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(T urn ov er)

2
ADDI T I O N AL  M AT E RI AL S

I n ad d ition to th is p ap er,  you w ill req uire a 
calculator and  a ruler.

I T E M S  I N CL U DE D W I T H Q U E S T I O N  
PAPE R

A sep arate Diag ram Book let.

T h e Diag ram Book let M U S T  be h and ed  in 
to th e inv ig ilators and  sent f or mark ing .



(T urn ov er)

3
I N S T RU CT I O N S  T O  CAN DI DAT E S

U se black  ink  or black  ball – p oint p en or 
your usual meth od . 

W rite your name,  centre number and  
cand id ate number in th e sp aces on th e 
f ront cov er. 

W rite your answ ers in th e sp aces 
p rov id ed . I f  you run out of  sp ace,  use 
th e ad d itional p ag e(s) at th e back  of  th is 
book let,  tak ing  care to number th e 
q uestion(s) correctly.



(T urn ov er)

4
I N F O RM AT I O N  F O R CAN DI DAT E S

T h is p ap er is in 2 sections,  A and  B.
S ection A: 7 0 mark s. Answ er AL L  
q uestions. Y ou are ad v ised  to sp end  
about 1 h our 35 minutes on th is 
section. 

S ection B: 20 mark s;  O p tions. Answ er 
O N E  O PT I O N  O N L Y . Y ou are ad v ised  to 
sp end  25 minutes on th is section.

T h e number of  mark s is g iv en in brack ets 
at th e end  of  each  q uestion or 
p art – q uestion. 
T h e assessment of  th e q uality of  
ex tend ed  resp onse (Q E R) w ill tak e p lace 
in q uestion 6. T h e q uality of  w ritten 
FRPPXQLFDWLRQ�ZLOO�DႇHFW�WKH�DZDUGLQJ�RI�
mark s.



(T urn ov er)

5
S E CT I O N  A

Answ er AL L  q uestions.

1.  Ref er to I M AGE  1.1 in th e sep arate 
  Diag ram Book let. T h e male 
  rep rod uctiv e system consists of  a
  number of  sex  org ans th at p lay a 
  role in th e p rocess of  h uman 
  rep rod uction. T h ese org ans are 
  located  on th e outsid e of  th e bod y 
  and  w ith in th e p elv is as sh ow n in 
  I M AGE  1.1 

continued  on th e nex t p ag e . . .



(T urn ov er)

6
Q uestion 1 continued

1. (a) U sing  th e numbers in I M AGE  1.1,
    id entif y th e f ollow ing  structures 
� � � � DQG�EULHÀ\�GHVFULEH� O N E  f unction
    f or each  structure in T ABL E  1.1 
    in sep arate Diag ram Book let.

                     [ 5 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

7
Q uestion 1 continued

1.  (b) Comp are th e f unction of  th e 
    ureth ra in males and  f emales.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                      [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

8
Q uestion 1 continued

1. (c) Ref er to I M AGE  1.2 in th e 
    sep arate Diag ram Book let.
    (i) N ame th e cells A,  B,  C and  D
      in I M AGE  1.2

Cells N ame

A

B

C

D

                    [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

9
Q uestion 1 (c) continued  

1. (c) (ii) Hig h  numbers of  
      sp ermatozo a must be 
      constantly p rod uced  to 
      ensure f ertility. 
      U se your k now led g e of  CE L L
      DI V I S I O N  to ex p lain w h y it is
      imp ortant th at all typ e I  
      sp ermatog onia d o not 
      become typ e I I  
      sp ermatog onia.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

10
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                    [ 2 mark s]

(T otal f or Q uestion 1 =  11 mark s)



(T urn ov er)

11
2. Ref er to I M AGE  2.1 in th e sep arate 
  Diag ram Book let. Germination 
  inv olv es th e rap id  onset of  
  bioch emical activ ity and  g row th  of  
  a seed ling  until th e p lant can carry 
  out p h otosynth esis and  become 
  ind ep end ent of  th e f ood  stores 
  contained  in th e cotyled ons. 
  I M AGE  2.1 sh ow s some stag es of  a 
  g erminating  p ea p lant ov er a 15 – d ay 
  p eriod .

continued  on th e nex t p ag e . . .



(T urn ov er)

12
Q uestion 2 continued

2. (a) (i) T h e g erminating  p ea seed  
      labelled  P in I M AGE  2.1 w as 
      cut op en. T h is is sh ow n in 
      I M AGE  2.2 in th e sep arate 
      Diag ram Book let.

      ADD L ABE L S  T O  L I N E S  A,  
      B AN D C to id entif y th e 
      CO T Y L E DO N ,  PL U M U L E  
      AN D RADI CL E  on I M AGE  2.2

                    [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

13
Q uestion 2 (a) continued

2. (a) (ii) S tate T W O  reasons w h y it is 
      imp ortant th at th e rad icle 
      emerg es p rior to th e p lumule.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                 [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

14
Q uestion 2 continued

��� �E� %ULHÀ\�GHVFULEH�WKH�VWDJHV�
    of  g ermination in a 
    N O N – E N DO S PE RM I C seed  such  
    as th e p ea.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

15
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                    [ 3 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

16
Q uestion 2 continued

2. (c) Ref er to I M AGE  2.3 in th e 
    sep arate Diag ram Book let. 
    Gibberellin is req uired  f or maize  
    k ernel (seed ) g ermination. 
    I t is block ed  by anoth er p lant 
    h ormone,  abscisic acid  (ABA) 
    w h ilst th e k ernel is maturing  on 
    th e cob. M utant k ernels w h ich  
    cannot p rod uce ABA g erminate 
    w h ilst still on th e cob. T h is is 
    sh ow n in I M AGE  2.3   

continued  on th e nex t p ag e . . .



(T urn ov er)

17
Q uestion 2 (c) continued

    W ith  ref erence to th e f unction of  
    g ibberellin,  ex p lain w h y th e    
    mutant k ernels g erminate causing  
    th e ap p earance of  th e corn cob 
    in I M AGE  2.3

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

18
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                    [ 3 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

19
Q uestion 2 continued

2. (d ) Ref er to T ABL E  2.4 in th e 
    sep arate Diag ram Book let. 
    F ield  trials w ere carried  out to 
� � � � LQYHVWLJDWH�WKH�HႇHFW�RI�
    increasing  soil temp erature on 
    th e av erag e number of  w h eat 
    p lants th at g row . T h e results are 
    sh ow n in T ABL E  2.4 
� � � � ,Q�HDFK�¿HOG��WKH�ZKHDW�JUDLQV�� � �
    w ere p lanted  at at a d ep th of  4cm
    at a rate of  100 k g  p er h ectare    
    and  th e temp erature w as     
� � � � PHDVXUHG�LQ�HDFK�¿HOG�DW�D�
    d ep th  of  5cm.

continued  on th e nex t p ag e . . .



(T urn ov er)

20

Q uestion 2 (d ) continued

2. (d ) (i) O ne simp le conclusion f rom 
      th is d ata is th at h ig h er soil 
      temp eratures red uce th e 
      number of  mature w h eat 
      p lants p er sq uare metre. 
      S tate F O U R oth er f actors th at 
� � � � � � FRXOG�DႇHFW�WKH�JURZWK�DQG�
� � � � � � VR�\RXU�FRQ¿GHQFH�LQ�WKLV�
      conclusion.

      I .                                                                      

                                                                                           

                                                                                           

      I I .                                                                                     

                                                                                           



(T urn ov er)

21
                                                                                           
Q uestion 2 (d ) (i) continued

      I I I .                                                                                     

                                                                                         

                                                                                            

      I V .                                                                                     

                                                                                        

                                                                                        

                       [ 2 mark s]

2. (d ) (ii) Assuming  th at th is w as a 
      v alid  conclusion,  state w h y 
      th e results of  th is research  
� � � � � � DUH�RI�VHULRXV�VLJQL¿FDQFH�WR�
      w orld w id e w h eat p rod uction.

                                                                                                    



(T urn ov er)

22
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                    [ 3 mark s]

(T otal f or Q uestion 2 =  15 mark s)



(T urn ov er)

23
��� $Q�DUWL¿FLDO�JHQH�FRGLQJ�IRU�KXPDQ�
  g row th  h ormone (HGH),  w as 
  synth esised  in a laboratory. 
  T h e synth esised  g ene w as used  to 
  g enetically mod if y E . CO L I  bacteria,  
  w h ich  th en p rod uced  HGH. 
  T h e synth esised  HGH w as id entical 
  to natural HGH in size  and  biolog ical 
  activ ity. 

continued  on th e nex t p ag e . . .



(T urn ov er)

24
Q uestion 3 continued

3. (a) T h e h uman g enome p roj ect 
    d etermined  th e base p airs th at 
    mak e up  h uman DN A.  
    E x p lain h ow  th e results f rom th e 
    h uman g enome p roj ect h av e 
    allow ed  th e synth esis of  th e 
� � � � DUWL¿FLDO�JHQH�WR�EHFRPH�
    p ossible.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                      [ 1 mark ]
continued  on th e nex t p ag e . . .



(T urn ov er)

25
Q uestion 3 continued

3. (b) S tate T HRE E  ad v antag es of  using  
� � � � DQ�DUWL¿FLDOO\�V\QWKHVLVHG�JHQH�
    rath er th an ex tracting  th e g ene 
    f rom th e h uman g enome.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

26
                                                                                                    

                                                                                                    

                                                                                                    

                    [ 3 mark s]

continued  on th e nex t p ag e . . . 



(T urn ov er)

27
Q uestion 3 continued

3. (c) Ref er to I M AGE  3.1 in th e 
    sep arate Diag ram Book let. 
    T h e p lasmid  used  to g enetically 
    mod if y th e E . CO L I  is sh ow n in 
    I M AGE  3.1 I t also sh ow s th e 
    p ositions of  T W O  antibiotic 
    resistance g enes and  th e site of  
    insertion of  th e HGH g ene.

    N ame th e T W O  typ es of  enzy mes 
    need ed  f or th e successf ul 
    insertion of  th e h uman g row th  
    h ormone g ene and  state th eir 
    f unction in th e p rocess.

                                                                                                    

                                                                                                    



(T urn ov er)

28
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                    [ 2 mark s]

continued  on th e nex t p ag e . . . 



(T urn ov er)

29
Q uestion 3 continued

3. (d ) Ref er to I M AGE  3.2 in th e 
    sep arate Diag ram Book let. 
    T o test th at th e p lasmid  h as 
    transf erred  successf ully,  th e 
    bacteria w ere g row n on sep arate 
    ag ar p lates containing  th e tw o 
    antibiotics. T h e bacteria w ere 
    initially g row n on ag ar containing  
    tetracycline and  th e colonies 
    w ere th en transf erred ,  using  a 
    rep lica p ad ,  to ag ar containing  
    amp icillin as sh ow n in I M AGE  3.2

continued  on th e nex t p ag e . . .



(T urn ov er)

30
Q uestion 3 (d ) continued

3. (d ) (i) E x p lain th e need  f or PL AT E  A
      in th e p rocess.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                   [ 1 mark ]

    (ii) E x p lain th e results sh ow n 
      on PL AT E  B.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

31
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                    [ 3 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

32
Q uestion 3 (d ) continued  

3. (d ) (iii) S ug g est O N E  v ital p rop erty 
      of  th e cells on PL AT E  C
      w h ich  w ould  need  to be 
� � � � � � FRQ¿UPHG�SULRU�WR�WKHLU�XVH�LQ�
      th e p rod uction of  HGH.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                      [ 1 mark ]

continued  on th e nex t p ag e . . .



(T urn ov er)

33
Q uestion 3 continued

3. (e) E ach  E . CO L I  cell transf ormed  
    w ith  th is recombinant p lasmid  
    p rod uced  2 • 9 ×  106 molecules 
    of  HGH. I f  th ere are 1 ×  108

    bacteria in th e culture v essel,  
    calculate th e number of  HGH 
    molecules being  p rod uced  by 
    th e cells. GI V E  Y O U R AN S W E R 
    I N  S T AN DARD F O RM .
Answ er sp ace continues on th e nex t p ag e



(T urn ov er)

34
Q uestion 3 (e) continued

N umber of  HGH molecules =                                     

                    [ 2 mark s]

(T otal f or Q uestion 3 =  13 mark s)



(T urn ov er)

35
4. Ref er to th e I M AGE  4.1 in th e sep arate 
  Diag ram Book let. Bones can be 
  p reserv ed  as f ossils so research  into 
  ev olutionary p atterns and  p rocesses 
  can includ e ex tinct v ertebrates. 
  I M AGE  4.1 sh ow s h ow  th e leg  bones
  of  th e mod ern h orse h av e ev olv ed  
  f rom a h orse – lik e mammal ov er th e 
  last 38  million years.

  (a) E x p lain h ow  th e inf ormation in 
    I M AGE  4.1 sup p orts Darw in’ s 
    th eory of  ev olution. 

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

36
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                    [ 3 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

37
Q uestion 4 continued

4. (b) Ref er to I M AGE S  4.2 and  4.3 
    in th e sep arate Diag ram Book let. 
    Ancient h orses h ad  many coat 
    colours. O ne typ e of  g ene 
    controlling  d ep th  of  colour in 
    h orses is th e d un allele (D). 
    F or ex amp le th e bay h orse in 
    I M AGE  4.2 is h omozy g ous f or th e 
    d  allele but a h orse is a d un if  it 
    h as at least one D allele 
    (I M AGE  4.3).

continued  on th e nex t p ag e . . .



(T urn ov er)

38
Q uestion 4 (b) continued

4. (b) (i) I n a samp le of  900 w ild  
      h orses,  8 91 w ere d un and  9
      w ere bay. Calculate th e 
      f req uencies of  th e th ree 
      g enotyp es w ith in th is 
      p op ulation,  assuming  
      th at th e p op ulation is in 
      Hard y – W einberg  eq uilibrium.

continued  on th e nex t p ag e . . .



(T urn ov er)

39
Q uestion 4 (b) (i) continued

     p  +  q  =  1

      p 2 +  2p q  +  q 2 =  1

      w h ere
      p  =  f req uency of  th e 
          d ominant allele (D)
      q  =  f req uency of  th e 
          recessiv e allele (d )
Answ er sp ace continues on th e nex t p ag e



(T urn ov er)

40
Q uestion 4 (b) (i) continued

F req uency of  d d  =                                                      
F req uency of  DD =                                                      
F req uency of  Dd  =                                                         

                 [ 3 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

41
Q uestion 4 (b) continued  

4. (b) (ii) T h e p op ulation in (b) (i) 
      consisted  of  rand omly mating
      h orses in semi – d esert 
      cond itions.  
      U se all th e inf ormation g iv en 
      to g iv e T W O  reasons w h y 
      th is p op ulation may not be in 
      Hard y – W einberg  eq uilibrium.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

42
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                    [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

43
Q uestion 4 continued

4. (c) Ref er to I M AGE S  4.4A and  4.4B in 
    th e sep arate Diag ram Book let. 
    I M AGE S  4.4A and  4.4B sh ow  
    p h otog rap h s of  a mule and  a 
    h inny. 

    M ules are consid ered  more 
    p atient,  h ard y and  long – liv ed  
    th an h orses and  are d escribed  
    as less obstinate and  more 
    intellig ent th an d onk eys. 
    T h ey can carry h eav y load s 
    f or long  d istances so are an id eal 
    p ack – animal.

continued  on th e nex t p ag e . . .



(T urn ov er)

44
Q uestion 4 (c) continued

    A mule is a h ybrid  resulting  f rom 
    crossing  a male d onk ey 
    (E .AS I N U S ) w ith  a f emale h orse 
    (E . CABAL L U S ). 

    (i) E x p lain w h y a breed er w ould  
      need  to use a d onk ey and  a 
      h orse E ACH T I M E  th ey 
      w ish ed  to p rod uce a mule.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                      [ 1 mark ]

continued  on th e nex t p ag e . . .



(T urn ov er)

45
Q uestion 4 (c) continued

4. (c) (ii) T h e op p osite cross (a h inny) 
      can also be carried  out,  but it 
      is d one v ery rarely. T h e 
      moth er is th e much  smaller 
      d onk ey comp ared  w ith  th e 
      larg er h orse moth er in a mule 
      cross. E x p lain w h y th e mule 
      cross is more suitable f or a 
      load – bearing  p ack  animal.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                      [ 1 mark ]
(T otal f or Q uestion 4 =  10 mark s)



(T urn ov er)

46
5. T h ere are many sex – link ed  g enetic 
  d iseases in h umans w h ich  cause 
  ch ang es in p h enotyp e.

  X – link ed  inh eritance means th at th e 
  g ene is located  on th e X  ch romosome.

  X – link ed  sev ere combined  
� � LPPXQRGH¿FLHQF\��; – S CI D) is a 
� � UHFHVVLYH�LPPXQRGH¿FLHQF\�GLVRUGHU�
  in w h ich  th e bod y p rod uces v ery f ew  
  lymp h ocytes.

continued  on th e nex t p ag e . . .



(T urn ov er)

47
Q uestion 5 continued

5. (a) (i) I . U se th e symbols X D f or 
� � � � � � � XQDႇHFWHG�E\�; – S CI D and  
       X d �IRU�DႇHFWHG�E\�;�±�6&,'�
       to d raw  a g enetic d iag ram 
       to sh ow  h ow  p arents w h o 
� � � � � � � DUH�ERWK�XQDႇHFWHG�FDQ�
       p rod uce a son w ith  
       X – S CI D.
       Ref er to th e incomp lete 
       inf ormation f or 
       Q uestion 5 (a) (i) I  in th e 
       sep arate Diag ram Book let. 
       Comp lete th e inf ormation 
       to h elp  you w ith  your 
       g enetic d iag ram.

continued  on th e nex t p ag e . . . 



(T urn ov er)

48
Q uestion 5 (i) continued

S p ace f or g enetic d iag ram

                    [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

49
Q uestion 5 (a) (i) continued

5. (a) (i) I I . CO M PL E T E  T HE  T ABL E
        on th e nex t p ag e link ing  
        th e F O U R�GLႇHUHQW�
        g enotyp es f rom your 
        g enetic d iag ram w ith  
        th eir correct p h enotyp e.
S p ace f or w ork ing



(T urn ov er)

50
Q uestion 5 (a) (i) I I  continued

2ႇVSULQJ�JHQRW\SH 2ႇVSULQJ�SKHQRW\SH

                    [ 2 mark s]
continued  on th e nex t p ag e . . .



(T urn ov er)

51
Q uestion 5 (a) continued

5. (a) (ii) T h e estimated  U K incid ence 
      of  X  –  S CI D is 1 in 48 933 T h e 
      p op ulation of  W ales in 2018
      w as 3139000
      Calculate th e number of  
      cases of  X – S CI D th at w ould  
      h av e been ex p ected  in W ales 
      in 2018 . 
      GI V E  Y O U R AN S W E R T O  AN
      APPRO PRI AT E  N U M BE R O F  
      S I GN I F I CAN T F I GU RE S .
Answ er sp ace continues on th e nex t p ag e



(T urn ov er)

52
Q uestion 5 (a) (ii) continued

N umber of  cases =                                                                  

                         [ 2 mark s]
continued  on th e nex t p ag e . . .



(T urn ov er)

53
Q uestion 5 continued

Ref er to I M AGE  5.1 in th e sep arate 
Diag ram Book let. T h ere are oth er 
mech anisms,  such  as ep ig enetic 
ch ang es,  w h ich  can alter th e p h enotyp e 
of  org anisms. O ne ex amp le is DN A
meth ylation,  w h ere a meth ylated  
p romoter reg ion d ecreases th e 
ex p ression of  a g ene and  d emeth ylation 
increases th e ex p ression of  a g ene. 
T h is is sh ow n in I M AGE  5.1

E p ig enetic control mech anisms can be 
seen in coat colour in mice w h ich  is 
LQÀXHQFHG�E\�WKH�QXWULWLRQ�RI�WKH�
p reg nant f emale.

continued  on th e nex t p ag e . . .



(T urn ov er)

54
Q uestion 5 continued

W h en th e p reg nant f emales are f ed  
comp ound s such  as BPA (used  in 
p lastic p rod uction) w ith  th eir normal 
d iet,  th is can cause more yellow  
RႇVSULQJ�WR�EH�ERUQ��:KHQ�WKH�SUHJQDQW�
f emales’  normal d iets are sup p lemented  
w ith  h ig h  f olic acid ,  more brow n 
RႇVSULQJ�DUH�ERUQ��7KLV�LV�VXPPDULVHG�
in I M AGE  5.2 in th e sep arate 
Diag ram Book let.

continued  on th e nex t p ag e . . .



(T urn ov er)

55
Q uestion 5 continued

:KHQ�PLFH�ZHUH�IHG�WKH�WZR�GLႇHUHQW�
d iets,  th e f ollow ing  results w ere 
obtained ,  w ith  rang es in coat colour as 
sh ow n in I M AGE  5.3 in th e sep arate 
Diag ram Book let. T h e number of  each  
typ e of  coat colour is sh ow n in 
GRAPH 5.4,  also in th e sep arate 
Diag ram Book let.

continued  on th e nex t p ag e . . .



(T urn ov er)

56
Q uestion 5 continued

5.  (b) (i) U sing  I M AGE S  5.1,  5.2,  5.3 
      and  GRAPH 5.4,  ex p lain th e   
� � � � � � HႇHFW�RI�WKH� T W O �GLႇHUHQW��� �
      sup p lements on g ene     
      ex p ression and  coat colour 
      in mice.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

57
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                    [ 4 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

58
Q uestion 5 (b) continued

5.  (b) (ii) U se all of  th e inf ormation to 
      sug g est h ow  th e results of  
� � � � � � WKLV�VWXG\�PLJKW�LQÀXHQFH�WKH�
      use of  BPA in th e p rod uction 
      of  f ood  containers and  
      p ack ag ing .

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

59
                                                                                                    

                                                                                                    

                    [ 2 mark s]

(T otal f or Q uestion 5 =  12 mark s)



(T urn ov er)

60
6. M utations in th e DN A of  an org anism 
� � PD\�KDYH�D�SURIRXQG�HႇHFW�RQ�WKH�
  p h enotyp e. T h ere are tw o main typ es 
  of  mutations;  g ene and  ch romosome. 

  E x p lain w h at is meant by th e term 
  mutation and  d escribe some f actors 
  w h ich  increase th e rate of  mutations. 

� � 'HVFULEH�WKH�GLႇHUHQW�W\SHV�RI�JHQH�
  and  ch romosome mutations and ,  
  using  suitable ex amp les,  ex p lain th e 
� � GLႇHUHQW�HႇHFWV�WKDW�JHQH�DQG�
  ch romosome mutations may h av e on 
  th e p h enotyp e.

                                                                                                    

                                                                                                    



(T urn ov er)

61
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

62
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

63
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

64
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

65
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

66
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

67
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

68
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

69
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

7 0
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

7 1
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                [ 9 Q E R mark s]

(T otal f or Q uestion 6 =  9 mark s)

T O T AL  F O R S E CT I O N  A =  7 0 M ARKS



(T urn ov er)

7 2
S E CT I O N  B: O PT I O N AL  T O PI CS

O p tion A: I M M U N O L O GY  AN D 
      DI S E AS E

O p tion B: HU M AN  
      M U S CU L O S KE L E T AL
      AN AT O M Y

O p tion C: N E U RO BI O L O GY  AN D
      BE HAV I O U R

Answ er th e q uestion on O N E  T O PI C 
O N L Y .

Place a tick  (ü ) in O N E  of  th e box es 
abov e,  to sh ow  w h ich  top ic you are 
answ ering .
Y O U  ARE  ADV I S E D T O  S PE N D ABO U T  
25 M I N U T E S  O N  T HI S  S E CT I O N .



(T urn ov er)

7 3
O PT I O N  A: I M M U N O L O GY  AN D DI S E AS E

7 . T uberculosis (T B) is th e lead ing  cause 
  of  d eath  by an inf ectious d isease 
  w orld w id e.

  (a) (i) S tate w h y tuberculosis 
      iscalled an inf ectious d isease.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                      [ 1 mark ]

continued  on th e nex t p ag e . . .



(T urn ov er)

7 4
Q uestion 7  (a) continued

7 . (a) (ii) T o p rev ent th e sp read  of  T B,  
      th e BCG v accination w as 
      introd uced  in 1953 f or 
      ch ild ren ag ed  10 – 14 years 
� � � � � � ROG��'H¿QH�WKH�WHUP�YDFFLQH�

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                 [ 1 mark ]

continued  on th e nex t p ag e . . .



(T urn ov er)

7 5
Q uestion 7  (a) continued

7 . (a) (iii) Ref er to I M AGE  7 .1 in th e 
      sep arate Diag ram Book let. 
      T h e BCG v accination is no 
      long er p art of  ch ild h ood  
      immunisations. I t is only 
� � � � � � RႇHUHG�WR�WKRVH�ZKR�DUH�DW�
      h ig h er risk  of  T B;  f or 
      ex amp le,  ch ild ren und er 5
      w h o liv e in an area of  th e U K 
      w ith  a h ig h  rate of  T B,  as in 
      some areas of  L ond on. 
      I M AGE  7 .1 sh ow s th e 
      p op ulation d ensity of  
� � � � � � GLႇHUHQW�DUHDV�RI�/RQGRQ�

continued  on th e nex t p ag e . . .



(T urn ov er)

7 6
Q uestion 7  (a) (iii) continued  

     U sing  th e map  in I M AGE  7 .1,  
     sug g est w h y th e T B incid ence 
     is so h ig h  in some areas of  
     L ond on. 

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

7 7
                                                                                                    

                                                                                                    

                 [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

7 8
Q uestion 7  continued

7 . (b) Ref er to GRAPH 7 .2 in th e 
    sep arate Diag ram Book let. 
    GRAPH 7 .2 sh ow s th e 
    concentration of  antibod ies 
    released  by th e bod y f ollow ing  
    a BCG v accination and  th en af ter 
    ex p osure to th e liv e inf ectious 
    micro – org anism,  
    M Y CO BACT E RI U M
    T U BE RCU L O S I S .

continued  on th e nex t p ag e . . .



(T urn ov er)

7 9
Q uestion 7  (b) continued

    T h e BCG v accine initiates an 
    activ e immune resp onse w h ich  
    lead s to th e p rod uction of  
    antibod ies by th e p atient.

7 . (b) (i) Describe and  ex p lain th e 
      sh ap e of  th e p art of  
      GRAPH 7 .2 w h ich  sh ow s th e 
      p rimary immune resp onse.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

8 0
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

8 1
                                                                                                    

                                                                                                    

                 [ 4 mark s]

7 . (b) (ii) W ith  ref erence to GRAPH 7 .2,
     ex p lain h ow  v accination 

      p rev ents d ev elop ment of  T B 
      w h en ex p osed  to 
      M . T U BE RCU L O S I S .

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

8 2
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                 [ 4 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

8 3
Q uestion 7  continued

7 . (c) Ref er to GRAPH 7 .3 in th e 
    sep arate Diag ram Book let. S ince 
    th e 1940s,  antibiotics h av e been 
    used  to treat T B. GRAPH 7 .3 
    sh ow s th e ch ang e in th e numbers 
    of d iag nosed  T B cases in E ng land
    and  W ales f rom 1940 to 2015

continued  on th e nex t p ag e . . .



(T urn ov er)

8 4
Q uestion 7  (c) continued

7 . (c) (i) Calculate th e p ercentag e 
      d ecrease in T B I N CI DE N CE
      betw een 1940 and  2015

Percentag e d ecrease in incid ence of  

T B =                     %

                    [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

8 5
Q uestion 7  (c) continued

M Y CO BACT E RI U M  T U BE RCU L O S I S
can d ev elop  into a d ormant state,  
ref erred  to as latent T B. W h ilst d ormant,  
M . T U BE RCU L O S I S  is resistant to 
antibiotics. Patients w ith  T B receiv e a 
combination of  antibiotics to k ill activ e 
bacteria rap id ly and  to try to p rev ent 
latent T B.  

Ref er to I M AGE  7 .4 in th e sep arate 
Diag ram Book let. T w o new  treatments 
h av e been p rop osed  to targ et d ormant 
M . T U BE RCU L O S I S  to p rev ent T B 
recurring  in a p atient. 

continued  on th e nex t p ag e . . .



(T urn ov er)

8 6
Q uestion 7  (c) continued

T RE AT M E N T  1
U se of  DRU G A to activ ate th e d ormant 
bacteria as w ell as treating  w ith  h ig h  
d oses of  antibiotics to k ill all activ ated  
bacteria.

T RE AT M E N T  2
U se of  DRU G B th at w ill inh ibit th e 
activ ation of  any d ormant bacteria w h ile 
th e d rug  is p resent.

T h ese treatments h av e been trialled  in 
mice as sh ow n in I M AGE  7 .4

continued  on th e nex t  p ag e . . .



(T urn ov er)

8 7
Q uestion 7  (c) continued

7 . (c) (ii) Comp lete T ABL E  7 .5 in th e 
      sep arate Diag ram Book let by 
      stating  O N E  ad v antag e and  
      O N E  d isad v antag e f or each  
      of  th e treatments.
                    [ 4 mark s]

  (d ) T h e meth od s of  treating  T B can 
    also be used  to treat malarial 
    inf ections. E x p lain w h y th ese 
� � � � PHWKRGV�DUH�OHVV�HႇHFWLYH�ZKHQ�
    th ey are used  in th e treatment of  
    malarial inf ections.

                                                                                                    

                                                                                                    



(T urn ov er)

8 8
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                    [ 2 mark s]

(T otal f or Q uestion 7  =  20 mark s)



(T urn ov er)

8 9
O PT I O N  B: HU M AN  
M U S CU L O S KE L E T AL  AN AT O M Y

8 . T h e h uman musculosk eletal system is 
� � FRPSULVHG�RI�D�QXPEHU�RI�GLႇHUHQW�
  tissues,  includ ing  muscle,  cartilag e 
  and  bone.

  Ref er to I M AGE  8 .1 in th e sep arate 
  Diag ram Book let. I M AGE  8 .1 sh ow s 
  th e structure and  ap p earance of  a 
  sarcomere in relax ed ,  striated  muscle. 
  I t also sh ow s transv erse sections of  
� � WKH�DFWLQ�DQG�P\RVLQ�¿ODPHQWV�LQ�WKH�
  sarcomere.



(T urn ov er)

90
Q uestion 8  continued

8 .  (a) (i) CO M PL E T E  T HE  
      APPE ARAN CE  of  transv erse 
      S E CT I O N  3 sh ow n 
      on I M AGE  8 .1
                      [ 1 mark ]  

    (ii) During  contraction of  th e 
      muscle,  th e sarcomere 
      sh ortens. Describe and  
      ex p lain w h at h ap p ens to 
      th e H zo ne and  A band . 

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

91
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                 [ 4 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

92
Q uestion 8  (a) continued

8 . (a) (iii) W h en th e sarcomere is 
      contracted ,  its leng th  
      is 1 • ��μP long .  
      U se I M AGE  8 .1 to calculate 
      th e p ercentag e d ecrease in 
      leng th  w h en th e sarcomere 
      contracts.

Percentag e d ecrease in leng th  

of  sarcomere =                                                                          

                      [ 2 mark s]
continued  on th e nex t p ag e . . .



(T urn ov er)

93
Q uestion 8  (a) continued  

8 . (a) (iv ) Describe h ow  th e structure of  
      actin allow s cross brid g es to 
      f orm d uring  contraction of  
      th e muscle and  ex p lain w h y 
      cross brid g es are unable to 
      f orm in a resting  muscle.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

94
                                                                                                    

                                                                                                    

                 [ 2 mark s]

8 . (b) Cartilag e is connectiv e tissue 
    f ound  in th e sk eleton. T h ere are 
    sev eral f orms of  cartilag e. 

    (i) E x p lain h ow  th e structure of  
      h yaline cartilag e relates to its 
      f unction in th e sk eleton.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

95
                                                                                                    

                                                                                                    

                                                                                                    

                    [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

96
Q uestion 8  (b) continued

8 . (b) (ii) Ref er to I M AGE  8 .2 in th e 
      sep arate Diag ram Book let. 
      I M AGE  8 .2 sh ow s a normal 
� � � � � � NQHH�MRLQW�DQG�D�MRLQW�DႇHFWHG�
      by rh eumatoid  arth ritis.

      Describe w h at is meant by 
      rh eumatoid  arth ritis and  
      name T W O  typ es of  tissues 
� � � � � � DႇHFWHG�E\�UKHXPDWRLG�
      arth ritis as sh ow n 
      in I M AGE  8 .2

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

97
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                 [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

98
Q uestion 8  continued

8 . (c) Ref er to I M AGE  8 .3 in th e 
    sep arate Diag ram Book let. 
    O steop orosis is a f orm of  brittle 
    bone d isease in h umans.  
    I t is caused  by th e loss of  calcium 
    f rom th e bones lead ing  to 
    d ecreased  bone d ensity. 
    I M AGE  8 .3 sh ow s a cross section 
    of  bone f rom a h ealth y p atient,  
� � � � DQG�RQH�IURP�D�SDWLHQW�VXႇHULQJ�
    f rom osteop orosis.

continued  on th e nex t p ag e . . .



(T urn ov er)

99
Q uestion 8  (c) continued

8 . (c) (i) U sing  I M AGE  8 .3 and  your 
      ow n k now led g e,  d escribe th e 
� � � � � � HႇHFW�RI�RVWHRSRURVLV�RQ�WKH�
      comp osition of  th e bones.  

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    
                 [ 2 mark s]
continued  on th e nex t p ag e . . .



(T urn ov er)

100
Q uestion 8  (c) continued

Ref er to T ABL E  8 .4 in th e sep arate 
'LDJUDP�%RRNOHW��$PQLRWLF�ÀXLG�
contains a f orm of  stem cell th at can 
GLႇHUHQWLDWH�LQWR�RVWHREODVWV��5HVHDUFK�
h as been carried  out to assess th e 
HႇHFWLYHQHVV�RI�VWHP�FHOOV�LQ�WUHDWLQJ�
osteog enesis imp erf ecta (O I ) in mice.
T h ree g roup s of  mice w ere tested . 
T h e treatment receiv ed  by each  g roup  
is sh ow n in T ABL E  8 .4

T h e results of  th e research  are sh ow n in 
GRAPHS  8 .5 and  8 .6 in th e sep arate 
Diag ram Book let.

continued  on th e nex t p ag e . . .



(T urn ov er)

101
Q uestion 8  (c) continued

��� �F� �LL� 6XPPDULVH�WKH�HႇHFW�RI�VWHP�
      cell treatment in th e 
      ex p erimental g roup  C in 
      comp arison to th e h ealth y 
      mice (A) and  th e control 
      g roup  (B) sh ow n in 
      GRAPHS  8 .5 AN D 8 .6

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

102
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                 [ 3 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

103
Q uestion 8  (c) continued

8 . (c) (iii) T h e use of  h uman stem cells 
      is being  consid ered  f or 
      clinical trials in h umans to 
      treat osteop orosis. U sing  all 
      of  th e inf ormation p rov id ed ,  
      sug g est h ow  stem cell 
      treatment could  imp rov e th e 
      cond ition of  bones in 
      osteop orosis p atients.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

104
                                                                                                    

                                                                                                    

                                                                                                    

                    [ 2 mark s]

(T otal f or Q uestion 8  =  20 mark s)



(T urn ov er)

105
O PT I O N  C: N E U RO BI O L O GY  AN D 
       BE HAV I O U R

9. Prairie d og s (CY N O M Y S  
  L U DO V I CI AN U S ) are rod ents,  nativ e 
  to th e g rassland s of  N orth  America,  
  w h ich  liv e in larg e colonies. M embers 
  of  a f amily g roup  interact th roug h  a 
  v ariety of  social beh av iours such  as 
  k issing  and  g rooming  one anoth er. 
  I M AGE  9.1 in th e sep arate Diag ram 
  Book let,  sh ow s p rairie d og s sh aring  a 
  g reeting  k iss.

continued  on th e nex t p ag e . . .



(T urn ov er)

106
Q uestion 9 continued

9. (a) Prairie d og s are said  to
    d emonstrate social beh av iour.

� � � � �L�� 'H¿QH�WKH�WHUP�VRFLDO�
      beh av iour.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                 [ 1 mark ]

continued  on th e nex t p ag e . . .



(T urn ov er)

107
Q uestion 9 (a) continued

9. (a) (ii) Prairie d og s communicate 
      w ith  oth er members of  th e 
� � � � � � FRORQ\�E\�PDNLQJ�GLႇHUHQW�
      sound ing  bark s. W h en an 
� � � � � � LQWUXGHU�DSSURDFKHV��WKH�¿UVW�
      p rairie d og  g iv es a sh arp  
      bark ,  bobs up  and  d ow n,  
      bark s ag ain,  and  th en 
      p lung es into a burrow . O th er 
      look outs f urth er aw ay rep eat 
      th is beh av iour alerting  oth er 
      members of  th e colony along  
      th e route tak en by th e 
      intrud er.

continued  on th e nex t p ag e . . .



(T urn ov er)

108
Q uestion 9 (a) (ii) continued

      T h e social beh av iour of  
      ‘ bark ing  and  bobbing ’  is an 
� � � � � � H[DPSOH�RI�D�¿[HG�DFWLRQ�
      p attern. E x p lain h ow  such  
� � � � � � D�¿[HG�DFWLRQ�SDWWHUQ�LV�
      g enerated  and  w h y it may be 
      ad v antag eous to th e animals 
      w ith in th e social g roup . 

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

109
                                                                                                    

                                                                                                    

                 [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

110
Q uestion 9 (a) continued

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

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

111
                                                                                                    

                                                                                                    

                 [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

112
Q uestion 9 continued

9. (b) S ocial beh av iour inv olv es a larg e 
    number of  learnt resp onses. 

    Research ers inv estig ated  th e 
    beh av iour of  p rairie d og s in 
    colonies in Colorad o. T h ey w ere 
� � � � WU\LQJ�WR�¿QG�RXW�LI�SUDLULH�GRJV�
    became h abituated  to th e arriv al 
    of  a h uman in th eir territory. 

continued  on th e nex t p ag e . . .



(T urn ov er)

113
Q uestion 9 (b) continued

��� �E� �L�� 'H¿QH�WKH�WHUP�KDELWXDWLRQ�
      and  ex p lain w h y it is an 
      ad v antag e to th e p rairie d og s.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                 [ 2 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

114
Q uestion 9 (b) continued

    T h e research ers selected  tw o 
    colonies of  p rairie d og s: 

    Colony A  F rom a rural area,  
          out of  tow n,  and  not 
          used  to h uman 
          p resence.

    Colony B  F rom an urban area,  
          close to city p ark s,  
          w h ere th e p rairie 
          d og s w ould  
          occasionally 
          encounter h umans.

continued  on th e nex t p ag e . . .



(T urn ov er)

115
Q uestion 9 (b) continued

     Humans slow ly ap p roach ed    
     each  colony 100 times ov er 
     200 d ays. T h ey record ed  th e    
     concealment d istance – th is is   
     th e d istance f rom th e look out   
     animal to th e h uman w h en 
     th e p rairie d og s w ent d ow n into 
     th e burrow s. T h e research ers   
     ex p ected  th at th e p rairie d og s   
     w ould  become h abituated  to   
     th e p resence of  h umans. 
     Ref er to GRAPH 9.2 in th e 
     sep arate Diag ram Book let. 
     T h e results are sh ow n in    
     GRAPH 9.2

continued  on th e nex t p ag e . . .



(T urn ov er)

116
Q uestion 9 (b) continued

9. (b) (ii) U sing  GRAPH 9.2,  calculate 
      th e p ercentag e increase in 
      concealment d istance f or th e 
      rural p rairie d og s ov er 
      th e 200 d ays.

Percentag e increase in concealment 

d istance =                                                                                  

                    [ 2 mark s]
continued  on th e nex t p ag e . . .



(T urn ov er)

117
Q uestion 9 (b) continued

9. (b) (iii) U se th e ev id ence f rom 
      GRAPH 9.2 to conclud e 
      w h eth er th e research ers’  
      ex p ectations w ere correct.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



118

(T urn ov er)

                                                                                                    

                                                                                                    

                                                                                                    

                 [ 3 mark s]

9. (c) Ref er to I M AGE S  9.3 and  9.4 
    in th e sep arate Diag ram Book let. 
    I M AGE S  9.3 and  9.4 sh ow  f M RI  
    scans of  tw o p atients tak en w h ilst 
    carrying  out lang uag e sk ill task s.

continued  on th e nex t p ag e . . .



119

(T urn ov er)

Q uestion 9 (c) continued

9. (c) (i) S tate w h y an f M RI  scan w as 
      th e most suitable f orm of  
      brain scan to sh ow  w h ere 
      th e p atients w ere p rocessing  
      lang uag e.  

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                   [ 1 mark ]

continued  on th e nex t p ag e . . .



120
Q uestion 9 (c) continued

9.  (c) (ii) S ug g est th e area of  th e brain 
      w h ere th e strok e took  p lace
      and  ex p lain w h at h as     
      h ap p ened  in th e brain of  th e   
      strok e p atient in I M AGE  9.4   
      to account f or th e f M RI  
      scan result.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

(T urn ov er)



(T urn ov er)

121
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                 [ 4 mark s]

continued  on th e nex t p ag e . . .



(T urn ov er)

122
Q uestion 9 (c) continued

9. (c) (iii) T h e p atient in I M AGE  9.4 
      reg ained  all asp ects of  
      lang uag e. Ref er to I M AGE  9.5 
      in th e sep arate Diag ram 
      Book let. I M AGE  9.5 sh ow s an 
      f M RI  scan f rom a p atient w h o 
      h ad  a strok e as a mature 
      ad ult. 

continued  on th e nex t p ag e . . .



(T urn ov er)

123
Q uestion 9 (c) (iii) continued

      U sing  I M AGE  9.5 and  your 
      ow n k now led g e,  ex p lain w h y 
� � � � � � LW�ZRXOG�EH�PRUH�GLႈFXOW�IRU�
      th is p atient to f ully reg ain all 
      asp ects of  lang uag e.

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    



(T urn ov er)

124
                                                                                                    

                                                                                                    

                                                                                                    

                                                                                                    

                    [ 3 mark s]

(T otal f or Q uestion 9 =  20 mark s)

T O T AL  F O R S E CT I O N  B =  20 M ARKS

E N D O F  PAPE R 
T O T AL  F O R PAPE R =  90 M ARKS



(T urn ov er)

125

Q uestion 
N umber

Ad d itional p ag es,  if  req uired . 
W rite th e q uestion number(s) 

in th e lef t – h and  marg in.

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    



(T urn ov er)

126

Q uestion 
N umber

Ad d itional p ag es,  if  req uired . 
W rite th e q uestion number(s) 

in th e lef t – h and  marg in.

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    

                                                    



127

Q uestion 
N umber

Ad d itional p ag es,  if  req uired . 
W rite th e q uestion number(s) 

in th e lef t – h and  marg in.
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IMAGE 1 .1

1

3

5
6
7
8
9

2

4



Structure Number 
from IMAGE 1.1 Function

vas deferens

scrotum

testes

epididymis

prostate gland

TABLE 1.1



I M AGE  1.2

A

T Y PE  I  
S PE RM AT O GO N I A

T Y PE  I I  
S PE RM AT O GO N I A

B

C

D

re     enter cell cycle



IMAGE 2 .1

D ay 1 D ay 1 5
P



IMAGE 2.2

A
B

C



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 − Mule IMAGE 4.4B − Hinny

IMAGE 4.4A and IMAGE 4.4B 



Parental p h enotyp e   unaf f ected  male  ×   unaf f ected  f emale

Parental g enotyp es 

Gametes

    Q uestion 5 (a) (i) I .

I ncomp lete inf ormation 



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

hm sm

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



GRAPH 5.4

40

30

20

10

40

30

20

10

0 brown heavily
mottled

mottled slightly
mottled

yellow

Offspring phenotype (%)

Coat colour

 Key:
normal diet + folic acid
normal diet + BPA



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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0
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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



I M AGE  8 .1

S ection 1
actin myosin

Z  line

H zo ne

A band

sarcomere leng th  =  3 • 5μm

S ection 2 S ection 3
T ransv erse sections across sarcomere



I M AGE  8 .2

normal k nee j oint k nee j oint w ith  
rh eumatoid  arth ritis



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

0

10

30

20

40

Humerus

Bone fracture rate (%)

Femur
Bone

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:

Concealment Distance (m)
60 

50 

40 

30 

20 

10 

0 

60 

50 

40 

30 

20 

10 

Days
0 50 100 150 200 

colony A   rural 
colony B   urban 



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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