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3DJH%WZR

6(&7,21-8-³-'$-PDUNV

$WWHPSW-$//-TXHVWLRQV

! 8H! 7KH!GLDJUDP!EHORZ!VKRZV!DQ!HQ]\PHQFDWDO\VHG!UHDFWLRQ!WDNLQJ!SODFH!LQ!WKH!SUHVHQFH!RI!DQ!
LQKLELWRU<
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:KLFK!OLQH!LQ!WKH!WDEOH!EHORZ!LGHQWLILHV!WKH!PROHFXOHV!LQ!WKH!UHDFWLRQ"

,QKLELWRU 6XEVWUDWH 3URGXFW

$ 3 5 6
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! 'H! $!SULPDU\!WUDQVFULSW!LV!D!VWUDQG!RI

$! 51$!FRPSULVLQJ!MXVW!H[RQV

%! '1$!FRPSULVLQJ!MXVW!H[RQV

&! 51$!FRPSULVLQJ!LQWURQV!DQG!H[RQV

'! '1$!FRPSULVLQJ!LQWURQV!DQG!H[RQV<



3DJH%WKUHH

! IH! 7KH!GLDJUDP!EHORZ!FDQ!EH!XVHG!WR!LGHQWLI\!DPLQR!DFLGV!FRGHG!IRU!E\!P51$!FRGRQV<
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3DJH%IRXU

! #H! 7KH!IROORZLQJ!DUH!GHVFULSWLRQV!RI!WKUHH!VLQJOH!JHQH!PXWDWLRQV<

'HVFULSWLRQ!2J!!H[RQQLQWURQ!FRGRQV!DUH!FUHDWHG!RU!GHVWUR\HG

'HVFULSWLRQ!ZJ!!RQH!DPLQR!DFLG!FRGRQ!LV!UHSODFHG!ZLWK!DQRWKHU

'HVFULSWLRQ!HJ!!RQH!DPLQR!DFLG!FRGRQ!LV!UHSODFHG!ZLWK!D!VWRS!FRGRQ

:KLFK!OLQH!LQ!WKH!WDEOH!EHORZ!PDWFKHV!WKH!GHVFULSWLRQV!ZLWK!WKH!FRUUHFW!JHQH!PXWDWLRQ"

*HQH%PXWDWLRQ

0LVVHQVH 1RQVHQVH 6SOLFH%VLWH
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! LH! '1$!SURILOLQJ!PD\!EH!XVHG!LQ!FULPLQDO!LQYHVWLJDWLRQV<

'XULQJ!WKLV!SURFHGXUH!'1$!LV!FXW!LQWR!IUDJPHQWV!E\!WZR!GLIIHUHQW!HQ]\PHV<!!(DFK!HQ]\PH!
FXWV!'1$!DW!D!VSHFLILF!SRLQW<
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:KLFK!OLQH!LQ!WKH!WDEOH!EHORZ!JLYHV!WKH!FRUUHFW!QXPEHU!RI!'1$!IUDJPHQWV!SURGXFHG!IURP!
WKLV!'1$!VWUDQG"
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3DJH%ILYH

! &H! 7KH!JUDSK!EHORZ!VKRZV!WKH!FKDQJHV!WR!WKH!FRQFHQWUDWLRQV!RI!VXEVWUDWH!DQG!SURGXFW!GXULQJ!
DQ!HQ]\PHQFRQWUROOHG!UHDFWLRQ<

FRQFHQWUDWLRQ!
RI!VXEVWUDWH!
DQG!SURGXFW

WLPH!`Va
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:KLFK!OLQH!LQ!WKH!WDEOH!EHORZ!LGHQWLILHV!WKH!VXEVWUDWHG!SURGXFW!DQG!WKH!FKDQJH!LQ!WKH!UDWH!
RI!WKH!UHDFWLRQ!GXULQJ!WKH!SURFHVV"

6XEVWUDWH 3URGXFW 5DWH%RI%UHDFWLRQ
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3DJH%VL[

! "H! 7KH! JUDSK! EHORZ! VKRZV! WKH! UDWH! RI! SRWDVVLXP!XSWDNH! DQG! JOXFRVH! EUHDNGRZQ! E\!PXVFOH!
WLVVXH!LQ!VROXWLRQV!RI!GLIIHUHQW!R[\JHQ!FRQFHQWUDWLRQV<
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+RZ!PXFK!JOXFRVH!LV!EURNHQ!GRZQ!SHU!PLQXWH!ZKHQ!WKH!R[\JHQ!FRQFHQWUDWLRQ!LV!2d"

$! Zf]!XQLWV

%! ! !^!XQLWV

&! !2K!XQLWV

'! !Z\!XQLWV

! MH! $!\K!J!VHUYLQJ!RI!D!EUHDNIDVW!FHUHDO!FRQWDLQV!Z!PJ!RI!LURQ<!!2QO\!Z]d!RI!WKLV!LURQ!LV!DEVRUEHG!
LQWR!WKH!EORRGVWUHDP<

,I!D!SUHJQDQW!ZRPDQ!UHTXLUHV!D!GDLO\!XSWDNH!RI!^!PJ!RI!LURQG!KRZ!PXFK!FHUHDO!ZRXOG!VKH!
KDYH!WR!HDW!HDFK!GD\!WR!PHHW!WKLV!UHTXLUHPHQW"
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3DJH%VHYHQ

! NH! 7KH!GLDJUDP!EHORZ!VKRZV!D!VHFWLRQ!WKURXJK!SDUW!RI!WKH!WHVWHV<
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:KLFK!FHOOV!SURGXFH!WHVWRVWHURQH"

!8$H! 7KH!WDEOH!EHORZ!VKRZV!VRPH!JHQRW\SHV!DQG!SKHQRW\SHV!DVVRFLDWHG!ZLWK!IRUPV!RI!VLFNOHQFHOO!
DQDHPLD<

*HQRW\SH 3KHQRW\SH

$$ XQDIIHFWHG

$6 VLFNOHQFHOO!WUDLW

66 DFXWH!VLFNOHQFHOO!DQDHPLD

$!ZRPDQ!ZLWK!VLFNOHQFHOO!WUDLW!DQG!DQ!XQDIIHFWHG!PDQ!KDYH!D!FKLOG!WRJHWKHU<

:KDW!DUH!WKH!FKDQFHV!WKDW!WKHLU!FKLOG!ZLOO!KDYH!DFXWH!VLFNOHQFHOO!DQDHPLD"
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3DJH%HLJKW

!88H! 7KH!HYHQWV!OHDGLQJ!WR!IRUPDWLRQ!RI!D!EORRG!FORW!DUH!OLVWHG!EHORZ<

2<! &ORWWLQJ!IDFWRUV!DUH!UHOHDVHG<
Z<! $Q!LQVROXEOH!PHVKZRUN!IRUPV<
H<! )LEULQRJHQ!LV!FRQYHUWHG!WR!ILEULQ<
\<! 3URWKURPELQ!LV!FRQYHUWHG!WR!WKURPELQ<

7KH!FRUUHFW!VHTXHQFH!RI!WKHVH!HYHQWV!LV

$! \G!ZG!HG!2

%! 2G!\G!HG!Z

&! 2G!HG!\G!Z

'! \G!HG!2G!Z

!8'H! :KLFK!RI! WKH! IROORZLQJ! VWDWHPHQWV!GHVFULEHV! WKH! UROH!RI! OLSRSURWHLQ! LQ! WKH! WUDQVSRUW!DQG!
HOLPLQDWLRQ!RI!H[FHVV!FKROHVWHURO"!

$! /RZ!GHQVLW\!OLSRSURWHLQ!WUDQVSRUWV!H[FHVV!FKROHVWHURO!IURP!WKH!OLYHU!WR!WKH!ERG\!FHOOV<

%! /RZ!GHQVLW\!OLSRSURWHLQ!WUDQVSRUWV!H[FHVV!FKROHVWHURO!IURP!WKH!ERG\!FHOOV!WR!WKH!OLYHU<

&! +LJK!GHQVLW\!OLSRSURWHLQ!WUDQVSRUWV!H[FHVV!FKROHVWHURO!IURP!WKH!OLYHU!WR!WKH!ERG\!FHOOV<

'! +LJK!GHQVLW\!OLSRSURWHLQ!WUDQVSRUWV!H[FHVV!FKROHVWHURO!IURP!WKH!ERG\!FHOOV!WR!WKH!OLYHU<

!8IH! :KLFK!RI!WKH!IROORZLQJ!GHVFULEHV!W\SLFDO!IHDWXUHV!RI!7\SH!2!GLDEHWHV"

)HDWXUH%RI%7\SH%=%GLDEHWHV

$ RFFXUV!LQ!FKLOGKRRG FHOOV!XQDEOH!WR!
SURGXFH!LQVXOLQ

% GHYHORSV!ODWHU!LQ!OLIH FHOOV!XQDEOH!WR!
SURGXFH!LQVXOLQ

& RFFXUV!LQ!FKLOGKRRG FHOOV!OHVV!VHQVLWLYH!WR!
LQVXOLQ

' GHYHORSV!ODWHU!LQ!OLIH FHOOV!OHVV!VHQVLWLYH!WR!
LQVXOLQ



3DJH%QLQH

!8#H! 7KH!IROORZLQJ!DUH!W\SHV!RI!QHXUDO!SDWKZD\V<

2<! 'LYHUJLQJ
Z<! &RQYHUJLQJ
H<! 5HYHUEHUDWLQJ

:KLFK! RI! WKHVH! SDWKZD\V! LQYROYH! QHUYH! LPSXOVHV! EHLQJ! VHQW! EDFN! WKURXJK! D! FLUFXLW! RI!
QHXURQV"
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'! 2G!Z!DQG!H

!8LH! $IWHU!GULQNLQJG!DOFRKRO!LV!UHPRYHG!IURP!WKH!EORRG!DW!D!FRQVWDQW!UDWH<

7KH! WDEOH! EHORZ! VKRZV! WKH! DYHUDJH! WLPH! LW! WDNHV! WR! UHPRYH! GLIIHUHQW! DOFRKRO!
FRQFHQWUDWLRQV!IURP!WKH!EORRG<
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7KH! OHJDO!PD[LPXP!EORRG!DOFRKRO! FRQFHQWUDWLRQ! IRU!GULYLQJ! LQ! VRPH! UHJLRQV!RI! WKH!8.! LV!
cK!PJg2KK!FPH<

3UHGLFW! KRZ! ORQJ! LW! ZRXOG! WDNH! EHIRUH! D! SHUVRQ! ZLWK! D! EORRG! DOFRKRO! FRQFHQWUDWLRQ! RI!
Z\K!PJg2KK!FPH!ZRXOG!OHJDOO\!EH!DEOH!WR!GULYH!LQ!WKHVH!UHJLRQV<
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3DJH%WHQ

!8&H! $!QXPEHU!RI!VWXGHQWV!ZHUH!WUDLQHG!WR!FDUU\!RXW!D!FRPSOH[!WDVN<!!6RPH!FRPSHWHG!ZLWK!RQH!
DQRWKHUG!RWKHUV!ZRUNHG!LQ!LVRODWLRQ<

7KH!JUDSK!EHORZ!VKRZV!WKH!QXPEHU!RI!HUURUV!UHFRUGHG!LQ!WKH!WUDLQLQJ!SURFHVV<
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'! DQWLJHQLF!YDULDWLRQ<



3DJH%HOHYHQ

!8MH! 7KH!JUDSK!EHORZ!VKRZV!WKH!DYHUDJH!JURZWK!UDWH!RI!ERG\!RUJDQV!LQ!PDOHV<
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:KDW!LV!WKH!UDWLR!RI!WRWDO!JURZWK!RI!EUDLQ!WR!VNHOHWRQ!LQ!DQ!c!\HDU!ROG!FKLOG"

$! 22!J!H

%! ! H!J!22

&! 2i!J!22

'! 22!J!2i

!8NH! )DLOXUH! LQ! UHJXODWLRQ! RI! WKH! LPPXQH! V\VWHP! OHDGLQJ! WR! DQ! DXWRLPPXQH!GLVHDVH! LV! FDXVHG!
E\!D

$! %!O\PSKRF\WH!LPPXQH!UHVSRQVH!WR!VHOI!DQWLJHQV<

%! 7!O\PSKRF\WH!LPPXQH!UHVSRQVH!WR!VHOI!DQWLJHQV<

&! %!O\PSKRF\WH!LPPXQH!UHVSRQVH!WR!IRUHLJQ!DQWLJHQV<

'! 7!O\PSKRF\WH!LPPXQH!UHVSRQVH!WR!IRUHLJQ!DQWLJHQV<
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3DJH%WZHOYH

!'$H! %ORRG! WHVWV! WR!PHDVXUH! WKH! QXPEHU! RI! ZKLWH! EORRG! FHOOV! `OHXFRF\WHVa! DUH! RIWHQ! XVHG! WR!
LQGLFDWH!LQIHFWLRQ!DQGgRU!LOOQHVV<

/HXFRSHQLDG! GXH! WR! VWDUYDWLRQ! RU!PDOQXWULWLRQG! LV! LQGLFDWHG! E\!ZKLWH! EORRG! FHOO! QXPEHUV!
GURSSLQJ!EHORZ!\! !2KigOLWUH<

/HXFRF\WRVLVG! GXH! WR! IHYHU! RU! WLVVXH! GDPDJHG! LV! LQGLFDWHG! E\! ZKLWH! EORRG! FHOO! QXPEHUV!
WHPSRUDULO\!LQFUHDVLQJ!WR!22! !2KigOLWUH<

/HXNDHPLDG!GXH!WR!'1$!GDPDJH!DQG!FHOO!GLYLVLRQG!LV!LQGLFDWHG!E\!ZKLWH!EORRG!FHOO!QXPEHUV!
SHUPDQHQWO\!LQFUHDVLQJ<

7KH!IROORZLQJ!JUDSKV!VKRZ!WKH!ZKLWH!EORRG!FHOO!FRXQW!RI!IRXU!SDWLHQWV!RYHU!ZK!ZHHNV<
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3DJH%VL[

6(&7,21-'-³-M$-PDUNV

$WWHPSW-$//-TXHVWLRQV

1RWH!WKDW!4XHVWLRQ!2\!FRQWDLQV!D!FKRLFH

! 8H! 7KH!GLDJUDP!EHORZ!UHSUHVHQWV!DQ!HPEU\R!LQ!WKH!HDUO\!VWDJHV!RI!GHYHORSPHQW!
DQG!LGHQWLILHV!WKH!LQQHU!FHOO!PDVV!ZKLFK!LV!PDGH!XS!RI!VWHP!FHOOV<

LQQHU!FHOO!PDVV

`Da! 6WDWH!RQH!IHDWXUH!RI!VWHP!FHOOV<

`Ea! 6WHP!FHOOV!DUH!DOVR!IRXQG!LQ!WLVVXHV!WKURXJKRXW!WKH!DGXOW!ERG\<

([SODLQ! KRZ! WKH! IXQFWLRQ! RI! WLVVXH! VWHP! FHOOV! GLIIHUV! IURP! WKDW! RI! WKH!
VWHP!FHOOV!IRXQG!LQ!WKH!LQQHU!FHOO!PDVV!RI!DQ!HPEU\R<
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8
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3DJH%VHYHQ

- 8H- ZFRQWLQXHG\

`Fa! 6WHP!FHOOV!KDYH!XVHV!LQ!ERWK!WKHUDS\!DQG!UHVHDUFK<

! ! `La! ,W! KDV! EHHQ! SURSRVHG! WKDW! WLVVXH! FHOOV! FRXOG! EH! XVHG! WR! UHSDLU!
VHYHUHO\!GDPDJHG!PXVFOH!WLVVXH<

6XJJHVW!KRZ!WKLV!PLJKW!EH!GRQH<

! ! `LLa! 6WDWH! KRZ! VWHP! FHOOV! FDQ! EH! XVHG! DV! PRGHO! FHOOV! LQ! PHGLFDO!
UHVHDUFK<
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0$5.6 '2!127!
:5,7(!,1!

7+,6!
0$5*,1

3DJH%HLJKW

! 'H! *O\FRJHQ! VWRUDJH! GLVHDVH! LV! DQ! LQKHULWHG! FRQGLWLRQ! LQ! ZKLFK! WKH! HQ]\PH!
JO\FRJHQ!V\QWKDVH!GRHV!QRW!IXQFWLRQ<

7KLV! HQ]\PH! QRUPDOO\! FDWDO\VHV! RQH! VWHS! LQ! WKH! FRQYHUVLRQ! RI! JOXFRVH! WR!
JO\FRJHQG!IRU!VWRUDJHG!DV!VKRZQ!LQ!WKH!GLDJUDP!EHORZ<

% HQ]\PH%=% HQ]\PH%>% JO\FRJHQ%V\QWKDVH

JOXFRVH! !FRPSRXQG!$! !FRPSRXQG!%! !JO\FRJHQ

`Da! 6WDWH! WKH! WHUP!ZKLFK! GHVFULEHV! D!PHWDEROLF! SDWKZD\! LQ! ZKLFK! VLPSOH!
PROHFXOHV!DUH!EXLOW!XS!LQWR!FRPSOH[!PROHFXOHV<

`Ea! `La! ! 'HVFULEH! KRZ! WKH! JHQHWLF! FRGH! IRU! JO\FRJHQ! V\QWKDVH! PLJKW! EH!
DOWHUHG!LQ!DQ!LQGLYLGXDO!ZLWK!WKH!GLVHDVH<

`LLa! ! ([SODLQ! ZK\! WKLV! DOWHUHG! JHQHWLF! FRGH! IDLOV! WR! SURGXFH! JO\FRJHQ!
V\QWKDVH<

`Fa! 6XJJHVW! ZK\! LQGLYLGXDOV! ZLWK! JO\FRJHQ! VWRUDJH! GLVHDVH! PLJKW! GHYHORS!
DEQRUPDOO\!ORZ!EORRG!JOXFRVH!OHYHOV!GXULQJ!H[HUFLVH<

`Ga! 2QH! IRUP! RI! JO\FRJHQ! VWRUDJH! GLVHDVH! LV! FDXVHG! E\! D! JHQH! ZKLFK! LV!
UHFHVVLYH!DQG!VH[QOLQNHG<

'HVFULEH! D! SDWWHUQ! RI! LQKHULWDQFHG! VKRZQ! E\! D! IDPLO\! KLVWRU\G! ZKLFK!
ZRXOG!LQGLFDWH!WKDW!WKH!FRQGLWLRQ!LV

UHFHVVLYH

VH[QOLQNHG
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3DJH%QLQH

! IH! 0RVW! VNLQ! FDQFHUV! DUH! FDXVHG!E\!RYHUH[SRVXUH! WR!XOWUDYLROHW! `89a! UDGLDWLRQ!
IURP!WKH!VXQ!RU!VXQEHGV<!!89!UDGLDWLRQ!GDPDJHV!WKH!'1$!LQ!VNLQ!FHOOV<!!&HOOV!
QRUPDOO\!UHSDLU!WKLV!GDPDJH!EXW!WKRVH!ZKLFK!FDQQRW!PD\!EHFRPH!FDQFHURXV<

$! VWXGHQW! GHVLJQHG! DQ! LQYHVWLJDWLRQ!ZKLFK! XVHG! 89QVHQVLWLYH! \HDVW! FHOOV! WR!
VKRZ!WKH!GDPDJLQJ!HIIHFW!RI!89!UDGLDWLRQ<!!7KHVH!\HDVW!FHOOV!FDQQRW!UHSDLU!
'1$!GDPDJH!DQG!GLH!DIWHU!H[SRVXUH!WR!89!UDGLDWLRQ<

$!VXVSHQVLRQ!RI!89QVHQVLWLYH!\HDVW!FHOOV!ZDV!DGGHG!WR!GLVKHV!ZKLFK!FRQWDLQHG!
D!JHO!WKDW!KDG!DOO!WKH!QXWULHQWV!WKH!\HDVW!QHHGHG!WR!JURZ<!!7KH!GLVKHV!ZHUH!
WKHQ!H[SRVHG!WR!89!UDGLDWLRQ!IRU!GLIIHUHQW!OHQJWKV!RI!WLPH<!!$IWHU!H[SRVXUHG!
WKH!GLVKHV!ZHUH!SODFHG!LQ!DQ!LQFXEDWRU!DQG!HDFK!RI!WKH!VXUYLYLQJ!\HDVW!FHOOV!
OHIW!WR!JURZ!LQWR!D!FRORQ\!RQ!WKH!JHO<!!7KH!QXPEHU!RI!WKHVH!FRORQLHV!ZDV!WKHQ!
FRXQWHG<

7KH!GLDJUDP!EHORZ!LOOXVWUDWHV!WKLV!SURFHGXUH<

89!ODPS

89!UDGLDWLRQ

VLGH!YLHZ!RI!GLVK

GLVK!OLG

\HDVW!VXVSHQVLRQ

QXWULHQW!JHO

VXUYLYLQJ!\HDVW!FRORQLHV

FHOO!JURZWK

WRS!YLHZ!RI!GLVK

`Da! /LVW! WZR! YDULDEOHV! ZKLFK! VKRXOG! EH! NHSW! FRQVWDQW! GXULQJ! WKLV!
LQYHVWLJDWLRQ<

2

Z

>7XUQ-RYHU
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3DJH%WHQ

- IH- ZFRQWLQXHG\

`Ea! 7KH!UHVXOWV!RI!WKH!LQYHVWLJDWLRQ!DUH!VKRZQ!LQ!7DEOH-8!EHORZ<

7DEOH-8!!³!<HDVW!JURZWK!DIWHU!H[SRVXUH!WR!89!UDGLDWLRQ

/HQJWK%RI%WLPH%RI%H[SRVXUH%`PLQXWHVa 1XPEHU%RI%\HDVW%FRORQLHV%JURZLQJ

2K ]c

ZK HZ

HK 2]

\K ! \

]K ! 2

^K ! K

`La! ! 3ORW!D!OLQH!JUDSK!WR!LOOXVWUDWH!WKH!UHVXOWV!RI!WKH!LQYHVWLJDWLRQ<

`$GGLWLRQDO!JUDSK!SDSHUG!LI!UHTXLUHG!FDQ!EH!IRXQG!RQ!3DJH%WKLUW\GRQHa

`LLa! ! 6WDWH!D!FRQFOXVLRQ!WKDW!FDQ!EH!GUDZQ!IURP!WKHVH!UHVXOWV<

`LLLa!! 6WDWH!KRZ!WKH!UHOLDELOLW\!RI!WKH!UHVXOWV! LQ!WKLV! LQYHVWLJDWLRQ!FRXOG!
EH!LPSURYHG<

'

8

8
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3DJH%HOHYHQ

- IH- ZFRQWLQXHG\

`Fa! 6XQVFUHHQV!ZRUN!E\!EORFNLQJ!89! UDGLDWLRQG!SUHYHQWLQJ! LW! IURP!HQWHULQJ!
VNLQ!FHOOV!DQG!FDXVLQJ!GDPDJH!WR!WKH!'1$G!ZKLFK!UHVXOWV!LQ!VXQEXUQ<

6XQVFUHHQV!DUH!ODEHOOHG!ZLWK!D!6XQ!3URWHFWLRQ!)DFWRU!`63)a<

:KHQ!D!VXQVFUHHQ!RI!63)!2]!LV!DSSOLHG!WR!WKH!VNLQG!LW!ZLOO!WDNH!2]!WLPHV!
ORQJHU!WR!EXUQ!FRPSDUHG!WR!KDYLQJ!QR!VXQVFUHHQ!DSSOLHG<

7KH!VWXGHQW!FDUULHG!RXW!D!VHFRQG!LQYHVWLJDWLRQ!XVLQJ!89QVHQVLWLYH!\HDVW<

7KH!GLVKHV!ZHUH!SUHSDUHG!DV!EHIRUH!EXW!WKLV!WLPH!WKH!OLGV!RI!WKH!GLVKHV!
ZHUH! FRDWHG!ZLWK! VXQVFUHHQ! RI! GLIIHUHQW! 63)V<! ! 7KH! GLVKHV!ZHUH! WKHQ!
H[SRVHG! WR! 89! UDGLDWLRQ! IRU! HK!PLQXWHV<! !$IWHU! H[SRVXUHG! ! WKH! GLVKHV!
ZHUH!SODFHG! LQ!DQ! LQFXEDWRU!DQG! WKH! VXUYLYLQJ!\HDVW! FHOOV! OHIW! WR!JURZ!
LQWR!FRORQLHV<!!7KH!UHVXOWV!DUH!VKRZQ!LQ!7DEOH-'!EHORZ<

7DEOH-'!!³!<HDVW!JURZWK!DIWHU!WKH!XVH!RI!VXQVFUHHQ!SURWHFWLRQ

6XQVFUHHQ%XVHG%WR%FRDW%OLG%`63)a 1XPEHU%RI%\HDVW%FRORQLHV%JURZLQJ

! ^ ZK

2] _Z

H] _\

]K _]

`La! ! 8VH! WKH! LQIRUPDWLRQ! IURP! 7DEOHV- 8- DQG- '! WR! FDOFXODWH! WKH!
SHUFHQWDJH! LQFUHDVH! LQ! \HDVW! FHOO! VXUYLYDO! ZKHQ! D! VXQVFUHHQ! RI!
63)!]K!LV!XVHG!WR!FRDW!WKH!OLG<

% % 6SDFH%IRU%FDOFXODWLRQ

d

`LLa! ! 2IILFLDO! KHDOWK! DGYLFH! UHFRPPHQGV! WKDW! SHRSOH! VKRXOG! XVH! D!
VXQVFUHHQ!RI!63)!2]!ZKHQ!VXQEDWKLQJ!IRU!HK!PLQXWHV<

6WDWH! KRZ! WKH! UHVXOWV! RI! WKLV! LQYHVWLJDWLRQ! VXSSRUW! WKLV!
UHFRPPHQGDWLRQ<

`LLLa!! ,I!VNLQ!VWDUWV!WR!EXUQ!DIWHU!2K!PLQXWHV!LQ!VWURQJ!VXQOLJKWG!FDOFXODWH!
IRU!KRZ!ORQJ!D!VXQVFUHHQ!RI!63)!H]!ZRXOG!SURWHFW!WKH!VNLQ<

% % 6SDFH%IRU%FDOFXODWLRQ

8

8

8
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3DJH%WZHOYH

! #H! 7KH! GLDJUDP! EHORZ! UHSUHVHQWV! WKUHH! FKHPLFDO! UHDFWLRQV! LQ! WKH! HQHUJ\!
LQYHVWPHQW!SKDVH!RI!JO\FRO\VLV<

IUXFWRVH!2G!
^QELSKRVSKDWH

IUXFWRVH!
^QSKRVSKDWH

JOXFRVH!
^QSKRVSKDWHJOXFRVH

$73 $73$'3 $'3

HQ]\PH%= HQ]\PH%> HQ]\PH%H

`Da! ,GHQWLI\! WKH! LQIRUPDWLRQG! VKRZQ! LQ- WKH- GLDJUDPG! ZKLFK! FRQILUPV! WKDW!
WKLV!LV!WKH!HQHUJ\!LQYHVWPHQW!SKDVH!RI!JO\FRO\VLV<

`Ea! (Q]\PH!2!LV!DFWLYDWHG!E\!WKH!ELQGLQJ!RI!PDJQHVLXP!LRQV<

6XJJHVW! KRZ! WKH!ELQGLQJ! RI! WKHVH! LRQV! OHDGV! WR! DQ! LQFUHDVH! LQ! HQ]\PH!
DFWLYLW\<

`Fa! &KRRVH! DQ! HQ]\PH! VKRZQ! LQ- WKH- GLDJUDP! ZKLFK! LV! FDWDO\VLQJ! D!
SKRVSKRU\ODWLRQ!UHDFWLRQ<

! &LUFOH! !RQH!HQ]\PH!³! ! ! (Q]\PH!2! ! ! (Q]\PH!Z! ! ! (Q]\PH!H

([SODLQ!ZKDW!LV!PHDQW!E\!SKRVSKRU\ODWLRQ<

`Ga! 7KH! FRQYHUVLRQ! RI! JOXFRVH! ^QSKRVSKDWH! WR! IUXFWRVH! ^QSKRVSKDWH! LV! D!
UHYHUVLEOH!UHDFWLRQ<

'HVFULEH! WKH! FLUFXPVWDQFHV! XQGHU!ZKLFK! WKLV! UHDFWLRQ!ZRXOG! JR! LQ! WKH!
RSSRVLWH!GLUHFWLRQ!WR!WKDW!VKRZQ!LQ!WKH!GLDJUDP<

`Ha! )ROORZLQJ!WKH!HQHUJ\!LQYHVWPHQW!SKDVHG!JO\FRO\VLV!HQWHUV!WKH!HQHUJ\!SD\!
RII!VWDJHG!GXULQJ!ZKLFK!$73!LV!SURGXFHG<

(Q]\PH!H!LV!SKRVSKRIUXFWRNLQDVH!ZKLFK!LV!LQKLELWHG!E\!D!EXLOGQXS!RI!$73<

([SODLQ!KRZ!WKLV!IHHGEDFN!PHFKDQLVP!FRQVHUYHV!WKH!FHOO·V!UHVRXUFHV<

8

8

8

8
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3DJH%WKLUWHHQ >7XUQ-RYHU

! LH! 0XVFOH!FHOOV!XWLOLVH!D!YDULHW\!RI!HQHUJ\!V\VWHPV!GXULQJ!VWUHQXRXV!DFWLYLW\<

`Da! &UHDWLQH!SKRVSKDWH!LV!IRXQG!LQ!PXVFOH!FHOOV<

`La! ! 'HVFULEH! KRZ! FUHDWLQH! SKRVSKDWH! VXSSRUWV! VWUHQXRXV! PXVFOH!
DFWLYLW\<

`LLa! ! ([SODLQ! ZK\! WKLV! VXSSRUW! LV! QRW! SURYLGHG! WR! VWUHQXRXV! DFWLYLWLHV!
EH\RQG!WKH!ILUVW!2K!VHFRQGV<

`Ea! 1DPH! WKH! VXEVWDQFH! ZKLFK! EXLOGV! XS! LQ! PXVFOH! FHOOV! DV! WKH\! EHFRPH!
IDWLJXHG<

`Fa! &KRRVH!D!VSRUWLQJ!DFWLYLW\!DQG!GHFLGH!ZKHWKHU!VORZ!WZLWFK!RU!IDVW!WZLWFK!
PXVFOH!ILEUHV!ZRXOG!EH!EHVW!VXLWHG!IRU!WKH!DFWLYLW\<

6SRUWLQJ!$FWLYLW\

6ORZ!WZLWFK! ! )DVW!WZLWFK!

*LYH!UHDVRQV!WR!MXVWLI\!\RXU!FKRLFH!RI!PXVFOH!ILEUH<

'

8

8
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3DJH%IRXUWHHQ

! ^<! &KRULRQLF! YLOOXV! VDPSOLQJ! `&96a! LV! D! WHFKQLTXH! ZKLFK! FDQ! EH! XVHG! GXULQJ!
DQWHQDWDO! VFUHHQLQJ<! ! 7KH! FHOOV! REWDLQHG! IURP! &96! DUH! XVHG! WR! SUHSDUH! D!
NDU\RW\SH<

`Da! 7KH! GLDJUDP! EHORZ! VKRZV! WKH! XWHUXV! RI! D! SUHJQDQW! ZRPDQ! ZLWK! D!
VHFWLRQ!RI!WKH!SODFHQWD!HQODUJHG<

PDWHUQDO!
WLVVXH

(QODUJHG-VHFWLRQ--

RI-SODFHQWD8WHUXV

SODFHQWD

IOXLG
IHWDO!
WLVVXH

`La! ! 3ODFH! D! FURVV! `;a! RQ! WKH! GLDJUDP! RI! WKH! HQODUJHG- VHFWLRQ- RI-
SODFHQWD!WR!LQGLFDWH!WKH!DUHD!IURP!ZKLFK!FHOOV!DUH!UHPRYHG!GXULQJ!
&96<

`LLa! ! 'HVFULEH!WKH!SURFHVV!E\!ZKLFK!D!NDU\RW\SH!LV!SURGXFHG!IURP!FHOOV!
UHPRYHG!GXULQJ!&96<

`LLLa!! 6XJJHVW! DQ! DGYDQWDJH! RI! XVLQJ! &96! UDWKHU! WKDQ! DPQLRFHQWHVLV!
GXULQJ!DQWHQDWDO!VFUHHQLQJ<

8

'
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3DJH%ILIWHHQ

- &H- ZFRQWLQXHG\

`Ea! 1DPH!WKH!W\SH!RI!DQWHQDWDO!VFUHHQLQJ!WHVWV!ZKLFK!DUH!URXWLQHO\!FDUULHG!
RXW!WR!PRQLWRU!WKH!FRQFHQWUDWLRQ!RI!FHUWDLQ!VXEVWDQFHVG!VXFK!DV!SURWHLQG!
LQ!D!SUHJQDQW!ZRPDQ·V!EORRG<

>7XUQ-RYHU

8
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3DJH%VL[WHHQ

! "H! 7KH! JUDSK! EHORZ! FRQWDLQV! LQIRUPDWLRQ! DERXW! WKH! ERG\!PDVV! LQGH[! `%0,a! RI!
6FRWWLVK!FKLOGUHQ!LQ!ZKKi<

H]

HK

Z]

ZK

2]

2K

]

K

6FRWWLVK!
FKLOGUHQ!

`da

� �î�� �î��� ��î���

DJH!`\HDUVa

025%,'/<!2%(6(!
%0,!DERYH!H]

2%(6(!
%0,!HK!WR!H\fi

29(5:(,*+7!
%0,!Z]!WR!Zifi

`Da! 6WDWH!WKH!SHUFHQWDJH!RI!FKLOGUHQ!DJHG!2Z!WR!2]!ZKR!KDG!D!%0,!RI!PRUH!
WKDQ!HK!LQ!ZKKi<

6SDFH%IRU%FDOFXODWLRQ

d

`Ea! 6XJJHVW! UHDVRQV! ZK\! WKH! SHUFHQWDJH! RI! REHVH! FKLOGUHQ! LQFUHDVHG!
EHWZHHQ!WKH!DJHV!RI!Z!DQG!2]<

8

8
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3DJH%VHYHQWHHQ

- "H- ZFRQWLQXHG\

`Fa! ([SODLQ!KRZ!%0,!LV!FDOFXODWHG<

`Ga! 6XJJHVW!KRZ!FKLOGUHQ!FRXOG!EH!HQFRXUDJHG!WR!PDLQWDLQ!D!KHDOWK\!%0,!E\!
XVH!RI!WKH!IROORZLQJ!SURFHVVHV<

,GHQWLILFDWLRQ

,QWHUQDOLVDWLRQ

>7XUQ-RYHU

8
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! MH! 7KH!KHDUW!UDWH!DQG!VWURNH!YROXPH!RI!D!\K!\HDU!ROG!F\FOLVW!ZHUH!PRQLWRUHG!DV!KH!XVHG!DQ!
H[HUFLVH!ELNH<

7KH!F\FOLVW!ZDV!WROG!WR!SHGDO!DW!D!FRQVWDQW!UDWH!DV!KLV!ZRUN!OHYHO!ZDV!JUDGXDOO\!UDLVHG!E\!
LQFUHDVLQJ!WKH!UHVLVWDQFH!WR!SHGDOOLQJ<

7KH!JUDSK!EHORZ!VKRZV!WKH!FKDQJHV!WKDW!RFFXUUHG! LQ!WKH!F\FOLVW·V!KHDUW! UDWH!DQG!VWURNH!
YROXPH!DW!VHYHQ!GLIIHUHQW!ZRUN!OHYHOV<

2cK

2_K

2^K

2]K

2\K

2HK

2ZK

22K

2KK

iK

cK

2_K

2^K

2]K

2\K

2HK

2ZK

22K

2KK

iK

cK

_K

+HDUW!
UDWH

`EHDWVg
PLQa

6WURNH
YROXPH
`FPña

:RUN!OHYHO!`XQLWVa

2 Z H \ ] ^ _

VWURNH!YROXPH!Q!YROXPH!RI!EORRG!SXPSHG!RXW!SHU!KHDUWEHDW

KHDUW!UDWH!Q!EHDWV!RI!KHDUW!SHU!PLQXWH!!

.(<
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3DJH%QLQHWHHQ

- MH- ZFRQWLQXHG\

`Da! 8VH!GDWD-IURP-WKH-JUDSK!WR!GHVFULEH!WKH!FKDQJHV!WKDW!RFFXUUHG!LQ!WKH!
F\FOLVW·V!VWURNH!YROXPH!ZKHQ!WKH!ZRUN!OHYHO!LQFUHDVHG!IURP!2!WR!_!XQLWV<

`Ea! 6WDWH! ZKDW! WKH! F\FOLVW·V! KHDUW! UDWH! ZDV! ZKHQ! KLV! VWURNH! YROXPH! ZDV!
2ZK!FPH<

6SDFH%IRU%FDOFXODWLRQ

EHDWVgPLQ

`Fa! &DUGLDF!RXWSXW!LV!WKH!YROXPH!RI!EORRG!OHDYLQJ!WKH!KHDUW!LQ!RQH!PLQXWH<!
,W!LV!FDOFXODWHG!XVLQJ!WKH!IRUPXOD!VKRZQ!EHORZ<

FDUGLDF!RXWSXW! !KHDUW!UDWH! !VWURNH!YROXPH

! &DOFXODWH!WKH!F\FOLVW·V!FDUGLDF!RXWSXW!ZKHQ!KLV!ZRUN!OHYHO!ZDV!^!XQLWV<

6SDFH%IRU%FDOFXODWLRQ

FPHgPLQ

>7XUQ-RYHU
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- MH- ZFRQWLQXHG\

`Ga! 7KH! WDEOH! EHORZ! VKRZV! WKH! UHFRPPHQGHG! PLQLPXP! KHDUW! UDWHV! WKDW!
F\FOLVWV!RI!GLIIHUHQW!DJHV!VKRXOG!PDLQWDLQ!LQ!RUGHU!WR!HLWKHU!PHWDEROLVH!
IDW!RU!LPSURYH!WKHLU!ILWQHVV<

$JH%
%

0LQLPXP%KHDUW%UDWH%IRU%
PHWDEROLVLQJ%IDW%

`EHDWVgPLQa

0LQLPXP%KHDUW%UDWH%IRU%
LPSURYLQJ%ILWQHVV%

`EHDWVgPLQa

2K 2H^ 2^c

ZK 2HK 2^K

HK 2ZH 2]Z

\K 22^ 2\\

]K 22K 2H^

^K 2K\ 2Zc

`La! ! 8VH! LQIRUPDWLRQ! IURP! WKH! WDEOH-DQG! WKH- JUDSK! WR! GHWHUPLQH! WKH!
ZRUN!OHYHO!WKDW!WKH!F\FOLVW!VKRXOG!PDLQWDLQ!LQ!RUGHU!WR!PHWDEROLVH!
IDW<

XQLWV

`LLa! ! 8VH!LQIRUPDWLRQ!IURP!WKH!WDEOH!WR!SUHGLFW!WKH!PLQLPXP!KHDUW!UDWH!
IRU!LPSURYLQJ!WKH!ILWQHVV!RI!D!_K!\HDU!ROG<

`LLLa!! $V!DQ!LQGLYLGXDO!JHWV!ROGHUG!WKHLU!PLQLPXP!KHDUW!UDWH!IRU!LPSURYLQJ!
ILWQHVV!GHFUHDVHV<

8VH! WKH! LQIRUPDWLRQ! IURP! WKH! WDEOH! WR! FDOFXODWH! WKH! SHUFHQWDJH!
GHFUHDVH!WKDW!RFFXUV!EHWZHHQ!WKH!DJHV!RI!2K!DQG!^K!\HDUV<

6SDFH%IRU%FDOFXODWLRQ

d

8

8

8
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3DJH%WZHQW\GRQH

! NH! 7KH! GLDJUDP! EHORZ! VKRZV! VRPH! QHUYH! FHOOV! LQYROYHG! LQ! D! QHXUDO! UHZDUG!
SDWKZD\<

YHVLFOH

PLWRFKRQGULD

GRSDPLQHLPSXOVHGRSDPLQH!
UHFHSWRU

GRSDPLQH!
UHQXSWDNH!
SURWHLQ

`Da! 8VLQJ!LQIRUPDWLRQ!IURP!WKH!GLDJUDPG!H[SODLQ!ZKDW!LV!PHDQW!E\!WKH!WHUP!
´VXPPDWLRQµ<

`Ea! 6XJJHVW!D!IXQFWLRQ!IRU!WKH!PLWRFKRQGULD!VKRZQ!LQ!WKH!GLDJUDP<

`Fa! &RFDLQH!LV!D!UHFUHDWLRQDO!GUXJ!WKDW!KDV!DQ!HIIHFW!DW!WKLV!V\QDSVH<

&RFDLQH! ELQGV! WR! WKH! GRSDPLQH! UHQXSWDNH! SURWHLQV<! ! $V! D! UHVXOWG! WKH!
UHZDUG!SDWKZD\!LV!VWLPXODWHG!IRU!ORQJHU<

6XJJHVW!KRZ!FRFDLQH!SURGXFHV!WKLV!HIIHFW<

8

8

'

>7XUQ-RYHU



�-���������

0$5.6 '2!127!
:5,7(!,1!

7+,6!
0$5*,1

3DJH%WZHQW\GWZR

!8$H! $!ELRORJ\!VWXGHQW!SURGXFHG!WKH!IROORZLQJ!GLDJUDP!DV!D!PHPRU\!DLG!WR!KHOS!
KHU!OHDUQ!DERXW!WUDQVSRUW!LQ!SODQWV<

3ODQW!7UDQVSRUW

;\OHP 3KORHP

! 7UDQVSRUWV! )URP! 'HDG! /LJQLQ! 7UDQVSRUWV! )URP! /LYLQJ! 6LHYH!
! ZDWHU! URRWV! WLVVXH! ZDOOV! VXJDU! OHDYHV! WLVVXH! WXEHV

`Da! ,Q!SURGXFLQJ!WKLV!GLDJUDP!WKH!VWXGHQW!XVHG!YDULRXV!PHWKRGV!WR!OHDUQ!WKH!
LQIRUPDWLRQ<

2WKHU! WKDQ! UHKHDUVDOG! QDPH! WZR! PHWKRGV! WKDW! VKH! XVHG! DQG! GHVFULEH!
KRZ! WKH\! KHOSHG! KHU! WUDQVIHU! WKH! LQIRUPDWLRQ! LQWR! KHU! ORQJQWHUP!
PHPRU\<

2! 0HWKRG

! 'HVFULSWLRQ

Z! 0HWKRG

! 'HVFULSWLRQ

`Ea! $Q\! LQIRUPDWLRQ! ZKLFK! LV! QRW! WUDQVIHUUHG! LQWR! ORQJQWHUP! PHPRU\! LV!
GLVSODFHG<!!([SODLQ!ZK\!GLVSODFHPHQW!RFFXUV<

`Fa! 7KH!VWXGHQW! LV! VWRULQJ!D! UHFRUG!RI! IDFWV!DV! VKH! OHDUQV!WKLV! LQIRUPDWLRQ<!!
6WDWH!WKH!SDUW!RI!WKH!EUDLQ!LQ!ZKLFK!VXFK!PHPRULHV!DUH!VWRUHG<

'

8

8
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3DJH%WZHQW\GWKUHH

-88H! 9DULRXV! W\SHV! RI!ZKLWH! EORRG! FHOO! DUH! LQYROYHG! LQ! WKH! QRQQVSHFLILF! LPPXQH!
UHVSRQVH<

`Da! 'HVFULEH! WKH! UROH! RI! HDFK! RI! WKH! IROORZLQJ! FHOOV! LQ! WKH! QRQQVSHFLILF!
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 1. If 10% of the bases in a molecule of DNA are adenine, what is the ratio of adenine to guanine 
in the same molecule?

A 1:1

B 1:2

C 1:3

D 1:4

 2. The following is a list of single gene mutations.

1  Nonsense

2  Missense

3  Frameshift

Which of these gene mutations is the result of a single-nucleotide substitution?

A 1 only

B 3 only

C 1 and 2 only

D 1, 2 and 3

 3. The diagram shows two chromosomes, M and N, before and after a chromosomal mutation.

gene x

M N

Before mutation

gene y gene y

M N

After mutation

gene x

What form of mutation has taken place?

A Translocation

B Duplication

C Insertion

D Deletion
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 4. Which of the following processes occurs during RNA splicing?

A Introns are added

B Exons are added

C Exons are removed

D Introns are removed

 5. Metabolic pathways can be controlled by feedback inhibition where

A an end product binds to an enzyme found at the start of the pathway

B an end product binds to an enzyme found at the end of the pathway

C an enzyme binds to a substrate found at the start of the pathway

D an enzyme binds to a substrate found at the end of the pathway.

 6. The diagram represents some of the processes that occur at the inner membrane of a 
mitochondrion.

NADH NAD

X

ATPPADP +

Z

W

inner 
membrane

matrix

Y

Which letter represents the flow of hydrogen ions through ATP synthase?

A W

B X

C Y

D Z

[Turn over
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 7. A function of the interstitial cells in the testes is to produce

A sperm

B testosterone

C seminal fluid

D follicle stimulating hormone (FSH).

 8. Nicotine is a chemical that may affect antenatal development.

The diagram shows the stages of development when major and minor malformations of 
organs may occur if there is exposure to nicotine.

Stage of development  
(weeks after fertilisation)

Ball of 
cells

Embryo  
(organ formation)

Fetus (organ growth  
and development)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

brain

ear

limbs

genitalia

Key
major malformation

minor malformation

For how many weeks during pregnancy is there a possibility of major malformations to 
organs during development?

A  6

B  7

C  9

D  13
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 9. A genetic disorder is caused by an autosomal dominant allele.

The diagram shows the inheritance of the disorder through three generations of a family.

Which individual confirms that this disorder is autosomal?

Parents

Grandchildren

A B C

D

Key

unaffected male affected male

unaffected female affected female

 10. The following procedures can be used in the treatment of infertility.

1 pre-implantation genetic diagnosis (PGD)

2 intracytoplasmic sperm injection (ICSI)

3 artificial insemination

Which of these procedures involve in vitro fertilisation (IVF)?

A 1 and 2 only

B 1 and 3 only

C 2 and 3 only

D 1, 2 and 3

[Turn over
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 11. Which of the following forms of contraception causes thickening of the cervical mucus?

A Mini-pill

B Barrier methods

C Morning-after pill

D Intra-uterine device

 12. The table contains information about four semen samples.

Which semen sample has the lowest number of active sperm?

Semen sample

A B C D

Number of sperm in sample (millions/cm3) 40 30 20 60

Active sperm (%) 50 60 75 40

Abnormal sperm (%) 30 65 10 70

 13. During antenatal screening, which two techniques can be used to obtain cells for production 
of a karyotype?

A Chorionic villus sampling (CVS) and amniocentesis

B Amniocentesis and pre-implantation genetic diagnosis (PGD)

C Intra-cytoplasmic sperm injection (ICSI) and chorionic villus sampling (CVS)

D Pre-implantation genetic diagnosis (PGD) and intra-cytoplasmic sperm injection (ICSI)
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 14. The duration of the stages in an individual’s cardiac cycle are shown in the table.

Stage Duration (s)

Diastole 0·4

Atrial systole 0·1

Ventricular systole 0·3

What is the heart rate of this individual?

A  48 beats per minute

B  75 beats per minute

C  80 beats per minute

D  150 beats per minute

 15. The diagram shows a cross-section of the heart.

P Q 

S R 

Which statement describes the movement of the valves during ventricular systole?

A  Valves P and Q open and valves R and S close.

B  Valves P and R open and valves Q and S close.

C  Valves P and Q close and valves R and S open.

D  Valves P and R close and valves Q and S open.

[Turn over
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 16. Which statement about lipoproteins is correct?

A Low density lipoproteins (LDLs) transport cholesterol from body cells to the heart.

B Low density lipoproteins (LDLs) transport cholesterol from body cells to the liver.

C High density lipoproteins (HDLs) transport cholesterol from body cells to the heart.

D High density lipoproteins (HDLs) transport cholesterol from body cells to the liver.

 17. The graphs contain information about the population of Britain.

annual 
death rate 

from coronary
heart disease
per 100 000

people

600

400

200

0
0 55-64

age
55-64

male males

2.5 2.50.5 0.50

0-4
5-9

10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79

01.5 1.51 12 2

femalesage

female

population size (millions)

Key

The number of British women between 55 and 64 years of age who die from coronary heart 
disease annually is

A  300

B  4500

C  9000

D  12 000.

 18. The conversion of information into a form that memory can process is called

A storage

B encoding

C retrieval

D rehearsal.
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 19. By calculating body mass index (BMI), it can be determined whether an individual is obese.

The table contains information about four individuals.

Individual Height (m) Mass (kg)

1 1·60  90

2 2·10 130

3 1·80 100

4 1·30  56

Which of these individuals would be classified as obese?

A 2 only

B 2 and 3 only

C 1, 3 and 4 only

D 1, 2, 3 and 4

 20. The diagram represents a neural pathway.

stimulus response

The type of pathway shown is a

A sensory neural pathway

B diverging neural pathway

C converging neural pathway

D reverberating neural pathway.

[Turn over
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 21. Which statement about the action of recreational drugs on brain neurochemistry is correct?

A Desensitisation results from an increase in the number of neurotransmitter receptors 
due to the use of drugs that are agonists.

B Desensitisation results from an increase in the number of neurotransmitter receptors 
due to the use of drugs that are antagonists.

C Sensitisation results from an increase in the number of neurotransmitter receptors due 
to the use of drugs that are agonists.

D Sensitisation results from an increase in the number of neurotransmitter receptors due 
to the use of drugs that are antagonists.

 22. Which of the following is not part of the inflammatory response?

A Vasodilation

B Release of histamine

C Production of antibodies

D Increased capillary permeability

 23. The diagram represents the production of a clonal population of lymphocytes.

X
non activated
lymphocytes

antigen

division of
cell Y

Y Z

The division of cell Y is stimulated by

A the presence of lymphocytes X and Z

B the presence of an antigen in the blood

C the binding of antibodies to receptors on the cell membrane

D the binding of antigens to receptors on the cell membrane.
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 24. Two groups of subjects were used when carrying out clinical trials of a vaccine.

One group was given the vaccine, while the other group was given a placebo.

The purpose of the placebo was to

A reduce experimental error

B ensure a valid comparison

C allow a statistical analysis of the results

D ensure that researchers are unaware who has been vaccinated.

 25. The table contains information about the number of influenza cases over five years.

Year Number of influenza 
cases in January

Number of influenza 
cases in July

2001  580 120

2002  620 345

2003 1200 350

2004  120 145

2005  400 100

Which of the following conclusions can be drawn from the data in the table?

A There are always more influenza cases in January than in July.

B The number of influenza cases decreased by 75% between January and July of 2005.

C The greatest percentage decrease in influenza cases occurred between January and 
July of 2003.

D The greatest percentage increase in influenza cases occurred between July 2002 and 
January 2003.

[END OF SPECIMEN QUESTION PAPER]
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 1. The human body contains many specialised cells, all of which have developed 

from embryonic stem cells.

nerve cells liver cells cardiac muscle cells

(a) Name the process by which a stem cell develops into a specialised body 

cell and explain how this process occurs.

Process

Explanation

(b) The nucleus of a germline stem cell divides twice during meiosis.

Describe what happens to chromosomes during each division.

First division

Second division

(c) A company has developed a drug that could be used to treat the symptoms 

of an inherited disease. Before proceeding to clinical trials using volunteers, 

the company decides to carry out additional tests in the laboratory using 

embryonic stem cells.

Suggest one ethical consideration that might have influenced this decision 

to use embryonic stem cells.

2

2

1
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 2. The diagram shows stages in the synthesis of a polypeptide.

stage 1

primary 
mRNA

transcript

chromosomal
DNA

mature
mRNA

transcript

synthesised
polypeptide

stage 2 stage 3

(a) Name the enzyme that catalyses stage 1 of this process.

(b) State the exact location within the cell where stage 3 occurs.

(c)  (i) Explain why the primary mRNA transcript is so much shorter than 

chromosomal DNA.

 (ii) Explain why the mature mRNA transcript is shorter than the primary 

mRNA transcript.

[Turn over
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 3. The graph shows how the temperature of a reaction tube is changed during 

one cycle of the polymerase chain reaction (PCR).

stage X stage Y stage Z

100

80

60

40

0 1 2 3 4 5

te
m

p
e
ra

tu
re

 (
°C

)

time (minutes)

(a) State the maximum change in temperature that the reaction tube 

experiences during one cycle of PCR.

°C

(b) State the function of PCR.

(c) Describe what happens to the DNA during stage X.

(d) Short sections of DNA called primers are involved in stage Y.

Describe what happens to these primers during stage Y.

1

1

1

1
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 3. (continued)

(e) Suggest why the temperature is increased during stage Z.

(f) A forensic scientist discovered a tiny spot of blood at a crime scene.

A sample taken from this spot contained 10 molecules of DNA.

The sample underwent PCR cycles for 30 minutes.

Use data from the graph to calculate how many molecules of DNA would 

be present after this time.

Space for calculation

molecules

[Turn over
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 4. An experiment was carried out to investigate the effect of substrate concentration 

on the production of an end-product in an enzyme controlled reaction.

The enzyme urease was used, which breaks down urea into ammonia.

urea  ammonia
urease

Urease and urea solutions were mixed together and added to test tubes 

containing agar jelly as shown in the diagram.

rubber stopper

urease and urea
solution

agar jelly
containing
indicator

Five different concentrations of urea solution were added.

During the reaction the ammonia produced diffused through the agar jelly, 

changing the indicator from yellow to blue.

The length of the agar jelly stained blue was measured after the experiment 

had been allowed to run for 48 hours.

The results of the experiment are shown in the table.

Urea concentration added 
(moles)

Average length of agar stained blue 
(mm)

0·03  2

0·06  4

0·13  8

0·25 16

0·50 32
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 4. (continued)

(a) Draw a line graph to show the results of the experiment.

(Additional graph paper, if required, can be found on page 27.)

(b)  (i) Name one variable that should be controlled when setting up this 

experiment.

 (ii) Name one variable that should be kept constant during the 48 hours 

of this experiment.

(c) Give the feature of this experiment that makes the results reliable.

(d) Explain why the test tubes were left for 48 hours before the results were 

obtained.

2

1

1

1

1

[Turn over
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 4. (continued)

(e) State one conclusion that can be drawn from the results of this experiment.

(f) Using the information in the table, predict the length of agar jelly that 

would have been stained blue if a 0·75 molar urea solution had been 

used in the experiment.

Space for calculation

mm

(g) Thiourea is a competitive inhibitor of urease.

In another experiment, a test tube of agar jelly was set up containing the 

urease solution, 0·5 molar urea solution and thiourea.

After 48 hours, only 7 mm of agar jelly had turned blue.

 (i) Explain why less agar jelly turned blue in this experiment than in 

the first experiment, which also used a 0·5 molar urea solution.

 (ii) Suggest why some agar jelly turned blue in this experiment.

1

1

1

1
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 5. The diagram represents the glycolysis stage of respiration in a muscle cell.

phase 1 phase 2
glucose pyruvateintermediate 

compounds

(a) Phase 1 is the energy investment stage of glycolysis while phase 2 is the 

energy pay-off stage of glycolysis.

Describe what happens during the energy investment and energy pay-off 

phases of glycolysis.

Energy investment phase

Energy pay-off phase

(b) Once pyruvate has been formed it can be converted into two different 

compounds, depending on the conditions.

Name one of these compounds and state under what conditions it would 

be produced.

Name

Conditions

(c) Most human muscle tissue contains a mixture of fast and slow twitch 

muscle fibres.

Complete the table to show differences between these two types of 

muscle fibre.

Fast twitch Slow twitch

Generation of ATP from glycolysis  

Major storage fuel fats

[Turn over
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 6. Sickle cell disease is an autosomal blood disorder in which a faulty form of 

haemoglobin, called haemoglobin S, is produced. This protein is an inefficient 

carrier of oxygen.

The allele for normal haemoglobin (H) is incompletely dominant to the allele 

for haemoglobin S (S).

Heterozygous individuals (HS) suffer from a milder condition called sickle cell 

trait.

The chart shows the incidence of these conditions in three generations of a 

family.

male with 
sickle cell trait

1 2

3 4

5

male with 
sickle cell disease
unaffected
female
female with 
sickle cell trait

Key

(a) State the genotype of individual 5.

(b) Individuals 3 and 4 go on to have a third child.

State the percentage chance that this child will have the same genotype 

as the parents.

Space for working

%

(c) Sickle cell disease is caused by a substitution mutation in the gene that 

codes for haemoglobin.

 (i) Describe how this form of mutation affects the structure of the 

gene.

 (ii) Explain how this might change the structure of a protein such as 

haemoglobin.

1

1

1

1
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6. (continued)

(d) During IVF treatment, it is possible to detect single gene disorders in 

fertilised eggs before they are implanted into the mother.

Give the term that describes this procedure.

(e) It has been discovered that the gene that codes for fetal haemoglobin is 

unaffected by the substitution mutation that causes sickle cell disease.

This gene is ‘switched off’ at birth.

Use this information to suggest how a drug designed to treat sickle cell 

disease in young children could function.

[Turn over
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 7. The graph shows how the plasma concentration of oestrogen and the thickness 

of the endometrium vary during a woman’s menstrual cycle.

p
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m

a
 c
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o
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o
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u
n
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s
)

time (days)
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k
n

e
s
s
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f 
e
n
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o
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e
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m

m
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oestrogen concentration

100 5
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2

1
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0

thickness of endometrium

Key

(a)  (i) State the plasma concentration of oestrogen on day 12 of this cycle.

units

 (ii) Describe how the pituitary gland stimulates the change in the plasma 

concentration of oestrogen between days 6 and 14.

1

2
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 7. (continued)

(b) Calculate the percentage increase in the thickness of the endometrium 

between day 6 and day 22.

Space for calculation

%

(c) Explain why the thickness of the endometrium decreases after day 22 of 

this cycle.

(d) Describe one way that ovulatory drugs stimulate ovulation.

[Turn over
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 8. The diagram represents a section through an artery.

lumen

elastic
tissue

muscle
tissue

X

(a) Name layer X.

(b) Describe how the presence of muscle tissue in the artery wall helps to 

control the flow of blood around the body.

(c) Describe how an atheroma forming under layer X may lead to the 

formation of a blood clot and state the possible effects of this.

1

1

5
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 9. The graph shows how an individual’s heart rate and stroke volume changed as 

their oxygen uptake increased during exercise.

Key

stroke volume
heart rate

heart rate
(beats per
minute)

stroke
volume
(cm3)

0 0.4 0.8 1.2

rate of oxygen uptake (litres/minute)

1.8 2.0 2.4

160

140

120

100

80

60

180

160

140

120

100

80

(a)  (i) State the individual’s heart rate when the rate of oxygen uptake was 

1·2 litres/minute.

 (ii) Using data from the graph, describe how the stroke volume changed 

as oxygen uptake increased.

 (iii) State the stroke volume when the heart rate was 110 beats per 

minute.

cm
3

[Turn over
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 9. (continued)

(b) Calculate the cardiac output when the rate of oxygen uptake was 2·4 litres 

per minute.

Space for calculation

litres/min

(c)  (i) When the individual’s blood pressure was measured an hour after 

exercise, a reading of 140/90 mmHg was recorded.

Describe what the first figure in a blood pressure reading represents.

 (ii) The individual was diagnosed as having high blood pressure.

One of the effects of this was that their ankles regularly swelled up 

due to a build-up of tissue fluid.

Suggest why there is a link between high blood pressure and the 

build-up of tissue fluid.

1

1

2
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 10. The graph shows changes in blood glucose concentration in a diabetic and a 

non-diabetic individual after each had consumed a glucose drink.

14

12

10

8

6

4

2

0
0 30 60

time (minutes)glucose drink
consumed

blood glucose
concentration
(m mol/litre)

individual A

individual B

normal blood glucose
concentration

90 120 150

(a)  (i) Describe how the graph indicates that individual B is not a diabetic.

 (ii) Use data from the graph to describe the changes that occur in the 

blood glucose concentration of individual A after consuming the 

glucose drink.

(b) Describe the role of insulin in the development of type 1 and type 2 

diabetes.

Type 1

Type 2

1

2

2
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 11. The graph shows data on obesity for a European country in 2003 and 2012.

frequency
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per 1000
people)
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Key

(a)  (i) Describe two general trends shown in the graph.

1

2

 (ii) In 2012 the number of people in this country aged 35 to 44 was 

6 million.

Calculate how many people aged 35 to 44 were obese.

Space for calculation

Number of people

(b) State one piece of advice that an obese individual would be given to 

adapt their diet or lifestyle in order to avoid long-term health problems.

2

1

1
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 12. An investigation was carried out into how the meaning of words affects the 

recall of lists from long-term memory.

Two groups of 20 people were each shown a list of five words and asked to 

study them for 30 seconds.

Group 1 was shown words that all had a similar meaning, while group 2 was 

shown words that had different meanings.

Words shown to group 1 — large, big, great, huge, wide.

Words shown to group 2 — late, cheap, rare, bright, rough.

After reading a book for an hour, the groups were asked to write down the 

words that were on their list.

The results of the investigation are shown in the table.

Group Meaning of 
words shown

Number of people 
who correctly 

recalled all the words

1 similar 11

2 different 17

(a) Describe two ways that the investigators could minimise variation between 

the two groups of people.

1

2

(b) Suggest why the groups were asked to read a book for an hour.

(c) State a conclusion that can be drawn from the results of the investigation.

[Turn over
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 13. The diagram shows how the immune system responds to polio viruses in a 

vaccine.

cell P

memory 

cellcell Q

polio 

viruses

antibodies

cell 

division

(a) Describe how a polio virus is able to attach to cell P.

(b) Name cell Q.

(c) Describe the role of memory cells in the immune system.

(d) Explain why vaccination against polio would not provide immunity against 

the influenza virus.

(e) Clinical trials of vaccines often use a double-blind protocol.

Describe what is meant by the term double-blind.

1

1

1

1

1
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 14. The graph shows the number of whooping cough cases over a 65 year period 

in a country.
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(a)  (i) Using information from the graph, state the year in which a vaccine 

for whooping cough was introduced.

 (ii) Suggest a reason for the unexpected increase in the number of 

cases of whooping cough in 1977.

(b) The number of cases of whooping cough decreases to a very low level 

after 2000 because of herd immunity.

Explain what is meant by the term ‘herd immunity’.

[Turn over

1

1

2



*S840760122*
page 22

MARKS DO NOT 
WRITE IN 

THIS 
MARGIN

 15. The following figures contain information about the causes of death and 

survival rates in two countries, A and B, in 2010.

heart disease
diseases 

of infancy 
(including
diarrhoeal 
diseases)

infectious
diseases

respiratory
diseases

cerebro-
vascular

cerebro-
vascular

accidents

Figure 1 - Causes of death in countries A and B during 2010
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Figure 2 - Percentage survival rates in countries A and B in 2010

Key

(a) Use information from Figure 2 to explain the lower incidence of heart 

disease in country B. 1



*S840760123*
page 23

MARKS DO NOT 
WRITE IN 

THIS 
MARGIN

 15. (continued)

(b)  (i) Calculate the percentage of the population of country A that die 

before the age of 10.

Space for calculation

%

 (ii) In 1950 three million babies were born in country B.

Calculate how many of these individuals were still alive in 2010, 

assuming no migration occurred.

Space for calculation

(c) Suggest one reason why a widespread vaccination programme against 

infectious diseases might not be possible in country B.

[Turn over
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 16. Pulmonary tuberculosis (TB) is an infectious disease of the lungs caused by a 

bacterium.

This bacterium can also damage other organs in the body. When this happens 

it is called non-pulmonary TB.

The table shows the number of reported cases of pulmonary and non-pulmonary 

TB in Scotland between 1981 and 2006.

Year Number of cases of 
pulmonary TB

Number of cases of 
non-pulmonary TB

1981 659 140

1986 500 178

1991 452  97

1996 408 102

2001 275 125

2006 255 153

(a)  (i) Calculate in which five year period the greatest decrease in the 

total number of cases of TB occurred.

Space for calculation

 (ii) Compare the trend in the number of cases of pulmonary TB with 

that of non-pulmonary TB between 1991 and 2006.

 (iii) Calculate, as a simple whole number ratio, the number of cases of 

pulmonary TB compared to non-pulmonary TB in 2001.

Space for calculation

:

pulmonary TB non-pulmonary TB

(b) Non-pulmonary TB is often associated with HIV infection.

Suggest a reason for this association.

1

1

1

1
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 17. Attempt either A or B. Write your answer in the space below and on page 26.

A  Describe the autonomic nervous system (ANS) and how it affects heart 

rate and digestive processes.

OR

B Describe how neurotransmitters relay impulses across the synapse.

You may use labelled diagrams where appropriate.

8

8

[Turn over


