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AD D IT IO N AL MAT ERIALS

In addition to this paper,  you will req uire a c alc ulator 
and a ruler.

IT EMS  IN C LU D ED  W IT H  Q U ES T IO N  P AP ER

A separate D iag ram B ooklet.

T he D iag ram B ooklet MU S T  be handed 
in to the inv ig ilators and sent for marking .

IN S T RU C T IO N S  T O  C AN D ID AT ES

U se blac k ink or blac k ball – point pen or your 
usual method. 

W rite your name,  c entre number and c andidate number 
in the spac es on the front c ov er. 

W rite your answers in the spac es prov ided. If you run 
out of spac e,  use the additional pag e( s)  at the bac k of 
this booklet,  taking  c are to number the q uestion( s)  
c orrec tly.
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IN F O RMAT IO N  F O R C AN D ID AT ES

T his paper is in 2  sec tions,  A and B .
S ec tion A:  7 0  marks. Answer ALL q uestions.
Y ou are adv ised to spend about 1  hour 35  minutes on 
this sec tion. 

S ec tion B :  2 0  marks;  O ptions. Answer 
O N E O P T I O N  O N LY . Y ou are adv ised to 
spend 2 5  minutes on this sec tion.

T he number of marks is g iv en in brac kets at the end of 
eac h q uestion or part – q uestion. 
T he assessment of the q uality of ex tended response 
( Q ER)  will take plac e in q uestion 6 . 
7KH�TXDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�ZLOO�DႇHFW�WKH�
awarding  of marks.
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S EC T IO N  A

Answer ALL q uestions.

1 . Refer to IMAGE 1 .1  in the separate D iag ram B ooklet. 
T he male reproduc tiv e system c onsists of a number 
of sex  org ans that play a role in the proc ess of human 
reproduc tion. T hese org ans are loc ated on the 
outside of the body and within the pelv is as 
shown in IMAGE 1 .1

( a) U sing  the numbers in IMAGE 1 .1 ,  identify the 
� � IROORZLQJ�VWUXFWXUHV�DQG�EULHÀ\�GHVFULEH� O N E
  func tion for eac h struc ture in T AB LE 1 .1  in 
  separate D iag ram B ooklet.
               [ 5  marks]

c ontinued on the nex t pag e . . .
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Q uestion 1  c ontinued

1 . ( b) C ompare the func tion of the urethra in males 
  and females.       

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
              [ 2  marks]

c ontinued on the nex t pag e . . .
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Q uestion 1  c ontinued

1 . ( c ) Refer to IMAGE 1 .2  in the separate D iag ram 

  B ooklet.
  ( i) N ame the c ells A,  B ,  C  and D  in IMAGE 1 .2

               [ 2  marks]

c ontinued on the nex t pag e . . .

C ells N ame

A

B

C

D
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Q uestion 1  ( c )  c ontinued 

1 . ( c ) ( ii) H ig h numbers of spermatozo a must be 
   c onstantly produc ed to ensure fertility. 
   U se your knowledg e of C ELL D IV I S I O N
   to ex plain why it is important that all
   type I spermatog onia do not bec ome 
   type II spermatog onia.

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
               [ 2  marks]

( T otal for Q uestion 1  =  1 1  marks)
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2 . Refer to IMAGE 2 .1  in the separate D iag ram B ooklet. 
Germination inv olv es the rapid onset of 
bioc hemic al ac tiv ity and g rowth of a seedling  until 
the plant c an c arry out photosynthesis and bec ome 
independent of the food stores c ontained in the 
c otyledons. IMAGE 2 .1  shows some stag es of a 
g erminating  pea plant ov er a 1 5 – day period.

( a) ( i) T he g erminating  pea seed labelled P
   in IMAGE 2 .1  was c ut open. T his is shown 
   in IMAGE 2 .2  in the separate 
   D iag ram B ooklet.

   AD D  LAB ELS  T O  LIN ES  A,  B  AN D  C
   to identify the C O T Y LED O N ,  P LU MU LE 
   AN D  RAD IC LE on IMAGE 2 .2

               [ 2  marks]

c ontinued on the nex t pag e . . .
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Q uestion 2  ( a)  c ontinued

2 . ( a) ( ii) S tate T W O  reasons why it is important that 
   the radic le emerg es prior to the plumule.

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 2  marks]

c ontinued on the nex t pag e . . .
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Q uestion 2  c ontinued

�� �E� %ULHÀ\�GHVFULEH�WKH�VWDJHV�RI�JHUPLQDWLRQ�LQ�
  a N O N – EN D O S P ERMIC  seed suc h as the pea.

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 3 marks]

c ontinued on the nex t pag e . . .
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Q uestion 2  c ontinued

2 . ( c ) Refer to IMAGE 2 .3 in the separate D iag ram 
  B ooklet. Gibberellin is req uired for maize  kernel 
  ( seed)  g ermination. It is bloc ked by another plant 
  hormone,  absc isic  ac id ( AB A)  whilst the kernel 
  is maturing  on the c ob. Mutant kernels whic h 
  c annot produc e AB A g erminate whilst still on 
  the c ob. T his is shown in IMAGE 2 .3  

  W ith referenc e to the func tion of 
  g ibberellin,  ex plain why the mutant kernels 
  g erminate c ausing  the appearanc e of the 
  c orn c ob in IMAGE 2 .3
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               [ 3 marks]

2 . ( d) Refer to T AB LE 2 .4 in the separate D iag ram 
  B ooklet. F ield trials were c arried out to 
� � LQYHVWLJDWH�WKH�HႇHFW�RI�LQFUHDVLQJ�VRLO�
  temperature on the av erag e number of wheat 
  plants that g row. T he results are shown in 
  T AB LE 2 .4
� � ,Q�HDFK�¿HOG��WKH�ZKHDW�JUDLQV�ZHUH�SODQWHG�DW�D�
  depth of 4 c m at a rate of 1 0 0  kg  per hec tare 
� � DQG�WKH�WHPSHUDWXUH�ZDV�PHDVXUHG�LQ�HDFK�¿HOG�
  at a depth of 5  c m.

c ontinued on the nex t pag e . . .
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Q uestion 2  ( d)  c ontinued

2 . ( d) ( i) O ne simple c onc lusion from this data is that 
   hig her soil temperatures reduc e the number 
   of mature wheat plants per sq uare metre. 
   S tate F O U R�RWKHU�IDFWRUV�WKDW�FRXOG�DႇHFW�
� � � WKH�JURZWK�DQG�VR�\RXU�FRQ¿GHQFH�LQ�WKLV�
   c onc lusion.

  I.                                                                                     
                                                                                       
  II.                                                                                     
                                                                                       
  III.                                                                                     
                                                                                       
  IV .                                                                                     
                                                                                       
               [ 2  marks]

c ontinued on the nex t pag e . . .
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Q uestion 2  ( d)  c ontinued 

2 . ( d) ( ii) Assuming  that this was a v alid c onc lusion,  
   state why the results of this researc h are of 
� � � VHULRXV�VLJQL¿FDQFH�WR�ZRUOGZLGH�ZKHDW�
   produc tion.

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 3 marks]

( T otal for Q uestion 2  =  1 5  marks)
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�� $Q�DUWL¿FLDO�JHQH�FRGLQJ�IRU�KXPDQ�JURZWK�KRUPRQH�
( H GH ) ,  was synthesised in a laboratory. 
T he synthesised g ene was used to g enetic ally modify 
E. C O LI bac teria,  whic h then produc ed H GH . 
T he synthesised H GH  was identic al to natural 
H GH  in size  and biolog ic al ac tiv ity. 

( a) T he human g enome proj ec t determined the base 
  pairs that make up human D N A. 
  Ex plain how the results from the human g enome 
  proj ec t hav e allowed the synthesis of the 
� � DUWL¿FLDO�JHQH�WR�EHFRPH�SRVVLEOH�

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                 [ 1  mark]

c ontinued on the nex t pag e . . .
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Q uestion 3 c ontinued

3. ( b) S tate T H REE�DGYDQWDJHV�RI�XVLQJ�DQ�DUWL¿FLDOO\�
  synthesised g ene rather than ex trac ting  the g ene 
  from the human g enome.

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 3 marks]

c ontinued on the nex t pag e . . .
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Q uestion 3 c ontinued

3. ( c ) Refer to IMAGE 3.1  in the separate D iag ram 
  B ooklet . T he plasmid used to g enetic ally modify 
  the E. C O LI is shown in IMAGE 3.1  It also shows 
  the positions of two antibiotic  resistanc e g enes 
  and the site of insertion of the H GH  g ene.

  N ame the T W O  types of enzy mes needed for the 
  suc c essful insertion of the human g rowth 
  hormone g ene and state their func tion 
  in the proc ess.

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 2  marks]

c ontinued on the nex t pag e . . .
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Q uestion 3 c ontinued

3. ( d) Refer to IMAGE 3.2  in the separate D iag ram 
  B ooklet. T o test that the plasmid has transferred 
  suc c essfully,  the bac teria were g rown on 
  separate ag ar plates c ontaining  the two 
  antibiotic s. T he bac teria were initially g rown on 
  ag ar c ontaining  tetrac yc line and the c olonies 
  were then transferred,  using  a replic a pad,  to 
  ag ar c ontaining  ampic illin as shown 
  in IMAGE 3.2

   ( i) Ex plain the need for P LAT E A in the proc ess.

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                 [ 1  mark]
c ontinued on the nex t pag e . . .
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Q uestion 3 ( d)  c ontinued

3. ( d) ( ii) Ex plain the results shown on P LAT E B .

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 3 marks]

c ontinued on the nex t pag e . . .
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Q uestion 3 ( d)  c ontinued 

3. ( d) ( iii) S ug g est O N E v ital property of the c ells on 
   P LAT E C �ZKLFK�ZRXOG�QHHG�WR�EH�FRQ¿UPHG�
   prior to their use in the produc tion of H GH .

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                 [ 1  mark]

c ontinued on the nex t pag e . . .
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Q uestion 3 c ontinued

3. ( e) Eac h E. C O LI c ell transformed with this 
  rec ombinant plasmid produc ed 2 • 9 ×  1 0 6

  molec ules of H GH . If there are 1  ×  1 0 8  bac teria 
  in the c ulture v essel,  c alc ulate the number of 
  H GH  molec ules being  produc ed by the c ells. 
  GIV E Y O U R AN S W ER IN  S T AN D ARD  F O RM.

  N umber of H GH  molec ules =                                     

               [ 2  marks]

( T otal for Q uestion 3 =  1 3 marks)
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4. Refer to the IMAGE 4.1  in the separate D iag ram 
B ooklet. B ones c an be preserv ed as fossils 
so researc h into ev olutionary patterns and proc esses 
c an inc lude ex tinc t v ertebrates. IMAGE 4.1  shows 
how the leg  bones of the modern horse hav e ev olv ed 
from a horse – like mammal ov er the last 
38  million years.

( a) Ex plain how the information in IMAGE 4.1  
  supports D arwin’ s theory of ev olution. 

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 3 marks]
c ontinued on the nex t pag e . . .
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Q uestion 4 c ontinued

4. ( b) Refer to IMAGES  4.2  and 4.3 in the separate 
  D iag ram B ooklet. Anc ient horses had many c oat 
  c olours. O ne type of g ene c ontrolling  depth of 
  c olour in horses is the dun allele ( D ) . 
  F or ex ample the bay horse in Imag e 4.2  
  is homozy g ous for the d allele but a horse is a 
  dun if it has at least one D  allele ( IMAGE 4.3) .  
        
c ontinued on the nex t pag e . . .
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Q uestion 4 ( b)  c ontinued

4. ( b) ( i) In a sample of 90 0  wild horses,   
   8 91  were dun and 9 were bay. 
   C alc ulate the freq uenc ies of the three 
   g enotypes within this population,  assuming  
   that the population is in H ardy – W einberg  
   eq uilibrium.

   p +  q  =  1

   p2 + 2 pq  +  q 2 =  1

   where
   p =  freq uenc y of the dominant allele ( D )
   q  =  freq uenc y of the rec essiv e allele ( d)

F req uenc y of dd =                                                     
F req uenc y of D D  =                                                      
F req uenc y of D d =                                                        
               [ 3 marks]
c ontinued on the nex t pag e...
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Q uestion 4 ( b)  c ontinued 

4. ( b) ( ii) T he population in ( b)  ( i)  c onsisted of 
   randomly mating  horses in semi – desert 
   c onditions. 
   U se all the information g iv en to g iv e T W O
   reasons why this population may not be in 
   H ardy – W einberg  eq uilibrium.

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 2  marks]

c ontinued on the nex t pag e . . .
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Q uestion 4 c ontinued

4. ( c ) Refer to IMAGES  4.4A and 4.4B  in the separate 
  D iag ram B ooklet. IMAGES  4.4A and 4.4B  show 
  photog raphs of a mule and a hinny. 

  Mules are c onsidered more patient,  hardy and 
  long – liv ed than horses and are desc ribed 
  as less obstinate and more intellig ent than 
  donkeys. T hey c an c arry heav y loads for long  
  distanc es so are an ideal pac k – animal.

  A mule is a hybrid resulting  from c rossing  a male 
  donkey ( E.AS IN U S )  with a female horse 
  ( E. C AB ALLU S ) . 

  ( i) Ex plain why a breeder would need to use a 
   donkey and a horse EAC H  T IME they wished 
   to produc e a mule.

                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                 [ 1  mark]

c ontinued on the nex t pag e . . .
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Q uestion 4 ( c )  c ontinued

4. ( c ) ( ii) T he opposite c ross ( a hinny)  c an also be 
   c arried out,  but it is done v ery rarely. 
   T he mother is the muc h smaller donkey 
   c ompared with the larg er horse mother in a 
   mule c ross. Ex plain why the mule c ross is 
   more suitable for a load – bearing  pac k 

   animal.

                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                 [ 1  mark]

( T otal for Q uestion 4 =  1 0  marks)
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5 . T here are many sex – linked g enetic  diseases in 
humans whic h c ause c hang es in phenotype.

X – linked inheritanc e means that the g ene is loc ated 
on the X  c hromosome.

X – OLQNHG�VHYHUH�FRPELQHG�LPPXQRGH¿FLHQF\�
( X – 6&,'��LV�D�UHFHVVLYH�LPPXQRGH¿FLHQF\�GLVRUGHU�
in whic h the body produc es v ery few lymphoc ytes.

c ontinued on the nex t pag e . . .
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Q uestion 5  c ontinued

5 . ( a) ( i) I. U se the symbols X D �IRU�XQDႇHFWHG�E\�
    X – S C ID  and X d�IRU�DႇHFWHG�E\�; – S C ID  
    to draw a g enetic  diag ram to show how 
� � � � SDUHQWV�ZKR�DUH�ERWK�XQDႇHFWHG�FDQ�
    produc e a son with X – S C ID .

3DUHQWDO�SKHQRW\SH�� XQDႇHFWHG�PDOH� × �XQDႇHFWHG�IHPDOH

P arental g enotypes                                                                

Gametes                                                                  

S pac e for g enetic  diag ram

               [ 2  marks]

c ontinued on the nex t pag e . . .
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Q uestion 5  ( a)  c ontinued

5 . ( a) II. C O MP LET E T H E T AB LE below linking  
   the F O U R�GLႇHUHQW�JHQRW\SHV�IURP�\RXU�
   g enetic  diag ram with their c orrec t 
   phenotype.

              [ 2  marks]

c ontinued on the nex t pag e . . .

2ႇVSULQJ�JHQRW\SH 2ႇVSULQJ�SKHQRW\SH
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Q uestion 5  ( a)  c ontinued

5 . ( a) ( ii) T he estimated U K  inc idenc e of X – S C ID  
   is 1  in 48 933 T he population of W ales 
   in 2 0 1 8  was 31 390 0 0
   C alc ulate the number of c ases of X – S C ID  
   that would hav e been ex pec ted in W ales 
   in 2 0 1 8
   GIV E Y O U R AN S W ER T O  AN  
   AP P RO P RIAT E N U MB ER O F  S IGN IF I C AN T
   F IGU RES .

N umber of c ases =                                                                  

                     [ 2  marks]
c ontinued on the nex t pag e . . .
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Q uestion 5  c ontinued

Refer to IMAGE 5 .1  in the separate D iag ram B ooklet.
T here are other mec hanisms,  suc h as epig enetic  
c hang es,  whic h c an alter the phenotype of 
org anisms. O ne ex ample is D N A methylation,  where a 
methylated promoter reg ion dec reases the 
ex pression of a g ene and demethylation inc reases 
the ex pression of a g ene. T his is shown in IMAGE 5 .1

Epig enetic  c ontrol mec hanisms c an be seen in c oat 
FRORXU�LQ�PLFH�ZKLFK�LV�LQÀXHQFHG�E\�WKH�QXWULWLRQ�RI�
the preg nant female. 

W hen the preg nant females are fed c ompounds suc h 
as B P A ( used in plastic  produc tion)  with their 
QRUPDO�GLHW��WKLV�FDQ�FDXVH�PRUH�\HOORZ�RႇVSULQJ�WR�
be born. W hen the preg nant females’  normal diets are 
supplemented with hig h folic  ac id,  more brown 
RႇVSULQJ�DUH�ERUQ��7KLV�LV�VXPPDULVHG�LQ�IMAGE 5 .2
in the separate D iag ram B ooklet.

c ontinued on the nex t pag e . . .
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Q uestion 5  c ontinued

:KHQ�PLFH�ZHUH�IHG�WKH�WZR�GLႇHUHQW�GLHWV��WKH�
following  results were obtained,  with rang es in c oat 
c olour as shown in IMAGE 5 .3 in the separate 
D iag ram B ooklet. T he number of eac h 
type of c oat c olour is shown in GRAP H  5 .4,  also in 
the separate D iag ram B ooklet.

5 . ( b) ( i) U sing  IMAGES  5 .1 ,  5 .2 ,  5 .3 and

    GRAP H ������H[SODLQ�WKH�HႇHFW�RI�WKH�

    T W O �GLႇHUHQW�VXSSOHPHQWV�RQ�JHQH�

    ex pression and c oat c olour in mic e.
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               [ 4 marks]

5 . ( b) ( ii) U se all of the information to sug g est how the 

� � � UHVXOWV�RI�WKLV�VWXG\�PLJKW�LQÀXHQFH�WKH�XVH�

   of B P A in the produc tion of food c ontainers 

   and pac kag ing .

                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                             
               [ 2  marks]

( T otal for Q uestion 5  =  1 2  marks)
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6 . Mutations in the D N A of an org anism may hav e 
D�SURIRXQG�HႇHFW�RQ�WKH�SKHQRW\SH��7KHUH�DUH�WZR�
main types of mutations;  g ene and c hromosome. 

Ex plain what is meant by the term mutation and 
desc ribe some fac tors whic h inc rease the rate 
of mutations. 

'HVFULEH�WKH�GLႇHUHQW�W\SHV�RI�JHQH�DQG�FKURPRVRPH�
mutations and,  using  suitable ex amples,  ex plain the 
GLႇHUHQW�HႇHFWV�WKDW�JHQH�DQG�FKURPRVRPH�
mutations may hav e on the phenotype.
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( T urn ov er)
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( T urn ov er)
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( T urn ov er)

                                                                                                                                                      
                                                                                                                                    
                                                                                                                                             
            [ 9 Q ER marks]

T otal for Q uestion 6  =  9 marks

T O T AL F O R S EC T I O N  A =  7 0  MARK S
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( T urn ov er)

S EC T I O N  B :  O P T I O N AL T O P I C S

O ption A: IMMU N O LO GY  AN D  D I S EAS E

O ption B : H U MAN  MU S C U LO S K ELET AL 
    AN AT O MY

O ption C : N EU RO B I O LO GY  AN D  
    B EH AV IO U R

Answer the q uestion on O N E T O P I C  O N LY .

P lac e a tic k ( ü )  in O N E of the box es abov e,  to show 
whic h topic  you are answering .

Y O U  ARE AD V I S ED  T O  S P EN D  AB O U T  
2 5  MIN U T ES  O N  T H I S  S EC T I O N .
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( T urn ov er)

O P T I O N  A:  IMMU N O LO GY  AN D  D I S EAS E

7 . T uberc ulosis ( T B )  is the leading  c ause of death by an 
infec tious disease worldwide.

( a)  ( i)  S tate why tuberc ulosis is c alled an 
   infec tious disease.

                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                       [ 1  mark]

  ( ii)  T o prev ent the spread of T B ,  the 
   B C G v ac c ination was introduc ed in 1 95 3
   for c hildren ag ed 1 0 – 1 4 years old. 
� � � 'H¿QH�WKH�WHUP�YDFFLQH�

                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                 [ 1  mark]

c ontinued on the nex t pag e . . .



44

( T urn ov er)

Q uestion 7  ( a)  c ontinued

7 . ( a) ( iii) Refer to IMAGE 7 .1  in the separate D iag ram 
   B ooklet. T he B C G v ac c ination is no long er 
   part of c hildhood immunisations. It is only 
� � � RႇHUHG�WR�WKRVH�ZKR�DUH�DW�KLJKHU�ULVN�RI�7%��
   for ex ample,  c hildren under 5  who liv e in an 
   area of the U K  with a hig h rate of T B ,  as in 
   some areas of London. IMAGE 7 .1  shows the 
� � � SRSXODWLRQ�GHQVLW\�RI�GLႇHUHQW�DUHDV�
   of London.

  U sing  the map in IMAGE 7 .1 ,  sug g est why 
   the T B  inc idenc e is so hig h in some 
   areas of London. 
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( T urn ov er)

                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                     [ 2  marks]

7 . ( b) Refer to GRAP H  7 .2   in the separate D iag ram 
  B ooklet. GRAP H  7 .2  shows the c onc entration of 
  antibodies released by the body following  a B C G 
  v ac c ination and then after ex posure to the liv e 
  infec tious mic ro – org anism,  
  MY C O B AC T ERIU M T U B ERC U LO S I S .

  T he B C G v ac c ine initiates an ac tiv e immune 
  response whic h leads to the produc tion of 
  antibodies by the patient.

  ( i)  D esc ribe and ex plain the shape of the part 
   of GRAP H  7 .2  whic h shows the primary 
   immune response. Q uestion 7  c ontinued
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( T urn ov er)

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
               [ 4 marks]

c ontinued on the nex t pag e . . .



47

( T urn ov er)

Q uestion 7  ( b)  c ontinued

7 . ( b) ( ii)  W ith referenc e to GRAP H  7 .2 ,  ex plain how 
   v ac c ination prev ents dev elopment of T B  
   when ex posed to M. T U B ERC U LO S I S .

                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 4 marks]
c ontinued on the nex t pag e . . .
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( T urn ov er)

Q uestion 7  c ontinued

7 . ( c ) Refer to GRAP H  7 .3 in the separate D iag ram 
  B ooklet. S inc e the 1 940 s,  antibiotic s hav e been 
  used to treat T B . GRAP H  7 .3 shows the c hang e 
  in the numbers of diag nosed T B  c ases in 
  Eng land and W ales from 1 940  to 2 0 1 5

c ontinued on the nex t pag e . . .



49

( T urn ov er)

Q uestion 7  ( c )  c ontinued

7 . ( c ) ( i) C alc ulate the perc entag e dec rease in 

   T B  I N C I D EN C E between 1 940  and 2 0 1 5

P erc entag e dec rease in inc idenc e of T B  =                         %
               [ 2  marks]   

c ontinued on the nex t pag e . . .



5 0

Q uestion 7  ( c )  c ontinued

MY C O B AC T ERIU M T U B ERC U LO S I S  c an dev elop 
into a dormant state,  referred to as latent T B . W hilst 
dormant,  M. T U B ERC U LO S I S  is resistant to 
antibiotic s. P atients with T B  rec eiv e a c ombination 
of antibiotic s to kill ac tiv e bac teria rapidly and to try
to prev ent latent T B .  

Refer to IMAGE 7 .4 in the separate D iag ram B ooklet.
T wo new treatments hav e been proposed to targ et 
dormant M. T U B ERC U LO S I S  to prev ent T B  rec urring  
in a patient. 

T REAT MEN T  1
U se of D RU G A to ac tiv ate the dormant bac teria as 
well as treating  with hig h doses of antibiotic s 
to kill all ac tiv ated bac teria.

T REAT MEN T  2  
U se of D RU G B  that will inhibit the ac tiv ation of any 
dormant bac teria while the drug  is present.

T hese treatments hav e been trialled in mic e as shown 
in IMAGE 7 .4

c ontinued on the nex t  pag e . . .
( T urn ov er)
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( T urn ov er)

Q uestion 7  ( c )  c ontinued

7 . ( c ) ( ii) C omplete T AB LE 7 .5  in the separate D iag ram 
   B ooklet by stating  O N E adv antag e and O N E
   disadv antag e for eac h of the treatments.
               [ 4 marks]

  ( d) T he methods of treating  T B  c an also be used 
   to treat malarial infec tions.
� � � ([SODLQ�ZK\�WKHVH�PHWKRGV�DUH�OHVV�HႇHFWLYH�
   when they are used in the treatment of 
   malarial infec tions.

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 2  marks]

T otal for Q uestion 7  =  2 0  marks
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( T urn ov er)

O P T I O N  B :  H U MAN  MU S C U LO S K ELET AL AN AT O MY

8 . T he human musc uloskeletal system is c omprised 
RI�D�QXPEHU�RI�GLႇHUHQW�WLVVXHV��LQFOXGLQJ�PXVFOH��
c artilag e and bone.

Refer to IMAGE 8 .1  in the separate D iag ram B ooklet.
IMAGE 8 .1  shows the struc ture and appearanc e of 
a sarc omere in relax ed,  striated musc le. It also shows 
WUDQVYHUVH�VHFWLRQV�RI�WKH�DFWLQ�DQG�P\RVLQ�¿ODPHQWV�
in the sarc omere.

( a) ( i) C O MP LET E T H E AP P EARAN C E of 
   transv erse S EC T I O N  3 shown on IMAGE 8 .1

                 [ 1  mark]  

c ontinued on the nex t pag e . . .
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( T urn ov er)

Q uestion 8  ( a)  c ontinued

8 . ( a) ( ii) D uring  c ontrac tion of the musc le,  the 
   sarc omere shortens. D esc ribe and ex plain 
   what happens to the H  zo ne and A band. 

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 4 marks]

c ontinued on the nex t pag e . . .
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( T urn ov er)

Q uestion 8  ( a)  c ontinued

8 . ( a) ( iii) W hen the sarc omere is c ontrac ted,  its leng th 
   is 1 • ��μP long .
   U se IMAGE 8 .1  to c alc ulate the perc entag e 
   dec rease in leng th when the sarc omere 
   c ontrac ts.

P erc entag e dec rease in leng th of sarc omere 

=                                        
                 [ 2  marks]

c ontinued on the nex t pag e . . .
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( T urn ov er)

Q uestion 8  ( a)  c ontinued 

8 . ( a) ( iv ) D esc ribe how the struc ture of ac tin allows 
   c ross bridg es to form during  c ontrac tion of 
   the musc le and ex plain why c ross bridg es 
   are unable to form in a resting  musc le.

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 2  marks]

c ontinued on the nex t pag e . . .
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( T urn ov er)

Q uestion 8  c ontinued

8 . ( b) C artilag e is c onnec tiv e tissue found in the 
  skeleton. T here are sev eral forms of c artilag e. 

  ( i) Ex plain how the struc ture of hyaline c artilag e 
   relates to its func tion in the skeleton. 

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 2  marks]

c ontinued on the nex t pag e . . .
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( T urn ov er)

Q uestion 8  ( b)  c ontinued

  Refer to IMAGE 8 .2  in the separate D iag ram   
  B ooklet. IMAGE 8 .2  shows a normal knee j oint 
� � DQG�D�MRLQW�DႇHFWHG�E\�UKHXPDWRLG�DUWKULWLV�

8 . ( b) ( ii) D esc ribe what is meant by rheumatoid 
   arthritis and name T W O  types of tissues 
� � � DႇHFWHG�E\�UKHXPDWRLG�DUWKULWLV�DV�VKRZQ�
   in IMAGE 8 .2

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 2  marks]

c ontinued on the nex t pag e . . .
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( T urn ov er)

Q uestion 8  c ontinued

8 . ( c )  Refer to IMAGE 8 .3 in the separate D iag ram 
  B ooklet. O steoporosis is a form of brittle bone 
  disease in humans. It is c aused by the loss of 
  c alc ium from the bones leading  to dec reased 
  bone density. IMAGE 8 .3 shows a c ross sec tion 
  of bone from a healthy patient,  and one from a 
� � SDWLHQW�VXႇHULQJ�IURP�RVWHRSRURVLV�

  ( i) U sing  IMAGE 8 .3 and your own knowledg e,  
� � � GHVFULEH�WKH�HႇHFW�RI�RVWHRSRURVLV�RQ�WKH�
   c omposition of the bones.  

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 2  marks]

c ontinued on the nex t pag e . . .
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( T urn ov er)

Q uestion 8  ( c )  c ontinued

Refer to T AB LE 8 .4 in the separate D iag ram B ooklet.
$PQLRWLF�ÀXLG�FRQWDLQV�D�IRUP�RI�VWHP�FHOO�WKDW�FDQ�
GLႇHUHQWLDWH�LQWR�RVWHREODVWV��5HVHDUFK�KDV�EHHQ�
FDUULHG�RXW�WR�DVVHVV�WKH�HႇHFWLYHQHVV�RI�VWHP�FHOOV
 in treating  osteog enesis imperfec ta ( O I)  in mic e.
T hree g roups of mic e were tested. T he treatment 
rec eiv ed by eac h g roup is shown in T AB LE 8 .4

T he results of the researc h are shown in 
GRAP H S  8 .5  and 8 .6  in the separate 
D iag ram B ooklet.

c ontinued on the nex t pag e . . .



6 0

Q uestion 8  ( c )  c ontinued

�� �F� �LL� 6XPPDULVH�WKH�HႇHFW�RI�VWHP�FHOO�WUHDWPHQW�
   in the ex perimental g roup C  in c omparison 
   to the healthy mic e ( A)  and the c ontrol 
   g roup ( B )  shown in GRAP H S  8 .5  AN D  8 .6

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 3 marks]

c ontinued on the nex t pag e . . .

( T urn ov er)
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Q uestion 8  ( c )  c ontinued

8 . ( c ) ( iii) T he use of human stem c ells is being  
   c onsidered for c linic al trials in humans to 
   treat osteoporosis. U sing  all of the 
   information prov ided,  sug g est how stem c ell 
   treatment c ould improv e the c ondition of 
   bones in osteoporosis patients.

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 2  marks]

T otal for Q uestion 8  =  2 0  marks

( T urn ov er)
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O P T I O N  C :  N EU RO B I O LO GY  AN D  B EH AV IO U R

9. P rairie dog s ( C Y N O MY S  LU D O V I C IAN U S )  are 
rodents,  nativ e to the g rasslands of N orth Americ a,  
whic h liv e in larg e c olonies. Members of a family 
g roup interac t throug h a v ariety of soc ial behav iours 
suc h as kissing  and g rooming  one another. 
IMAGE 9.1  in the separate D iag ram B ooklet,  shows 
prairie dog s sharing  a g reeting  kiss.

( a) P rairie dog s are said to demonstrate soc ial 
  behav iour.

� � �L� 'H¿QH�WKH�WHUP�VRFLDO�EHKDYLRXU�

                                                                                                                                                
                                                                                                                                                
                                                                                                                                               
                 [ 1  mark]

c ontinued on the nex t pag e . . .

( T urn ov er)
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Q uestion 9 ( a)  c ontinued

  P rairie dog s c ommunic ate with other members of 
� � WKH�FRORQ\�E\�PDNLQJ�GLႇHUHQW�VRXQGLQJ�EDUNV��
� � :KHQ�DQ�LQWUXGHU�DSSURDFKHV��WKH�¿UVW�SUDLULH���
  dog  g iv es a sharp bark,  bobs up and down,  barks 
  ag ain,  and then plung es into a burrow. O ther 
  lookouts further away repeat this behav iour 
  alerting  other members of the c olony along  the 
  route taken by the intruder.

9. ( a) ( ii) T he soc ial behav iour of ‘ barking  and 
� � � EREELQJ¶�LV�DQ�H[DPSOH�RI�D�¿[HG�DFWLRQ�
� � � SDWWHUQ��([SODLQ�KRZ�VXFK�D�¿[HG�DFWLRQ�
   pattern is g enerated and why it may be 
   adv antag eous to the animals within the 
   soc ial g roup. 

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             

( T urn ov er)



6 4

                                                                                                                                             
                                                                                                                                             
               [ 2  marks]

9. ( a) ( iii) S tate T W O �GLႇHUHQFHV�EHWZHHQ�D�¿[HG�
� � � DFWLRQ�SDWWHUQ�DQG�D�UHÀH[�DFWLRQ�

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 2  marks]

c ontinued on the nex t pag e . . .

( T urn ov er)
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Q uestion 9 c ontinued

9. ( b) S oc ial behav iour inv olv es a larg e number 
  of learnt responses. 

  Researc hers inv estig ated the behav iour of prairie 
  dog s in c olonies in C olorado. T hey were trying  to 
� � ¿QG�RXW�LI�SUDLULH�GRJV�EHFDPH�KDELWXDWHG�WR�WKH�
  arriv al of a human in their territory. 

� � �L� 'H¿QH�WKH�WHUP�KDELWXDWLRQ�DQG�H[SODLQ�ZK\�
   it is an adv antag e to the prairie dog s.

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 2  marks]

c ontinued on the nex t pag e . . .

( T urn ov er)
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Q uestion 9 ( b)  c ontinued

  T he researc hers selec ted two c olonies of 
  prairie dog s:  

  C olony A  F rom a rural area,  out of town,  and 
     not used to human presenc e.

  C olony B   F rom an urban area,  c lose to c ity 
     parks,  where the prairie dog s would 
     oc c asionally enc ounter humans.

  H umans slowly approac hed eac h c olony 1 0 0
  times ov er 2 0 0  days. T hey rec orded the 
  c onc ealment distanc e –  this is the distanc e from 
  the lookout animal to the human when the prairie 
  dog s went down into the burrows. T he 
  researc hers ex pec ted that the prairie dog s would 
  bec ome habituated to the presenc e of humans.
  Refer to GRAP H  9.2  in the separate D iag ram 

  B ooklet. T he results are shown in GRAP H  9.2

c ontinued on the nex t pag e . . .

( T urn ov er)



6 7

Q uestion 9 ( b)  c ontinued

9. ( b) ( ii) U sing  GRAP H  9.2 ,  c alc ulate the perc entag e 
   inc rease in c onc ealment distanc e for the 
   rural prairie dog s ov er the 2 0 0  days.

P erc entag e inc rease in c onc ealment distanc e 

=                                                             

                   [ 2  marks]

c ontinued on the nex t pag e . . .
( T urn ov er)
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Q uestion 9 ( b)  c ontinued

9. ( b) ( iii) U se the ev idenc e from GRAP H  9.2  to 
   c onc lude whether the researc hers’  
   ex pec tations were c orrec t.

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
               [ 3 marks]

c ontinued on the nex t pag e . . .

( T urn ov er)



6 9
Q uestion 9 c ontinued

9. ( c ) Refer to IMAGES  9.3 and 9.4 in the separate 
  D iag ram B ooklet. IMAGES  9.3 and 9.4 show fMRI 
  sc ans of two patients taken whilst c arrying  out 
  lang uag e skill tasks.

  ( i) S tate why an fMRI sc an was the most 
   suitable form of brain sc an to show where 
   the patients were proc essing  lang uag e.  

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                 [ 1  mark]

  ( ii) S ug g est the area of the brain where the   
   stroke took plac e and ex plain what has 
   happened in the brain of the stroke patient in 
   IMAGE 9.4 to ac c ount for the fMRI 
   sc an result. 

                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             

( T urn ov er)
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               [ 4 marks]

9. ( c ) ( iii) T he patient in IMAGE 9.4 reg ained all 
   aspec ts of lang uag e. Refer to IMAGE 9.5  in 
   the separate D iag ram B ooklet. IMAGE 9.5
   shows an fMRI sc an from a patient who had 
   a stroke as a mature adult. 

   U sing  IMAGE 9.5  and your own knowledg e,  
� � � H[SODLQ�ZK\�LW�ZRXOG�EH�PRUH�GLႈFXOW�IRU�WKLV�
   patient to fully reg ain all aspec ts of 
   lang uag e.

                                                                                                                                             
                                                                                                                                                

( T urn ov er)



7 1

                                                                                                                                             
                                                                                                                                             
                                                                                                                                                
                                                                                                                                             
                                                                                                                                             
                                                                                                                                             
                                                                                                                                             
               [ 3 marks]

T otal for Q uestion 9 =  2 0  marks

T O T AL F O R S EC T I O N  B  =  2 0  MARK S

EN D  O F  P AP ER 

T O T AL F O R P AP ER =  90  MARK S

( T urn ov er)
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( T urn ov er)

Q uestion 
N umber

Additional pag es,  if req uired. W rite the 
q uestion number( s)  in the left –  hand marg in.
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( T urn ov er)

Q uestion 
N umber

Additional pag es,  if req uired. W rite the 
q uestion number( s)  in the left –  hand marg in.
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Q uestion 
N umber

Additional pag es,  if req uired. W rite the 
q uestion number( s)  in the left –  hand marg in.
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9



Structure Number 
from IMAGE 1.1 Function

vas deferens

scrotum

testes

epididymis

prostate gland

TABLE 1.1



IMAGE 1 .2
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IMAGE 2 .1
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IMAGE 2.2
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IMAGE 2.3



Mean maximum soil temperature
( °C )

Number of mature wheat plants 
per m2

20 • 2 315 • 3

33 • 2 256 • 7

42 • 2 89 • 8

TABLE 2.4



ampicillin
resistance
gene

tetracycline
resistance
gene

site of insertion of 
HGH gene

IMAGE 3.1



IMAGE 3.2

PLATE A
master 

(tetracycline)
plate

PLATE B 
replica

(ampicillin)
plate

replica pad − cells stick to sterile velvet surface 

to pick up cells
1. press replica pad

2. press replica pad to
    deposit cells
    

missing colonies

3. identify the 
    missing colonies

4. transfer the identified
    colonies to another plate 

     − PLATE C

grid pattern of colonies
makes identification easier



IMAGE 4.1

EQUUS
Recent

MERYCHIPPUS
Middle Miocene
11 MYA

MESOHIPPUS
Late Eocene
38 MYA

MYA = Million Years ago



IMAGE 4.2 and IMAGE 4.3

IMAGE 4.2 Bay (dd) IMAGE 4.3 Dun (DD or Dd)



IMAGE 4.4A and IMAGE 4.4B 

IMAGE 4.4A − Mule IMAGE 4.4B − Hinny



IMAGE 5.1

promoter region
DNA

variable
methylation

region

agouti gene



IMAGE 5.2

normal diet 

folic acid
+

mRNA

agouti mRNA briefly made during development.
agouti gene silenced for the remainder

of the mouse ‘s life.

healthy mouse with brown fur.

fully methylated

agouti gene

agouti gene is continually active, producing
mRNA across the mouse ‘s lifespan.

mouse with yellow fur;
develops obesity and diabetes during adulthood.

demethylated

mRNA

normal diet 

BPA
+

agouti gene



b m y

Coat colour

IMAGE 5.3

Key:
b = brown
hb = heavily mottled
m = mottled
sm = slightly mottled
y = yellow

hm  sm



GRAPH 5.4
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IMAGE 7.1

Population density
(people per sq km)

10 000 or over

 5 000 – 9 999

 4 999 or under



GRAPH 7.2

Concentration 
of antibody 

Time

exposure to
MYCOBACTERIUM
TUBERCULOSIS

vaccination
against TB

primary immune
response

Secondary immune
response 



GRAPH 7.3

Number of cases of TB per 100 000 people
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IMAGE 7.4

Mice with dormant M. TUBERCULOSIS

dormant M. TUBERCULOSIS
still present

no M. TUBERCULOSIS

three months after
treatment stopped

TREATMENT 1
use of DRUG A
and antibiotics

TREATMENT 2
use of DRUG B

alone



Treatment Advantage Disadvantage

DRUG A and antibiotics

DRUG B alone

TABLE 7.5



IMAGE 8 .1

S ec tion 1
ac tin myosin

Z  line

H  zo ne

A band

sarc omere leng th =  3 • 5 μm

S ec tion 2 S ec tion 3

T ransv erse sec tions ac ross sarc omere



IMAGE 8 .2

normal knee j oint knee j oint with 
rheumatoid arthritis



IMAGE 8.3

NORMAL BONE

compact
bone

spongy
bone

compact
bone

spongy
bone

BONE WITH
OSTEOPOROSIS



Group of mice Osteogenesis imperfecta 
(OI) present

Received amniotic stem 
cells at birth

A – healthy mice No No

B – control group Yes No

C – experimental group Yes Yes

TABLE 8.4



GRAPH 8.5 and GRAPH 8.6 
Key:

Group A

Group B

Group C
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GRAPH 8.5

Tibia

10

30

20

40
Bone strength (arbitrary units)

Group

0

20

60

40

80

A B C

GRAPH 8.6

20

60

40

80



IMAGE 9.1 



GRAPH 9.2 
Key:
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IMAGE 9.3 and IMAGE 9.4

L R L R

IMAGE 9.3 IMAGE 9.4

fMRI taken from a healthy 
adult patient

fMRI taken from an adult patient
who had a stroke shortly after birth



IMAGE 9.5
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