibitor binds to enzyme
at a site other than active site;
resulting in change of shape of active site / no longer complementary;
substrate can no longer bind with the enzyme / enzyme-substrate
complexes no longer formed;
3
[11]





M4.          (a)     transmission / reflected / misses chlorophyll / chloroplasts / wrong wavelength;
1
(b)     (larger area) to absorb light;
(larger surface area) to absorb carbon dioxide;
short diffusion pathway for gases / oxygen / CO2;
light able to penetrate to all cells;
2 max



(c)     effect;
detail;
effect on photosynthesis;
some effects are less light / light absorbed by water
different wavelength of light
temperature
availability of carbon dioxide
availability of water
(more than one effect award 1 mark only)
3
[6]





M5.          (a)     zooplankton nearer surface at night;
algae only found at surface;
photosynthetic;
no / little light below 30 / 40m;
3



(b)     (i)      with increasing time predators have been present in the lake, the
greater the depth at which the zooplankton occur during the day;
1
(ii)     variation in migration behaviour;
vertical migration reduces chance of predation / prey can’t be seen in
low light intensity;
those that migrated more likely to reproduce;
genes / alleles (for behaviour) passed to next generation;
increase in frequency of gene / allele in population;
3 max
[7]
 




 



M6.          (a)     lactate / lactic acid / pyruvate; ATP;
2
(b)     (i)      energy demand is very high / high respiration rate;
unable to supply enough oxygen to muscles / tissues / cells / 
insufficient time for oxygen to reach muscles / tissues / cells / 
insufficient oxygen in muscles / tissues / cells;
2
(ii)     break down with oxygen / oxidise lactate into pyruvate / glucose / glycogen / CO2 + water;
by aerobic respiration;
2
[6]





M7.          (a)     It is a measure of the concentration of a gas
(in a mixture of gases or a liquid);
1
(b)     37-38%
Accept 36 – 39



(c)     muscle contraction causes increased respiration;
increased CO2 production lowering blood pH / lactate released
lowering blood pH;
increased heat released therefore increased temperature;
increased O2 consumption lowering tissue PO2;
4



(d)     haemoglobin has a lower affinity for oxygen;
more O2 for respiration;
2
(e)     3.4 times = 2 marks
(incorrect answer in which candidate shows amount of oxygen removed at rest is 4.6 and amount removed during exercise is 15.8 = 1 mark)
2



(f)      Nearly all O2 is transported by haemoglobin / v. little transported in plasma;
EITHER
Haemoglobin is (nearly) fully saturated with O2 at the alveoli both at
rest and when exercising;
Therefore no (very little) further increase is possible;
OR
Haemoglobin is only 95% saturated with oxygen at the alveoli;
Therefore enriching inspired / air with oxygen will raise this to 100%;
3



(g)     increased depth / rate / pulmonary ventilation;
increase stroke volume / heart rate / Q increases blood flow rate;
arterioles [Accept artery] supplying the muscles
dilate / vasodilation / greater proportion of blood flow to the muscles;
max 3
[15]





M8.          (a)     Samples collected at random;
Method for choosing random sites – random
coordinates / position from tables / calculator / other suitable
means;
Other named factor constant e.g.:
Same size of net / same width of opening of net / use of one
quadrat / Quadrats of same size / of stated size / same area
disturbed / collect each 
Sample for same time;
3



(b)     Caenidae in deep water – because highest standard
deviation / ‘S.D.= 7.92’
1



(c)     (i)      An organism’s role / in the ecosystem / community;
[ALLOW refs. To trophic levels / named]
(IGNORE refs. To habitat)
1



(ii)     Caenidae found mainly in deep water AND Baetidae in
shallow water / one family mainly in deep water AND the
other in shallow water;
1



(iii)     Reduces competition for named factor – e.g. food / shelter / O2 ;
To ensure both types survive / otherwise better adapted 
type displaces other type;
OR
Ref. to ‘Competitive exclusion principle’ = 2 marks
max 2
[8]





M9.          (a)     Excitation of chlorophyll molecule / electrons / energy of (pairs of)
electrons raised to higher energy level;
Electron(s) emitted from chlorophyll molecule;
Electron(s) to electron transport chain;
Loss of energy by electron(s) along electron transport chain;
Energy lost by electron(s) is used to synthesise ATP;
From ADP + Pi;
“By electrons” need not be stated in each marking point if it can be reasonably inferred that the candidate is referring to electrons
max 5



(b)     Little green light reaches bottom as absorbed by surface dwellers / water;
Red and blue not absorbed and so penetrate;
Variation in pigments of sediment dwellers;
Bacteria with chlorophyll at an advantage as chlorophyll absorbs red and blue;
(Survive to) reproduce in greater numbers and pass on advantageous 
alleles / genes in greater numbers / increase in frequency of advantageous
alleles in subsequent generations;
Increase in frequency / numbers of bacteria with chlorophyll;
6
[11]





M10.          (a)     (variation in) temperature will affect the solubility of oxygen / rate of respiration / use of oxygen by cells / diffusion / gas exchange;
to gain credit point made must concern oxygen
1



(b)     (i)      there is no difference between the partial pressure of oxygen in the two groups / the partial pressure of oxygen is the same in each group;
1
(ii)     results may have been due to chance and statistical test allows us to determine the probability of this / of the difference between results 
being significant;
enables acceptance or rejection of null hypothesis;
The key points here are chance and probability used in the correct context.
2



(c)     A;
because partial pressure of oxygen only reduced when zinc in water / in Y / because when injected zinc / in X has no effect on partial pressure of oxygen in blood;
2



(d)     less oxygen transport to cells / in fish / in blood; 
anaerobic respiration;
lactic acid produced / less carbon dioxide removed (from gills);
more H+;
3 max



(e)     (i)      copper;
calculation based on comparing concentration in woodlice with that in leaves;
accept any suitable method here, giving marks for the method and explanation. For example, calculating ratio of concentration in woodlice to concentration in leaves.
2



(ii)     not absorbed from gut / passes out in faeces / egested / urine / excreted;
1
(iii)     woodlice eat large amount of leaves;
copper stored / accumulates in body;
2



(f)      (i)      mutation;
1
(ii)     (as a component of) nucleic acids / DNA / RNA / nucleotides;
phospholipids; 
ATP / ADP;
2 max
(iii)     arsenic-tolerant plants would not be able to take up phosphates / take up a little phosphate;
since likely to involve same mechanism / same carrier / protein; 
(process of ) growth would be poorer than non-tolerant plants;
3
[20]





M11.(a)     Shows trend of mean temperature rise;
Higher temperatures more frequent since 1984 (in January and February);
Considerable variation in temperature from year to year;
Which may be due to chance;
No mark for yes or no Do not penalise candidates who state there is no trend
2 max



(b)     Construct null nypothesis;
Use Spearman rank (and calculate test statistic);
Look up in table (to find critical value of P = 0.05 / 5 %);
Use figure (in table) to accept or reject null hypothesis;
3 max



(c)     (i)      (Particular daylength) always occurs at same time of year / valid example;
Birds do not start laying eggs when period of warm weather occurs early in year;
Synchronises breeding behaviour;
Sufficient foraging time for food collection for young;
2 max



(ii)     Birds able to respond to changing climate;
Food availability (mainly) determined by temperature;
As insect / invertebrate development temperature-dependent;
2 max



(d)     A correlation does not indicate a causal relationship;
As may be due to another factor / named factor;
2



(e)     Visits could be up to 5 days apart;
Date of egg-laying may be inaccurate by 5+ days;
2
[13]





M12.          (a)     1.      High concentration of carbon dioxide linked with night / darkness;
Accept: converse of low in day
2.      No photosynthesis in dark / night / light required for photosynthesis / light-dependent reaction;
Ignore references to rate of photosynthesis in day / night
Accept day = light
3.      (In dark) plants (and other organisms) respire;
Must be a reference to plants or all organisms
4.      In light net uptake of carbon dioxide by plants / plants use more carbon dioxide than they produce / rate of photosynthesis greater
than rate of respiration;
Do not allow converse for this point
Accept description of compensation point
5.      Decrease in carbon dioxide concentration with height;
Accept: converse of increase closer to ground
6.      At ground level fewer leaves / less photosynthesising
tissue / more animals / less light;
5 max



(b)     1.      Carbon dioxide combines with ribulose bisphosphate / RuBP;
2.      To produce two molecules of glycerate 3-phosphate / GP;
3.      Reduced to triose phosphate / TP;
4.      Requires reduced NADP;
5.      Energy from ATP;
This mark scheme is based on specification content. Accept alternate names such as NADPH
Credit relevant diagrams
Accept: description of ‘reduced’
5



[10]





M13.          (a)     1.      Saprobionts / saprophytes;
2.      Digest / break down proteins / DNA / nitrogen-containing substances;
3.      Extracellular digestion / release of enzymes;
4.      Ammonia / ammonium produced;
5.      Ammonia converted to nitrite to nitrate / ammonia to nitrate;
6.      Nitrifying (bacteria) / nitrification;
7.      Oxidation;
Ignore all references to other parts of the nitrogen cycle
1. Accept saprotrophs. Allow this mark if saprobionts linked to fungi.
2. Ignore"nitrogen in plants"
Ignore enzymes excreted
6. Accept Nitrosomonas / Nitrobacter
5 max



(b)     1.      Carbon dioxide combines with ribulose bisphosphate / RuBP;
2.      Produces two molecules of glycerate (3-)phosphate / GP;
3.      Reduced to triose phosphate / TP;
4.      Using reduced NADP;
5.      Using energy from ATP;
6.      Triose phosphate converted to other organic substances / named organic substances / ribulose bisphosphate;
7.      In light independent reaction / Calvin cycle;
3. Accept add hydrogen for reduced
4. Accept alternatives such as NADPH for reduced NADP / GALP for TP / ribulose biphosphate
6 max
[11]





M14.          (a)     1.      High temperature allows enzymes to work faster / allows more collisions / allows more e-s complexes to be formed
OR
A lot of light so light not limiting;
2.      Photosynthesis reactions are faster / more photosynthesis;
Accept enzymes more effective. Ignore references to respiration. Ignore references to optimum (temperature or light).
2



(b)     (i)      Gross productivity = net productivity + respiratory loss / respiration;
Accept any correct rearrangement of this equation
Accept recognisable abbreviations
Reject respiratory rate.
1



(ii)     1.      Respiration slower / less respiration;
Unspecified references refer to August. Allow converse of respiration faster but must specify July / higher temperature
2.      Light-dependent reaction / photosynthesis less affected by temperature increase;
3.      Lower (energy) loss;
Unspecified references refer to August. Allow converse of higher loss but must specify July
"Lower respiratory losses (in August)" can meet both points 1 and 3 and gain 2 marks.
2 max



(c)     1.      Stored as fat / glycogen / biomass;
Reject stored energy. Ignore respiration
2.      Used for growth / movement / reproduction / process involved in growth / movement / reproduction;
2 max



(d)     1.      More heat / energy is lost (in March) / colder (in March);
2.      Maintain / regulate body temperature / more heat generated;
Accept keep warm.
3.      By respiration / metabolism;
2 max
[8]





M15.(a)
	 
	 
	Photosynthesis
	Anaerobic respiration
	Aerobic respiration

	 
	ATP produced
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	Occurs in organelles
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	Electron transport chain involved
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1 mark per column
Mark ticks only. Ignore anything else if different symbols such as crosses are used as well.
If crosses are used instead of ticks allow cross as equivalent to a tick.
Reject tick with a line through
3



(b)     ADP + Pi → ATP;
Both sides correct, but allow other recognised symbols or words for phosphate ion. Reject P unless in a circle.
Accept = as equivalent to arrow
Accept reversible arrow
Ignore any reference to kJ / water
1



(c)     1.      Energy released in small / suitable amounts;
2.      Soluble;
3.      Involves a single / simple reaction;
1. In context of release, not storage. Ignore producing energy / manageable amounts.
2. Reject "broken down easily / readily". Reject "quickly / easily resynthesised".
2 max



(d)     1.      ATP cannot be stored / is an immediate source of energy;
2.      ATP only releases a small amount of energy at a time;
2
[8]





M16.          (a)     1.      Releases energy in small / manageable amounts;
1. Accept less than glucose
2.      (Broken down) in a one step / single bond broken immediate energy compound / makes energy available rapidly;
2. Accept easily broken down
3.      Phosphorylates / adds phosphate makes (phosphorylated substances) more reactive / lowers activation energy;
3. Do not accept phosphorus or P on its own
4.      Reformed / made again;
4. Must relate to regeneration
4



(b)     1.      Substrate level phosphorylation / ATP produced in Krebs cycle;
Accept alternatives for reduced NAD
2.      Krebs cycle / link reaction produces reduced coenzyme / reduced NAD / reduced FAD;
2. Accept description of either Krebs cycle or link reaction
3.      Electrons released from reduced / coenzymes / NAD / FAD;
4.      (Electrons) pass along carriers / through electron transport chain / through series of redox reactions;
5.      Energy released;
5. Allow this mark in context of electron transport or chemiosmosis
6.      ADP / ADP + Pi;
6. Accept H+ or hydrogen ions and cristae
7.      Protons move into intermembrane space;
7. Allow description of movement through membrane
8.      ATP synthase;
8. Accept ATPase. Reject stalked particles 
6 max



(c)     1.      In the dark no ATP production in photosynthesis;
1. In context of in photosynthetic tissue / leaves
2.      Some tissues unable to photosynthesise / produce ATP;
3.      ATP cannot be moved from cell to cell / stored;
4.      Plant uses more ATP than produced in photosynthesis;
5.      ATP for active transport / synthesis (of named substance);
5
[15]





M17.(a)     1.      No oxygen can enter;
2.      Ethanol produced during anaerobic respiration;
OR
3.      No ethanol / carbon dioxide can escape;
4.      Allows accuracy of measuring;



OR
5.      To prevent entry of / contamination with microorganisms;
6.      Prevent competition with yeast;
Any two pairs of answers
Second mark of each pair must be related to the first point of the pair.
4 max



(b)     1.      Yeast respiring aerobically;
2.      Oxygen used equal to carbon dioxide produced;
2



(c)     1.      7.0 / 7;
2.      Ethanol production starts;
2



(d)     (i)      1.      Repeat;
2.      Identify anomalies / see if results are similar / enough results for statistical test / give more reliable mean;
3.      Carry out statistical test / statistical analysis;
4.      Ensure results are significant / find probability of results being due to chance;
5.      Peer review;
6.      Allows procedure to be checked / see if other scientists get similar results;
Two pairs of linked points, each pair a suggestion and an explanation. The explanation must relate to the suggestion to gain the second point of the pair.
4



(ii)     1.      Curve levelling off / rate of increase is decreasing / very little extra ethanol produced;
2.      Becomes less cost effective / less profit;
2. Accept a description of cost effectiveness
2



(iii)    1.      (Funding agency) might want particular results;
2.      Results may be withheld / results may not be published / results may be confidential;
2 max
[16]





M18.(a)     530 to 630;
1



(b)     1.      Reduced NADP;
Accept NADPH or rNADP
2.      ATP;
Reduced NAD is incorrect
2



(c)     (i)      1.      Unit of volume and unit of time;
Accept any reasonable unit of volume
E.g. cm3 or ml
Accept any reasonable unit of time
E.g. s, min or h
2.      Unit of area / mass;
Accept any reasonable unit of area or mass
E.g. cm2 or g
Symbols should be correct. Do not accept m for minutes.
2



(ii)     1.      (Light intensity) limiting factor;
2.      Fewer electrons (released) from chlorophyll;
3.      Less photolysis therefore (less) oxygen from water;
3



(d)     Will not affect (no mark):
1.      Photolysis / splitting of water does not use enzymes;
Will affect (no mark):
2.      May increase respiration;
3.      Respiration uses oxygen;
3



(e)     (i)      1.      Overlap in standard deviations;
2.      Unlikely that any difference is significant;
2



(ii)     1.      P / visible light has more wavelengths;
2.      Q has only light of wavelength 460 nm;
3.      Wavelengths over 460 nm can also be used for photosynthesis / wavelengths over 460 nm can also be absorbed;
3
[16]





M19.(a)     1.      Chlorophyll absorbs light energy;
Accept light energy ‘hits’ chlorophyll
Accept photon for light energy
2.      Excites electrons / electrons removed (from chlorophyll);
Accept higher energy level as ‘excites’ 
3.      Electrons move along carriers / electron transport chain releasing energy;
Accept movement of H+ / protons across membrane releases energy
4.      Energy used to join ADP and Pi to form ATP;
Negate ‘produces energy’ for either mark but not for both
Accept energy used for phosphorylation of ADP to ATP
Do not accept P as Pi
5.      Photolysis of water produces protons, electrons and oxygen;
3. and 4.
6.      NADP reduced by electrons / electrons and protons / hydrogen;
Accept NADP to NADPH (or equivalent) by addition of electrons / hydrogen
Do not accept NADP reduced by protons on their own
5 max



(b)     1.      Variation / variety;
2.      Mutation;
Do not accept answers which suggest the mutation is caused by copper
3.      Some plants have allele to survive / grow / live in high concentration of copper / polluted soils;
Reference to immunity disqualifies this mark
Do not disqualify mark for references to allele providing resistance to copper
4.      (Differential) reproductive success / adapted organisms reproduce;
5.      Increase in frequency of allele;
6.      No interbreeding (with other populations) / separate gene pool / gene pool differs (from other populations);
Accept reproductive isolation
5 max
[10]





M20.(a)     1.      Geographic(al) isolation;
2.      Separate gene pools / no interbreeding / gene flow (between populations);
Accept: reproductive isolation
This mark should only be awarded in context of during the process of speciation. Do not credit if context is after speciation has occurred.
3.      Variation due to mutation;
4.      Different selection pressures / different abiotic / biotic conditions / environments / habitats;
Neutral: different conditions / climates if not qualified
Accept: named abiotic / biotic conditions
5.      Different(ial) reproductive success / selected organisms (survive and) reproduce;
Accept: pass on alleles / genes to next generation as equivalent to reproduce
6.      Leads to change / increase in allele frequency.
Accept: increase in proportion / percentage as equivalent to frequency
6



(b)     1.      Capture / collect sample, mark and release;
2.      Method of marking does not harm lizard / make it more visible to predators;
3.      Leave sufficient time for lizards to (randomly) distribute (on island) before collecting a second sample;
4.      (Population =) number in first sample × number in second sample divided by number of marked lizards in second sample / number recaptured.
4



(c)     1.      High concentration of / increase in carbon dioxide linked with respiration at          night / in darkness;
2.      No photosynthesis in dark / night / photosynthesis only in light / day;
Neutral: less photosynthesis
3.      In light net uptake of carbon dioxide / use more carbon dioxide than produced / (rate of) photosynthesis greater than rate of respiration;
4.      Decrease in carbon dioxide concentration with height;
More carbon dioxide absorbed higher up
Accept: less carbon dioxide higher up / more carbon dioxide lower down
5.      (At ground level)
         less photosynthesis / less photosynthesising tissue / more respiration / more micro-organisms / micro-organisms produce carbon dioxide.
Neutral: less leaves unqualified or reference to animals
5
[15]





M21.(a)     1.      Antigen stimulates immune response / activates B/T cells;
2.     B/T cells divide OR antibodies produced;
3.     Antibodies/T cells attack myelin sheaths;
Ignore references to antigen binding to myelin
3



(b)     1.      Fewer cristae/smaller surface area (of cristae);
2.      So less electron transport/oxidative phosphorylation;
3.      (So) not enough ATP produced
OR
Not enough energy to keep neurones alive;
1. Accept ‘inner membrane’ as ‘cristae’
2. Accept fewer ATP synthase enzymes
2. Accept lower rate of electron transfer/oxidative phosphorylation
3. Accept less use/stimulation of neurone leads to death of cell
3. Accept no/less ATP produced/no energy to keep neurones alive
3. Ignore references to glycolysis/ Krebs cycle
3



(c)     (i)      (Transmission) electron (microscope) – no mark
Need high resolution (to see structure of mitochondria)
Accept ‘scanning electron microscope’ /TEM/SEM
Accept – optical microscope not high enough resolution
1
(ii)     1.      Took photographs/areas at random;
2.      Counted total number (of normal) and number of unusual mitochondria;
3.      Divided number of unusual mitochondria by total number and multiplied by 100;
1. Accept (very) large number of areas/photos/samples
MP 3 = 2 marks (includes MP2)
3
[10]



M22.          (a)     (i)      actin (Accept tropomyosin);
1
(ii)     myosin head;
1



(b)     (i)      Ca2+ binds to [part of] the actin / troponin;
this causes tropomyosin to be displaced;
uncovers [myosin] binding sites [on actin] / allows actin to bind;
max 2
(ii)     myosin heads bind to actin / cross bridge formation / 
actomyosin formed;
myosin heads / crossbridges swivel / ratchet mechanism;
causing actin to slide relative to myosin;
energy provided by hydrolysis of ATP;
max 3



(c)     (i)      (number lightly stained fibres / total number of fibres) × 100;
(actual numbers are 10 / 18 × 100)
1
(ii)     sample not representative / large enough / individual muscle fibres
different sizes / contain different number of myofibrils;
1
(d)     all some stain = 1
fast dark and slow lighter = 2
2
(e)     change in base sequence in DNA / addition / deletion / substitution of a base in DNA of the gene which codes for myosin;
change in amino acid sequence / primary structure;
causes a different tertiary structure;
which alters the binding properties of myosin;
4
[15]





M23.(a)     Pituitary;
Ignore any reference to lobe / hypothalamus.
1



(b)     (i)      (Each) protein has a tertiary structure;
Gives specific / correct shape / size to (inside of) channel / pore;
2



(ii)     More negative / lower WP (inside tubule cells);
accept Ψ symbol / down a WP gradient
Water enters / moves by diffusion / osmosis;
ignore water concentration, etc.
2
[5]





M24.          (i)      Binds to receptor / proteins; and opens Na+  channels;
Na+  enter and make membrane potential less negative / depolarised
2



(ii)      (Vesicles containing) neurotransmitter only in presynaptic membrane / 
neurone;
receptor / proteins only in postsynaptic membrane / neurone;
2



(iii)     GABA opens K+ and Cl– channels so K+  passes out and Cl–  passes in;
Membrane potential more negative / hyperpolarised;
Requires increased stimulation / must open more Na+ channels / allow
more Na+ to enter;
To reach threshold;
4
[8]





M25.          (a)     1. e.m. gives high resolution due to short wavelength of electrons;
2. antibodies attach specifically to target proteins;
3. gold particles are electron dense;
4. electrons must pass through a vacuum so material must be dead / fixed for e.m.;
5. cross-bridge cycling requires living cells / metabolism / named aspect-e.g. ATP synthesis; 
5



(b)     1. Ca2+ removes blocking molecules / uncovers binding site on actin;
2. correct references to Ca2+ binding to troponin / moving tropomyosin;
3. allows myosin heads to attach to actin filaments;
4. allows sliding of the actin and myosin filaments;
5. binding of ATP causes myosin (head) to detach (from actin);
6. (hydrolysis of) ATP releases energy;
7. which changes the configuration / cocking of the myosin head;
5 max
[10]





M26.(a)     (i)      where a change triggers a response which reduces the effect of a change;
1



(ii)     e.g. sweating, breathing, defaecating, other valid example;
(reject respiration
evaporation not acceptable as a 2nd mark if sweating or breathing given)
2 max



(iii)    hypothalamus;
1



(b)     (i)     pituitary;
(ignore anterior pituitary)
1



(ii)     1.       ADH causes vesicles containing aquaporins / aquaporins to be inserted into membrane / collecting duct wall / plasma;
2.       water enters cell through aquaporins;
3.       by osmosis / diffusion / down a water potential gradient;
4.       (from cell) to capillary;
5.       via interstitial fluid;
4 max



(c)     (i)     excessive urination / drinking / diluted urine / thirst;
1



(ii)     because males only have one X chromosome / do not have Y chromosome;
a single copy of the recessive allele will be expressed;
2



(iii)     recessive alleles can be carried by individuals without showing effects / dominant allele always expressed;
organism that are carriers more likely to reproduce / affected organism less likely to reproduce;
therefore recessive alleles are more likely to be passed on / dominant alleles less likely to be passed on;
3
[15]





M27.          (a)     (i)      Glucose;
Fructose;
Any order.
2



(ii)     Lactose has a different shape / structure;
Does not fit / bind to active site of enzyme / sucrase;
Only allow a second mark if reference is made to the active site.
Max 1 mark if active site is described as being on the substrate.
OR
Active site of enzyme / sucrase has a specific shape / structure; Does not fit / bind to lactose;
Do not accept same shape.
2



(b)     (i)      Rose and fell;
Peak at 45 (minutes) / concentration of 6.6 (mmol dm–3);
2
(ii)     Glucose (produced by digestion) is absorbed / enters blood;
Decrease as used up / stored;
2
[8]





M28.(a)     (i)      1.      Moves out of the way when calcium ions bind;
1. Accept shape change with Ca2+
1. Donߢt accept just “calcium”
2.      Allowing myosin to bind (to actin) / crossbridge formation;
1. Accept presence of calcium ions leads to movement instead of binds
Accept references to troponin
2



(ii)     1.      Head (of myosin) binds to actin and moves / pulls / slides actin past;
Q
2.      (Myosin) detaches from actin and re-sets / moves further along (actin)
1. Accept myosin power stroke (to move actin)
1. Accept push
1. Accept crossbridges form instead of myosin head binds to actin
1. Must refer to myosin head or crossbridges
3.      This uses ATP;
2 max



(b)     (i)      1.      (Glycogen broken down) gives (lots of) glucose for glycolysis / anaerobic respiration;
1. Give if context of anaerobic respiration clear
2.      Glycolysis / anaerobic respiration not very efficient / only yields 2 ATP per glucose;
2. Accept anaerobic respiration is a quick source of ATP for exercise
2. Accept very little ATP
2



(ii)     1.      (Many capillaries) give high concentration / lots of oxygen / shorter diffusion pathway for oxygen / large surface area for oxygen exchange / diffusion / good glucose supply with little glycogen present;
2.      Allows high rate of / more aerobic respiration OR prevents build-up of lactic acid / (muscle) fatigue;
3. Accept idea of aerobic respiration during endurance events / long periods of exercise
2
[8]





M29.(a)     One suitable suggestion; explained;
E.g.
1.      Action potentials travel more slowly / don’t travel;
Accept: fewer / no saltatory movement of potentials
2.      So delay in muscle contraction / muscles don’t contract / muscles contract slow(er);
OR
3.      Action potentials / depolarisation ‘leaks’ to adjacent neurones;
Accept: neurones not insulated
4.      So wrong muscle (fibres) contract.
2 max



(b)     Lipid-soluble / pass through phospholipid bilayer.
Not just ‘pass through membranes’
1



(c)     1.      Prevents influx of calcium ions (into pre-synaptic membrane);
Need idea of moving into pre-synaptic membrane / synaptic knob
Accept Ca++ / Ca2+
2.      (Synaptic) vesicles don’t fuse with membrane / vesicles don’t release neurotransmitter;
Accept vesicles don’t release acetylcholine
3.      Neurotransmitter does not diffuse across synapse / does not bind to receptors (on post-synaptic membrane);
Accept: sarcolemma / muscle membrane for post-synaptic membrane
4.      No action potential / depolarisation (of post-synaptic membrane) / sodium (ion) channels do not open / prevents influx of sodium ions.
Accept Na+
Accept prevents depolarisation of muscle cell
Ignore: descriptions of events at post-synaptic membrane involving calcium ions and muscle contraction
4



(d)     1.      They won’t affect synapses in brain;
2.      They won’t cause problems with the brain’s function / won’t damage brain;
Accept: suitable named problem e.g. hallucination
Ignore: unqualified references to ‘side effects’
Accept: reference to addiction / harm of smoking (cannabis)
3.      (So only the) muscle / neuromuscular junctions treated / affected.
2 max
[9]





M30.(a)      0.32.
Correct answer = 2 marks
Accept 32% for 1 mark max
Incorrect answer but identifying 2pq as heterozygous = 1 mark
2



(b)     1.      Mutation produced KDR minus / resistance allele;
2.      DDT use provides selection pressure;
3.      Mosquitoes with KDR minus allele more likely (to survive) to reproduce;
4.      Leading to increase in KDR minus allele in population.
4



(c)     1.      Neurones remain depolarised;
2.      So no action potentials / no impulse transmission.
2



(d)     1.      (Mutation) changes shape of sodium ion channel (protein) / of receptor (protein);
2.      DDT no longer complementary / no longer able to bind.
2
[10]





M31.(a)     1.      Binding (of interferon gamma) changes shape/tertiary structure of receptor (protein);
2.      This activates/switches on the enzyme;
3.      Use of ATP (to phosphorylate STAT1);
1. Accept reference to second messenger mechanism/process
3. Context is important
2 max



(b)     1.      Phosphorylated STAT1;
2.      IRF (protein);
Accept in either order
1. Must be phosphorylated but accept STAT1P
2. Ignore references to phosphorylated
2



(c)     1.      Causes more helper T cells to form;
2.      (So) more interferon (gamma) production (by helper T cells);
1. and 2. require idea of more
2



(d)     1.      (Tumour suppressor gene) slows cell division/causes death of damaged/tumour/cancer cells;
2.      IRF gene leads to formation of IRF (protein) that binds to gene B;
3.      (Gene B protein) causes death of damaged/mutated cells OR slows division;
2. ‘It’ means IRF gene
3. Context is important
3. If clearly stated and includes the protein, scores 2 marks because it subsumes point 1
3
[9]



M32.(a)     (epithelial cell) of tubule cells carry out active transport;
transport chloride / sodium ions out (of filtrate);
against concentration gradient;
into surrounding tissue / tissue fluid;
creates / maintains water potential gradient for water reabsorption;
countercurrent multiplier;
5 max



(b)     if water potential of blood falls, detected by receptors in hypothalamus;
leads to ADH released from pituitary gland;
ADH makes cells of collecting duct / distal convoluted tubule permeable to water;
(accept DCT)
water leaves filtrate by osmosis;
smaller volume of urine produced;
(accept converse if water potential of blood rises)
4 max



(c)     (autonomic reflex),
autonomic ganglion involved;
extra synapse outside the spinal cord;
inhibitory rather than excitatory neurone;
more neurones involved;
2 max
[11]





M33.          (a)     1.      rate of respiration increases (in muscle cells);
2.      carbon dioxide concentration increases / pH falls / H+ increases / acidity increases;
3.      chemoreceptors in aortic / carotid bodies / medulla (accept reference to aorta / carotid arteries not sinus);
4.      (impulses to) medulla / cardioaccelerator centre;
5.      increased frequency of impulses (award only once);
6.      along sympathetic pathway to sinoatrial node / SAN (not pacemaker);
6



(b)     (i)      through cardiac muscle;
to atrioventricular node;
along bundle of His / Purkyne fibres;
2 max
(ii)     sinoatrial node in the (right) atrium;
trace from healthy person is identical to the trace for the diseased heart in the region of the atria / only differences seen in trace for ventricles;
2
[10]





M34.          (a)     1.      rate of respiration increases (in muscle cells);
2.      carbon dioxide concentration increases / pH falls / H+ increases / acidity increases;
3.      chemoreceptors in aortic / carotid bodies / medulla (accept reference to aorta / carotid arteries not sinus);
4.      (impulses to) medulla / cardioaccelerator centre;
5.      increased frequency of impulses (award only once);
6.      along sympathetic pathway to sinoatrial node / SAN (not pacemaker);
6



(b)     (i)      through cardiac muscle;
to atrioventricular node;
along bundle of His / Purkyne fibres;
2 max
(ii)     sinoatrial node in the (right) atrium;
trace from healthy person is identical to the trace for the diseased heart in the region of the atria / only differences seen in trace for ventricles;
2
[10]





M35.         (a)     1. pressure receptors / baroreceptors / stretch receptors in aorta / carotid arteries / carotid sinus; (reject carotid body)
2. send impulses to cardiovascular centre / medulla / cardio-inhibitory centre;
(reject signals / messages / electronic)
3. impulses via parasympathetic nerves / vagus; (accept inhibitory nerve)
4. to SAN;
5. release of ACh / inhibits SAN / decreases impulses from SAN;
6. decreases impulses to AVN / decreased stimulation of AVN / decreases impulses from AVN;
(any reference to signals / messages / electronic disqualifies points 3 and 5 only)
6



(b)     1. inhibit impulses in sympathetic nerves / from cardio-acceleratory centre;
2. SAN not stimulated / noradrenaline not released so heart rate lowers / does not increase;
(accept inhibits / blocks synapses);
2
[8]
QWC 1
 


 

M1.(a)     (Gene 1) allele A makes enzyme converting J to K / colourless to red;
Allele a produces no / non-functional enzyme;
(Gene 2) allele B makes enzyme converting K to L / red to purple;
Allele b produces no / non-functional enzyme;
(“Recessive alleles produce no / non-functional enzyme” = 2)
White flowers result from genotype aa;
... regardless if B or b / even if aaB_ ;
Colourless (substance) / J produces white;
Red flowers when A_ bb / enzyme 1 only;
Purple flowers when A_ B_ / enzymes 1 and 2;
6 max



(b)     (i)      (1) (red parent) AAbb;
(2) (white parent) aaBB;
2



(ii)     F1 are AaBb;
F2 ratio of 9 : 3 : 4;
Purple : red : white;
Suitable working shown;
4



(c)     (i)      aabb, aaBb, and aaBB; (allow aabb & aaB_)
1



(ii)     (Crush each type of white petal to make an extract, and) add some of the (red) pigment / K, to petal OR incubate with K;
(extract becoming) purple is identified as aaBB OR that staying red, after K is added, is aabb;
2
[15]





M2.(a)     sandy stated as heterozygous / suitable allusion to alleles;
suitable cross chosen; (as in table)
N.B. second two points linked, not stand-alone
explained why could not be codominance;
N.B. Second two points linked, not stand alone
 
	 
	Suitable cross
	Reason why not codominance

	 
	3 and 4
	Offspring should all be sandy

	 
	10 and 11
	Offspring should all be sandy

	 
	7 and 8
	Offspring should all be red



BUT if candidate assumes sandy is homozygous, mark accordingly
e.g. "look at cross 1 and 2; all their offspring would be sandy;"
and not that, if red or white then identified as heterozygote,
then full 3 marks are still possible.
3



(b)     11 aabb,
10 = AaBb, (N.B. only possibility, not A-B-)
2 = A_bb or aa B- (or one possible genotype);
if all 3 correct - 2 marks / if 2 correct - 1 mark; one or fewer - 0 marks
2



(c)     1 mark for each element of clear explanation i.e.
- choice of a suitable piece of evidence;
- explaining why Hypothesis 2 could not account for the observed result;
(only cross really possible is 1 and 2) i.e. if sandy was aaB_, individuals 1 and 2 would both have been aaB; so their offspring could only be either white or sandy (as no A alleles present);
2



(d)     (Mark line by line, not to 'first error': do not allow for consequential errors)
                                         Individual 18         Other parent
Parental
genotypes                                          AaBb;         No mark for this
                                                                              (AaBb)
Parental gametes AB Ab aB ab        and             Ab  ab;
Offspring
genotypes
 
	 
	AABb
	Aabb
	AaBb
	Aabb

	 
	AaBb
	Aabb
	aaBb
	aabb

	 
	(Punnett not necessary



Offspring
phenotypes                 red                 sandy                 white
Expected ratio               3                        4                        1;
4
[11]





M3.          (a)     angle, moisture and pH
(all required)
1
(b)     system for subdividing quadrat into, e.g. many squares;
method of estimating cover in small squares, e.g. counting those where cover over 50%, or cover at points (of intersection);
(not just ‘count squares with vegetation’ unless very small)
2



(c)     increasing vegetation cover is related to increasing moisture content
(allow ‘affects‘ moisture content or vice versa, not ‘causes); 
correlation is significant / not due to chance / can reject null hypothesis
/ only 1 in 20 / 5% probability that the correlation is due to chance;
2



(d)     factor; and linked effect e.g.
wind-blown particles trapped;
accumulation of soil;
OR
accumulation of organic / dead / decomposed matter / humus;
increase in mineral ions / improved water retention / improved
soil structure;
OR
nitrogen fixation;
increased nitrate concentration / improved soil fertility;
2 max
[7]





M4.          (a)     gene located on X / Y / one sex chromosome;
(allow gene on X or Y chromosome, not X and Y)
1



(b)     (i)      black;
1
(ii)     XGXg;    
(lose this mark if the wrong genotype is given for the female in (iii))
(must show X chromosomes to gain the mark)
1
correct parent gametes 
(Xg and Y from male, XG and Xg from female);
correct offspring genotypes (XgXg, XGXg, XGY, XgY);
correct link of offspring genotypes with phenotypes;
XgXg black female
XGXg tortoiseshell female
XGY ginger male XgY black male
(correct gametes, offspring genotypes and link with phenotypes based on incorrect parent genotype = 3 marks) 
3



(c)     XGY dd; correct male kitten genotypes (XgY Dd and XgY dd);
correct link of kitten genotypes with phenotypes;
(ignore female kittens)
XgY Dd         black
XgY dd          grey
(correct kitten genotypes and phenotypes based on incorrect parent genotype = 2 marks)
3
[9]





M5.          (a)     6;
1
(i)      chromosomes are arranged in (homologous) pairs / bivalents;
crossing over / chiasma present / exchange of genetic information; 
bivalents arranged independently;
2 max



(ii)     separation / spliting / pulling apart of homologous chromosomes / 
pairs of chromosomes;
(must give indication that one chromosome moves to each side)
(must be in the context of meiosis – not chromatid movements and not chromosomes separate)
pulled at centromere / by spindle / fibres;
2



(c)     (i)      the short arm of both chromosomes labelled on the middle 
homologous pair;
(B and b must be labelled on separate chromosomes) 
1
(ii)     8 = 2 marks;
working showing genotypes with 1 allele from each pair 
(for example, B C D) = 1 mark
2
[8]





M6.          (a)     1.      colonisation / pioneering;
2.      microscopic plants at start;
3.      death / decomposition;
4.      named change in environment e.g. increase in organic matter / stabilisation;
5.      new species colonise once there is a change;
6.      increase in number of species / diversity / increase in total amount of living material / biomass / more niches / increase in nutrient availability / change from more extreme conditions / more stability;
6



(b)     marking principles:
one mark – direct result of removing forest cover;
e.g. soil erosion / leaching
one mark – specific effect on organisms in lake;
e.g. more sediment / nutrients (for plants to grow)
2



(c)     1.      named nutrient availability;
2.      numbers of producers providing energy (for a food chain) / light intensity affecting the rate of photosynthesis;
3.      disease killing (weaker) members of species / predation described;
4.      space for nest building / niches;
5.      competition for a named limited resource / (intra and interspecific) competition explained;
5
[13]





M7.          (a)     (i)      transect line may not go through representative areas / may avoid certain areas;
1
(ii)     large sample;
how random coordinates are generated / how random places
chosen;
2



(b)     (i)      spread of values around the mean height of the plant;
1
(ii)     smaller plants at higher altitude;
greater the altitude the lower the standard deviation ;
reference to figures to make a comparison;
2 max
(iii)     the plants measured were grown under uniform conditions;
1
[7]





M8.          (a)     mutations;
which are different / at different positions in the gene;
2
(b)     (i)      either dominant or recessive allele;
1
(ii)     AhAh BB, AhaBB, AhAh Bb, AhaBb;;
(allow 1 mark for 2 or 3 correct answers)
2
(iii)     temperature lower at extremities;
enzyme active / not denatured;
2



(c)     if allele A is present (normal) tyrosinase / enzyme is produced, so it does
not matter what other allele is present / explanation of why heterozygote is
same phenotype as double dominant in terms of enzyme produced;
phenotype / rabbit is black as both have alleles A and B;
2
[9]





M9.          (a)     1       shore crab rapidly colonises / rapid growth;
2       ability to live different environments / no natural predators / will have similar / overlapping niche with native species / valid example / shore crab may be carrier of disease;
3       shore crab better competitor / more aggressive;
4       decreased population of prey species;
5       ecosystem less stable;
5



(b)     between A and B water potential of blood rises as water potential of blood rises as water potential of surrounding water rises, after B rise in water
potential less rapid / at C no further change occurs;
1



(c)     No – as blood is isotonic with surrounding water / blood and surrounding
water have same water potential;
1



(d)     (i)      water potential of blood maintained;
so (blood) cells not destroyed (by osmosis);
OR
replaces ions / salts lost diffusion;
ions / salts required for named metabolic process;
2



(ii)     rate of respiration decreases;
less ATP made;
insufficient to maintain water potential of blood when in estuary;
isotonic in sea so no need to transport salts;
OR
sea temperature higher than river;
higher metabolic rate / higher enzyme activity;
advantage of this crab e.g. still able to escape from predators;
3 max
[12]





M10.          (a)     species present change the habitat / named change;
other species able to colonise;
new species better competitors;
3



(b)     D - as more species present;
more complex food webs;
or
change in one species will have little effect on others;
as alternative food sources;
2 max



(c)     sand drains easily / low water retention;
(sunken stomata) reduce transpiration;
as pocket pf saturated air trapped near stomatal pore;
this reduces diffusion / water potential gradient;
3 max



(d)     series of changes over a distance / gradient of environmental
factor / named environmental factor / cline present / ensures
sampling of each community;
1
[9]





M11.          (a)     1       4 year cycles;
2       predator / stoat peaks after prey / lemming;
3       lemmings increase due to low numbers of stoats / available food;
4       more food for stoats so numbers increase;
5       increased predation reduces number of lemmings;
6       number of stoats decreases due to lack of food / starvation;
6



(b)     smaller populations have fewer different alleles / more homozygosity / less
heterozygosity / smaller gene pool / lower genetic variability;
migrants bring in new alleles / increase gene pool;
2



(c)     geographical isolation of populations;
variation present in population(s);
different environmental conditions / different selection pressures / different 
phenotypes selected;
change in genetic constitution of populations / gene pools / allele frequency;
4
[12]
 


 



M12.          (a)     (i)      change in community over time;
either due to change environmental / abiotic factors / change is due to species present;
2
(ii)     stable community / no further succession / final community;
1



(b)     (increased) interspecific competition;
for light / nutrients / named nutrient / water;
2



(c)     fewer leaves / lower surface area / shading of leaves so less photosynthesis to produce new biomass / glucose / growth; competition with other species for nitrates / named nutrients so reduced synthesis of protein or named compound; ratio of leaves to woody parts and roots decreases so higher respiration relative to photosynthesis;
3
[8]
 


 



M13.(a)     Two linked points:
Crossing over / exchange of material (between chromatids);
Different combinations of alleles / linkage groups changed / broken;
OR
Independent assortment / alignment of (homologous) chromosomes;
Different combinations of (maternal and paternal) chromosomes / alleles;
2 max



 
	 
	(b)
	Gamete genotype
	 
	[image: ]

	 
	
	Offspring genotype
	 
	[image: ]

	 
	
	Offspring
phenotypes
	Abnormal males / (all)     (no females);



3
[5]





M14.          (a)     (i)      decomposers convert (nitrogen in organic compounds) into ammonia / ammonium; suitable example of “organic nitrogen” - protein / urea / amino acid etc. (e.g. linked to process); nitrifying bacteria / correctly named convert ammonium to nitrate; via nitrite;
3
(ii)     convert nitrogen (gas) into ammonium / ammonia / amino acids;
add usable / available nitrogen to an ecosystem / eq.;
2



(b)     (i)      1.      numbers of dispersed bacteria increase as they feed on organic matter;
2.      numbers of free-swimming protoctistans increase because number of bacteria increase;
3.      dispersed bacteria decrease as amount of dispersed organic matter decreases / due to lack of food / as organic matter is converted to flocs / are preyed on by free-swimming protoctistans;
3



(ii)     1.      (in a succession) organisms (enter an area and) change the environment / conditions creating new niches / habitats;
2.      allows different species / different types of organisms to enter / be successful;
3.      dispersed bacteria change dispersed organic matter to flocs;
4.      presence of flocs allows crawling protoctistans to enter / to increase / to be successful;
4
[12]





M15.(a)     Table completed as below:
 
	 
	Kingdom
	Animalia / Animals
	 

	 
	Phylum
	Chordata

	 
	Class
	Mammalia

	 
	Order
	Rodentia

	 
	Family
	Caviidae

	 
	Genus
	Cavia
	Column 1 correct;

	 
	Species
	porcellus
	Column 2 correct;



2



(b)     Mutation occurs;
Correct e.g. of isolating mechanism
e.g.
temporal − different breeding seasons / feeding times / 
ecological / behavioural − different courtship displays / different niches / habitats / feeding areas /
mechanical − mismatch of reproductive parts /
gamete incompatibility − sperm killed in female’s reproductive tract / 
hybrid inviability / hybrid infertility;
Ignore references to “genetic isolation” or “reproductive isolation”
Different selection pressures operate / changes in allele frequency / divergence of gene pools;
3



(c)     Using candidate’s symbols for alleles −
e.g. B = black, b = brown, S = short, s = long:
Parental genotypes correct:        Male A          Female B
                                           SSBb            SsBB;
Gametes correctly derived from
candidate’s parental genotypes: SB     Sb     SB     sB;
offspring genotypes correctly
derived from candidate’s
suggested gametes         − accept Punnett square or line diagram;
offspring genotypes correct:       SSBB     SsBB     SSBb     SsBb;
If monohybrid:cross [image: ] 0 marks
4



(d)     There is no (significant) difference between observed and expected results / any difference is due to chance;
1
[10]





M16.          (a)     Small surface area to volume ratio / more fat;
Lose less heat (to the environment) / for insulation when they are sitting on eggs;
2



(b)     (i)      The further north / higher the latitude, the higher the percentage (of white snow geese);
1



(ii)     Snow lying longer / melts slower further north / at greater latitudes;
White geese better camouflaged (further north);
Predation linked to survival / reproductive success;
Q In order to gain the last marking point, candidates must explain how survival or reproductive success is affected.
3



(c)     Snow melts earlier / snow melts further north / less snow;
White geese decreasing as less well camouflaged / at disadvantage / blue geese increasing as better camouflaged / at an advantage;
2



(d)     (i)      Stabilising;
Do not accept stable
1
(ii)     Few geese survive at the extremes / most survive from the middle of the range;
1
[10]





M17.          (a)     1.      (Colonisation by) pioneer (species);
2.      Change in environment / example of change caused by organisms present;
3.      Enables other species to colonise / survive;
4.      Change in diversity / biodiversity;
5.      Stability increases / less hostile environment;
6.      Climax community;
Example of change e.g. formation of soil / humus / organic matter / increase in nutrients;
Do not accept genetic diversity for mark point 4.
5 max



(b)     1.      Geographical isolation;
2.      Variation due to mutation;
3.      Different environmental / abiotic / biotic conditions / selection pressures;
4.      Selection for different / advantageous, features / characteristics / mutation / / allele / differential reproductive success / (selected) organisms survive
and reproduce;
5.      Leads to change in allele frequency;
In this question must refer to allele where appropriate, not gene.
5
[10]





M18.          (a)     (i)      Only expressed / shown (in the phenotype) when homozygous / two (alleles) are present / when no dominant allele / is not expressed when heterozygous;
1
(ii)     Both alleles are expressed / shown (in the phenotype);
Allow both alleles contribute (to the phenotype).
1



(b)     (i)      Evidence (not a mark)
3 and 4 / two Rhesus positives produce Rhesus negative child / children / 7 / 9;
Explanation (not a mark)
Both Rhesus positives / 3 and 4 carry recessive (allele) / are heterozygous / if Rhesus positive was recessive, all children (of 3 and 4) would be Rhesus positive / recessive;
Do not negate mark if candidate refers to gene rather than allele.
Answers including correct and incorrect evidence = zero marks evidence and explanation.
2



(ii)     Evidence (not a mark)
3 would not be / is Rhesus positive / would be Rhesus negative;
Explanation (not a mark)
3 would receive Rhesus negative (allele) on X (chromosome) from mother / 3 could not receive Rhesus positive (allele) from mother / 3 would not receive Rhesus positive (allele) / X (chromosome) from father / 1 / 3 will receive Y (chromosome) from father / 1;



OR
Evidence (not a mark)
9 would be Rhesus positive / would not be / is Rhesus negative / 
8 and 9 / all daughters of 3 and 4 would be Rhesus positive;
Explanation (not a mark)
As 9 would receive X chromosome / dominant allele from father / 3;
Do not negate mark if candidate refers to gene rather than allele.
One mark for evidence and one mark for explanation linked to this evidence.
Any reference to allele being on Y chromosome negates mark for explanation.
2



(c)     Correct answer of 48(%) = 3 marks;;;
q2 / p2= 16% / 0.16 / p / q = 0.4;
Shows that 2pq = heterozygotes / carriers;
Final answer of 0.48 = 2 marks
Allow mark for identifying heterozygotes if candidate multiplies incorrect p and q values by 2.
3
[9]





M19.(a)     Greater when treated with herbicide G;
Same number but total biomass larger;
Can be shown by figures
2



(b)     Fewer weeds left to produce seeds;
Less contamination of crop (by weeds); / fewer weeds to separate from crop; / less competition (between crop and weeds);
2



(c)     Advantage
Weeds growing fast / photosynthesising fast so effect will be seen / 
will have large effect;
Disadvantage
No information about winter / other seasons / 
weeds not growing fast / 
could kill (beneficial) insects / 
crop may be harvested before effects noticeable;
One mark for advantage and
one mark for disadvantage
2



(d)     Limitations of investigation
1. No control / untreated field;
2. Amount of herbicide may be different;
3. May be differences between fields; Eg soil Nutrients / fertiliser added Type of weed Microclimates
4. May be different number of weeds (at start);
Limitations of results
5. No replicates / one set of data;
6. Field size may vary / not specified;
Scientific Research
7. Scientific research / example of scientific research has led to greater yield;
When marking please number the marking points
e.g. [image: ] means a mark award for point 5
5 max
[11]





M20.          (a)     (i)      Amount of mRNA > amount of DNA / multiple copies of mRNA;
Insulin mRNA/the specific mRNA is found in pancreas cells;
Introns / non-coding information present in DNA / these removed
in mRNA / corr. ref. post-transcriptional modification;
2 max



(ii)     Enzyme 1 = reverse transcriptase;
Enzyme 2 = (DNA)-polymerase;
2
(iii)     Hydrogen (bonds) / H-(bonds);
1



(b)     (i)      Primers;
1
(ii)     To allow H-bond re-formation / to allow joining of primers/P
(and Q) to (single-stranded) DNA / converse re. high temp.
breaks H-bonds / prevents joining;
1



(iii)     To mark region of DNA to be ‘copied’ / to show enzyme where
to start;
(Enzyme) needs starting strand onto which to attach nucleotides;
Allow idea of extending pre-existing chain
2
(iv)    32;
1
[10]
 




M21.          (a)     No cadmium;Other conditions same as cadmium-treated group;
2
(b)     (i)      As a measure of the effect due to cadmium /
to make a comparison;
1



(ii)     Becoming more methylated;
Ignore later slight decrease/no change
1
(iii)     Production of more methyltransferase enzyme /
increased activity of transferase;
Extra incorrect relevant information - cancel
1



(c)     RNA-polymerase could not bind (to DNA / to promoter);mRNA of p16 could not be made / no transcription of p16 gene;
2



(d)     Any four from:1.  Cadmium causes expression of methyltransferase gene /
     increased activity transferase (from 2 to 3 weeks in);2.  Methyl groups on to promoter / p16 gene / suppressor (gene);3.  (p16) normally suppresses tumour growth;4.  p16 protein / p16 expression falls after 4 weeks / after methylation;5.  Tumour formation occurs (after 10 weeks) after p16 falls /
     after suppressor gene activity falls;
4 max
[11]
 




M22.          (a)     use restriction enzyme / endonuclease / named, e.g. Bam / Eco;
to cut DNA in specific place / base sequence;
2



(b)     heat DNA to 90 – 95 °C;
strands separate;
add primers;
and nucleotides;
cool so that primers bind to DNA;
(DNA) polymerase forms new strands / joins nucleotides;
4 max



(c)     (i)      virus is inhaled / sprayed into the lungs;
gets into cells, inserting the healthy gene;
2
(ii)     makes DNA from RNA
rather than other way round
1
[9]





M23.          (a)     isolate wanted gene / DNA from another organism / mRNA from cell / organism;
using restriction endonuclease / restriction enzyme / reverse transcriptase to get DNA and produce sticky ends;
use ligase to join wanted gene to plasmid;
also include marker gene e.g. antibiotic resistance;
add plasmid to bacteria to grow (colonies)then (replica) plate onto medium where the marker gene is expressed;
bacteria / colonies not killed have antibiotic resistance gene and (probably) the wanted gene;
6



(b)     (i)      injection, rapid rise and fall;
virus, slower rise and longer in effective / harmful range;
capsule slowest rise, longest in effective / harmful range;
injection and virus give harmful concentrations but capsule does
not;
3 max



(ii)     advantage e.g.:
substance never reaches harmful levels / no side effect / less likely to harm the organism, longer relief from symptoms / less frequent treatment needed / longer effective range / longer but without harmful side effects;
1 max
disadvantage e.g.:
takes longer to take effect;
1
[11]





M24.          (a)     secreted by the liver / storage / release from gall bladder into the duodenum / small intestine;
bile passes unchanged from small intestine to colon;
2



(b)     (i)      chance alone has not caused the difference (between the two patients types);
high steroid high bacteria (significantly) higher percentage of cancer patients / low steroids low bacteria (significantly) higher percentage of control patients;
2
(ii)     some patients with low levels of one / both factor(s) have cancer;
1



(c)     change in code / base sequence / structure of gene;
addition / deletion / substitution;
mRNA / transcription changed;
gene product / protein structure / amino acid sequence changed / different protein;
loss of function;
uncontrolled cell division;
4 max
[9]





M25.          (a)     to separate the two strands / break hydrogen bonds;
1
(b)     (i)      enables replication / sequencing to start (allow keeps strands
separate);
1
(ii)     joins DNA nucleotides (not complementary bases);
1



(c)     (i)      64;
1
(ii)     replication of DNA from crime scene / tissue sample / 
for DNA sequencing / gene cloning;
1



(d)     (transcription uses) RNA polymerase;
RNA nucleotides / uracil;
one (template) strand / PCR both strands;
start / stop codons;
(accept enzyme separates strands)
2 max
[7]





M26.          (a)     probe will attach (to mutant allele);
attaches to one DNA strand;
as a result of complementary base pairing;
radioactivity detected on film / X-ray / by autoradiography
(if mutant allele present);
4



(b)     for
gene is only active in mammary cells / only affects milk / easy to
obtain product / product produced in large amounts / gene passed to
offspring;
1
against
long term effects not known / qualified reference to animal exploitation
e.g. use of embryos / effect of inserted gene on other sheep
tissues / genes;
1
[6]





M27.          (a)     1       macrophages present antigens to B lymphocytes;
2       antigen binds to / is complementary to receptors on lymphocyte;
3       binds to a specific lymphocyte;
4       lymphocytes become competent / sensitised;
5       (B) lymphocytes reproduce by mitosis / (B) lymphocytes cloned;
6       plasma cells secrete antibodies;
4 max



(b)     1       restriction enzyme / endonuclease;
2       to cut plasmid / to form sticky ends in plasmid;
3       (use) ligase(to join) gene to plasmid;
4       culture bacteria with (in medium containing) plasmids
5       to allow uptake of plasmids / transformation;
6       use of cold shock / chemical treatment (to enhance uptake) / heat
         shock;
(ignore bullets / electroporation / microinjection)
3 max
[7]





M28.          (a)     Presence of resistant and non-resistant varieties / mutation produces resistant variety;
Resistant ones survive / non-resistant ones killed by treatment;
These will reproduce and produce more resistant parasites / pass on resistance allele;
3



(b)     Likelihood of being infected (by strain resistant to both drugs) is less;
1/500 × 1/500/1/250 000;
Drug has longer effective life;
max 2



(c)     (i)      As comparison / to show that nothing else in the treatment was responsible;
1
(ii)     Given injections of saline / injection without SPf66;
(otherwise) treated the same as experimental group;
2



(d)     (i)      100%;
1
(ii)     10%;
1



(e)     (i)      Different lengths of DNA have different base sequences / cut at specific sequence;
Results in different shape / different shape of active site;
Therefore (specific sequence) will only fit active site of enzyme;
3
(ii)     Recognition sites contain only AT pairs;
Which would occur very frequently;
2
[15]





M29.          (a)     only small amounts obtained / PCR increases the amount / mass of DNA;
so enough DNA available for genetic fingerprinting;
2



(b)     (i)      to separate the two strands of the DNA / 
to break the hydrogen bonds;
(Reject “unzip”)
1
(ii)     short lengths / fragments of DNA / nucleotides / 
single stranded DNA;
1
(iii)     to mark beginning and / or ends of the part of DNA needed / 
for attachment of enzymes or nucleotides / initiator / 
keeps strands apart;
1
(iv)    would not be denatured;
must be heated to 95 °C / must withstand high temps;
2



(c)     1 DNA extracted from sample;
2 DNA cut / hydrolysed into segments using restriction endonucleases;
3 must leave minisatellites / required core sequences intact;
4 DNA fragments separated using electrophoresis;
5 detail of process e.g. mixture put into wells on gel and electric 
   current passed through;
6 immerse gel in alkaline solution / two strands of DNA separated;
7 Southern blotting / cover with nylon / absorbent paper (to absorb DNA);
8 DNA fixed to nylon / membrane using uv light
9 radioactive marker / probe added (which is picked up by required
   fragments) / complementary to minisatellites;
10 (areas with probe) identified using X-ray film / autoradiography;
max 6



(d)     adult 3;
this is only one which, (with number 1), can provide (all) the DNA
fragments which children have / all bars match;
(Reject ‘genes’)
2
[15]





M30.          (a)     1  (DNA altered by) mutation;
2  (mutation) changes base sequence;
3  of gene controlling cell growth / oncogene / that monitors cell division;
4  of tumour suppressor gene;
5  change protein structure / non-functional protein / protein not formed;
6  (tumour suppressor genes) produce proteins that inhibit cell division;
7  mitosis;
8  uncontrolled / rapid / abnormal (cell division);
9  malignant tumour;
max 6



(b)     cancer cells die / break open;
releasing DNA;
2
(c)     normal DNA and changed DNA have different sequences;
DNA only binds to complementary sequence;
2



(d)     fewer abnormal / cancerous cells / smaller tumours;
less cell damage / less spread / fewer locations to treat;
2



(e)     mRNA base sequence has changed;
gene / DNA structure is different / has mutated;
cancer gene active / tumour suppressor gene inactive;
3
[15]





M31.          (a)     (i)      Different genes / characteristics / features;
Reference to mutations;
Or
Base sequence determines protein;
Different species have different protein sequences;
max 2
(ii)     Primer has different DNA sequence;
DNA specific / complementary base-pairing;
2
(iii)     Electrophoresis separates DNA;
(So they can be) identified by position on gel;
Smaller / shortest fragments travel furthest / quicker / or
reverse argument;
3



(b)     (conventional) Many lengths / all DNA / (new) one length;
Each rung is DNA of one / specific length;
2



(c)     1 Heat DNA;
2 Breaks hydrogen bonds / separates strands;
3 Add primers;
4 Add nucleotides;
5 Cool;
6 (to allow) binding of nucleotides / primers;
7 DNA polymerase;
8 Role of (DNA) polymerase;
9 Repeat cycle many times;
max 6
[15]





M32.          (a)     (i)      protein / immunoglobulin;
specific to antigen;
idea of ‘fit’ / complementary shape;
2 max
(ii)     1. virus contains antigen;
2. virus engulfed by phagocyte / macrophage;
3. presents antigen to B-cell;
4. memory cells / B-cell becomes activated;
5. (divides to) form clones;
6. by mitosis;
7. plasma cells produce antibodies;
8. antibodies specific to antigen;
9. correct reference to T-cells / cytokines; 
6 max



(b)     1. antibody gene located using gene probe;
2. cut using restriction enzyme;
3. at specific base pairs;
4. leaving sticky ends / unpaired bases;
5. cut maize / DNA / vector using same restriction enzyme;
6. join using DNA ligase;
7. introduce vector into maize / crop / recombinant DNA into maize;
4 max



(c)     passive / person is not making own antibodies / antibodies not replaced;
memory cells not produced;
2
(d)     fewer ethical difficulties / less risk of infection;
1
[15]





M33.          (a)     1.      DNA is cut;
2.      using restriction enzyme;
3.      electrophoresis;
4.      separates according to length / mass / size;
5.      DNA made single-stranded;
6.      transfer to membrane / Southern blotting;
7.      apply probe;
8.      radioactive / single stranded / detected on film / fluorescent;
9.      reference to tandem repeats / VNTRs / minisatellites;
10.    pattern unique to every individual;
6 max



(b)     cells on toothbrush;
DNA present in cell;
2



(c)     (i)      toothbrush gives small sample of DNA / need more DNA
for analysis;
PCR gives many copies;
2
(ii)     uses heat;
to separate strands;
OR
PCR replicates pieces of DNA;
because DNA has been cut;
OR
primer added in PCR;
to initiate replication
2 max



(d)     (i)      PCR / amplification needed;
1
(ii)     other DNA present; need to identify ‘required’ DNA from rest;
2
[15]





M34.          (a)     1       Cut gene out of cell / make gene using mRNA / obtain gene with restriction enzymes;
2       Cut DNA using restriction enzyme / plasmid cut with restriction enzyme;
3       Correct reference to sticky ends;
4       Join DNA using ligase / insert gene into vector;
5       Plasmid / named vector transferred to cell;
6       Method of transfer e.g. heat shock;
7       Reference to marker gene;
8       Select bacteria containing new gene;
max 6



(b)     Cells can metastasise / break off / spread to other parts of the body;
Remaining cells continue to divide forming a new tumour / secondary; 
2



(c)     Antibodies specific;
Normal cells have different antigen / cancer cell has particular antigen;
Enzyme only present in cancer cells so drug only activated at / near cancer cells; 
3



(d)     All cells contain DNA;
Would stop / inhibit DNA replication in normal cells;
Stops / inhibits cell division;
Named example on growth / repair e.g. no new blood cells
made / no wound healing;
4
[15]





M35.          (a)     1       DNA is cut;
2       Using restriction enzyme;
3       Use electrophoresis;
4       Separates according to length / mass;
5       Southern blotting / transfer to (nylon) membrane;
6       Make single-stranded;
7       Apply probe;
8       Radioactive / fluorescent;
9       Reference to tandem repeats / VNTRs / minisatellites;
10     Autoradiography / eq; 
8 and 10 should be consistent
max 6



(b)     (i)      All bands in cub which don’t come from mother;
Must be in father’s DNA fingerprint;
Principle that all bands in cub must come from mother and father = 1
2
(ii)     Select pairs with dissimilar DNA fingerprints;
1



(c)     (i)      Cells (from panda) in faeces / gut cells / blood cells;
1
(ii)     To increase amount of DNA / only small amount present;
1
(iii)     DNA / primer has specific base-sequence;
Reference to specific / complementary base-pairing;
2



(d)     Taking samples from animals causes stress / injury to animal;
Difficult to find animals;
Pandas are dangerous / threat to human;
max 2
[15]
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