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1 (a) parents, carriers / heterozygous ; 

child homozygous recessive ; 

¼ / 0.25 / 25%, chance ; 

mutation ; [3 max] 

 (b) (i) gene technology / genetic engineering / description ; [1] 

(ii) glucagon ; [1] 

(iii) low blood glucose concentration / during or after exercise ;       
R sugar [1] 

 (c) foreign / non-self / cell recognition ; 

stimulates immune response / AW ; [1 max] 

 (d) parental genotypes LMLN x LMLN

gametes  L   or   L  LM N M   or   LN ; 

parental genotypes and gametes for one mark

L L L L L L Loffspring genotypes 

offspring phenotypes

M M M N M N N NL     ; 

MM MN MN NN ; [3]

penalise once for omission of L 

 (e)  Canadian Inuit, allele frequencies / LMLN ratio, different from others ; 

high frequency of LM / low frequency of LN , compared to other 
populations ;   

R just highest  LM / lowest  LN

less outbreeding / more inbreeding ; 

AVP; e.g.  LM  has selective advantage in Inuit environment    [3 max] 

[Total: 13] 
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2 (a check column A and B for correct ref. to feature if not clear in first column e.g. gives
description

featureeature ph (A) plasma cell (B) 

rough endoplasmic 
reticulum / RER 

allow ER if rough / RER 
stated in next 
column(s)  R SER 

small quantity / AW 

A few, less 

large quantity / AW ; 

A many, more 

ribosomesibo

or 

ref. to free 

many ; 

or 

not free / fixed 

lysosomes some / present / � none / absent / x ; 

vacuoles / vesicles / 
phagosomes 

some / present / � none / absent / x ; 

nucleus lobed / AW  A irregular, not 
round 

R curved, elongated, no 
definite shape 

round / not lobed / not irregular 
/ AW ; 

A spherical, circular 

Golgi (body) absent / x present / � ; 

plasma / cell (surface), 
membrane 

with, endocytotic / pinocytotic / 
phagocytic / exocytotic,  
vesicles / vacuoles   

A  invaginations, infoldings   

R  indentations 

without, endocytotic / 
pinocytotic / phagocytic / 
exocytotic,  vesicles / vacuoles   

A no invaginations, no 
infoldings  

R no indentations 

mitochondria less / few / 3  more / many / 7 ; 

[3 max] 

(b) (to nearest whole number)   (x) 6000 ;;  A 5900 – 6100
allow 1 mark for correct working if answer incorrect / not to whole number
e.e.g. length of scale bar in mm × 1000, divide by actual si
60 mm × 1000 / 10         A 59 – 61 mm [2]
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(c) phagocyte
move to sites of infection ;
ingest / engulf / pseudopodia enveloping / phagocytosis of / endocytosis of, bacteria /

microbes / pathogens / AW ;   

[3 max] 

R antigens, virus   
(form) phagocytic / endocytotic, vacuoles ;  

A vesicles, phagosomes 
ref to lysosomes ; 
enzymes / named (hydrolytic) enzymes ; 
digest / hydrolyse, (bacteria / AW) ; 
antigen presentation / description ; 

plasma cell 
produce / secrete / release / synthesise , antibodies ;  A make 
into, plasma / tissue fluid / lymph ;  A blood 
antibodies are proteins ; 
ref to, RER / ribosomes ; 
specificity qualified e.g. of, antibodies / lymphocyte / plasma cell 

or description e.g. each type of plasma cell produces one type of antibody ; 
Golgi (body) packages antibodies / ref to formation of (Golgi) vesicles ; [3 max] 

(d) (bacteria likely to be) resistant to (at least) one antibiotic (so useless) ;
less likely to be resistant to all / chance that bacteria will develop resistance to all

antibiotics used is very small ; 
ref to mutation / change to DNA ; 

(bacteria are) inside cells where protected from antibiotics ; 
(mycobacteria) divide / grow, slowly ;  
ensures all bacteria killed / reduces below critical level ; 
otherwise, bacteria remain / reservoir of infection ; 
(so) prevents development of antibiotic resistance ; [4 max] 

[Total: 15] 
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