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$V�D�ILODPHQWRXV�IXQJXV��1HXURVSRUD�FUDVVD�VHUYHV�DV�DQ�LGHDO�PRGHO�IRU�

HXNDU\RWLF�RUJDQLVPV��/LNH�PDQ\�IXQJL��1HXURVSRUD�LV�DEOH�WR�XWLOL]H�PDQ\�GLIIHUHQW�

FDUERQ�VRXUFHV�IRU�HQHUJ\��7KLV�KRZHYHU��UHTXLUHV�WKH�SUHVHQFH�RI�JHQHV�WKDW�FRGH�IRU�D�

YDULHW\�RI�PHWDEROLF�SDWKZD\V�WKDW�DUH�QRW�DOZD\V�QHHGHG���$Q�H[DPSOH�RI�VXFK�D�JURXS�

RI�JHQHV�ZRXOG�EH�WKH�JHQHV�LQYROYHG�LQ�XWLOL]LQJ�TXLQLF�DFLG��:KHQ�1HXURVSRUD�JURZV�LQ�

WKH�SUHVHQFH�RI�D�OHVV�SUHIHUUHG�FDUERQ�VRXUFH��VXFK�DV�TXLQLF�DFLG��JHQH�H[SUHVVLRQ�RI�WKH�

TXLQLF�DFLG��TD��JHQH�FOXVWHU�LV�XS�UHJXODWHG��7KLV�DOORZV�WKH�RUJDQLVP�WR�PHWDEROL]H�

TXLQLF�DFLG�DQG�VXUYLYH�LQ�WKH�OHVV�IDYRUDEOH�FRQGLWLRQV��,Q�FRQWUDVW��ZKHQ�LQ�WKH�SUHVHQFH�

RI�D�SUHIHUUHG�FDUERQ�VRXUFH��VXFK�DV�GH[WURVH�RU�VXFURVH��WKH�TD�JHQHV�DUH�UHSUHVVHG��

7KLV�VWXG\�H[DPLQHV�KRZ�FKDQJLQJ�WKH�FDUERQ�VRXUFH�HIIHFWV�JHQH�H[SUHVVLRQ�LQ�

ZLOG�W\SH�1�FUDVVD��1�FUDVVD�ZDV�ILUVW�JURZQ�LQ�SUHVHQFH�RI�HLWKHU�TXLQLF�DFLG�RU�VXFURVH�

DQG�KDUYHVWHG�IRU�WLVVXH��7KHQ��SURWHLQ�ZDV�H[WUDFWHG�IURP�WKLV�WLVVXH�DQG�DQDO\]HG�E\����

'LPHQVLRQDO�*HO�(OHFWURSKRUHVLV����'*(���'LIIHUHQFHV�LQ�SURWHLQ�H[SUHVVLRQ�ZDV�

FRPSDUHG�XVLQJ�WKH�4XDQWLW\�2QH����'�DQDO\VLV�VRIWZDUH��3URWHLQV�XQLTXH�WR�JURZWK�RQ�

TXLQLF�DFLG�ZHUH�LGHQWLILHG�DIWHU�EHLQJ�VXEPLWWHG�IRU�PDVV�VSHFWURPHWU\��)LQDOO\��JHQH�

WUDQVFULSWLRQ�ZDV�TXDQWLWDWHG�LQ�RUGHU�WR�GHWHUPLQH�ZKLFK�JHQHV�FRGHG�IRU�SURWHLQV�

H[SUHVVHG�RQO\�LQ�WKH�SUHVHQFH�RI�TXLQLF�DFLG�E\�UHYHUVH�WUDQVFULSWDVH�SRO\PHUDVH�FKDLQ�

UHDFWLRQ��57�3&5��DQG�TXDQWLWDWLYH�UHYHUVH�WUDQVFULSWDVH�SRO\PHUDVH�FKDLQ�UHDFWLRQ�

�T57�3&5���
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)LUVW�DQG�IRUHPRVW��,�ZRXOG�OLNH�WR�WKDQN�P\�DGYLVRU��'U��'DYLG�$VFK��IRU�

PHQWRULQJ�PH��7KDQN�\RX�DFFHSWLQJ�PH�LQWR�\RXU�ODE�DQG�PDNLQJ�VXUH�,�UHFHLYHG�HYHU\�

RSSRUWXQLW\�DYDLODEOH��<RXU�WLPH�DQG�SDWLHQFH�KDYH�EHHQ�YHU\�PXFK�DSSUHFLDWHG��,�ZRXOG�

DOVR�OLNH�WR�WKDQN�P\�JUDGXDWH�FRPPLWWHH�PHPEHUV��'U��*DU\�:DONHU�DQG�-RQDWKDQ�

&DJXLDW��ZKR�KDYH�KHOSHG�PH�ZLWK�YDULRXV�DVSHFWV�RI�P\�UHVHDUFK��,Q�DGGLWLRQ��(G�%XGGH�

KDV�KHOSHG�PH�LPPHQVHO\�TXDQWLWDWLQJ�P\�VDPSOHV��+LV�IXQ�WDONV�DQG�NQRZOHGJH�ZLWK�

HTXLSPHQW�PDGH�P\�GD\V�D�ORW�HDVLHU��

,�ZRXOG�DOVR�OLNH�WR�WKDQN�DOO�WKH�IULHQGV�,�KDYH�PDGH�RYHU�WKH�ODVW�WZR�\HDUV��.RU\�

*HRUJH��WKDQNV�IRU�DQVZHULQJ�DOO�P\�UDQGRP�TXHVWLRQV�DQG�EHLQJ�WKHUH�ZKHQ�,�KDYH�

QHHGHG�\RXU�KHOS��6XVDQ�5DVKLG��WKDQN�\RX�IRU�KHOSLQJ�PH�UXQ�P\�ILUVW�SURWHLQ�JHO��-RVK�

(QJOH�DQG�6DUDK�(LVQDXJOH��WKDQN�\RX�IRU�\RXU�KHOS�ZLWK�T3&5�DQG�RWKHU�YDULRXV�DVSHFWV�

RI�P\�UHVHDUFK��<RX�WZR�ZHUH�DOZD\V�WKHUH�RIIHULQJ�\RXU�KHOS�DQG�,�WUXO\�DSSUHFLDWH�LW��

/DVWO\��WKDQN�\RX�WR�P\�IULHQGV�DQG�IDPLO\�ZKR�KDYH�KDG�WR�GHDO�ZLWK�PH�ZKLOH�

RQ�WKLV�MRXUQH\��,W�KDV�EHHQ�D�ORQJ�KDXO��EXW�GHILQLWHO\�ZRUWK�LW��,�DP�XQEHOLHYDEO\�EOHVVHG�

WR�KDYH�DOO�\RXU�ORYH�DQG�VXSSRUW��
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&KDSWHU���

,QWURGXFWLRQ�

,�� .LQJGRP�)XQJL�

,Q�WKH�PLG�HLJKWHHQWK�FHQWXU\��&DUROXV�/LQQHDXV�GHYLVHG�D�V\VWHP�NQRZQ�DV�

ELQRPLDO�QRPHQFODWXUH�WR�FODVVLI\�OLYLQJ�WKLQJV��8QGHU�WKLV�QHZ�V\VWHP��IXQJL�ZHUH�

SODFHG�LQWR�WKH�NLQJGRP�3ODQWDH��/XW]RQL�HW�DO���������<HDUV�ODWHU��5REHUW�:KLWWDNHU�

H[SDQGHG�/LQQDHXV¶V�FODVVLILFDWLRQ��DOORZLQJ�IRU�IXQJL�WR�EH�SODFHG�LQWR�D�NLQJGRP�DOO�

WKHLU�RZQ��:KLWWDNHU�������LQ�.LUN�HW�DO����������6LQFH�WKLV�WLPH��VFLHQWLVWV�KDYH�EHHQ�

DEOH�WR�FRQFOXGH�WKDW�IXQJL�VKDUHG�D�FRPPRQ�DQFHVWRU�ZLWK�DQLPDOV�E\�DQDO\]LQJ�

ULERVRPDO�51$�VXEXQLWV��)HRILORYD��������%HFDXVH�IXQJL�DUH�VR�YHUVDWLOH�DQG�FRPH�

LQ�D�YDULHW\�RI�VKDSHV�DQG�VL]HV��LW�LV�QR�VXUSULVH�WKDW�WKH�NLQJGRP�LV�VHFRQG�LQ�VL]H�WR�

LQVHFWV��&RQWDLQLQJ�URXJKO\�����PLOOLRQ�PHPEHUV��WKH\�FDQ�EH�IRXQG�OLYLQJ�LQ�D�

YDULHW\�RI�KDELWDWV�UDQJLQJ�IURP�WKH�&DULEEHDQ�WR�$QWDUFWLFD��+DZNVZRUWK������������

DQG�)HRILORYD���������:KLOH�PRVW�WKLQN�DERXW�IXQJL�LQ�WKHVH�WZR�H[WUHPH�

HQYLURQPHQWV�RQO\�IXOILOOLQJ�RQH�UROH��GHFRPSRVLQJ�LQRUJDQLF�PDWWHU��IXQJL�DUH�PRUH�

GLYHUVH��7KH\�FDQ�H[LVW�DV�D�SDWKRJHQ�E\�LQIOLFWLQJ�KDUP�RQ�DQRWKHU�VSHFLHV�RU�DV�D�

FRPPHQVDO�E\�GRLQJ�QR�KDUP�DW�DOO��:LOOH\��6KHUZRRG��DQG�:RROYHUWRQ��������7R�

GDWH��DV�PDQ\�DV�����IXQJDO�VSHFLHV�KDYH�EHHQ�UHSRUWHG�WR�EH�SDWKRJHQLF�IRU�KXPDQV�

�+DZNVZRUWK��������%XW��WKDW�KDV�QRW�GHWHUUHG�KXPDQV�IURP�ILQGLQJ�RWKHU�XVHV�IRU�

IXQJL��'DWLQJ�DV�IDU�EDFN�DV�FHQWXULHV��KXPDQV�KDYH�EHHQ�FRQVXPLQJ�IXQJL�LQ�WKH�IRUP�

RI�PXVKURRPV��XVLQJ�WKHLU�PHWDEROLF�DFWLYLW\�IRU�IHUPHQWDWLRQ��DQG�H[WUDFWLQJ�WKHLU�

VHFRQGDU\�PHWDEROLWHV�WR�FUHDWH�DQWLELRWLFV��5RNHP��������

�
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,Q�WKH�IXQJDO�OLIH�F\FOH��VH[XDO�DQG�DVH[XDO�UHSURGXFWLRQ�FDQ�EH�REVHUYHG�LQ�ZKLFK�

UHSURGXFWLRQ�SURGXFHV�PHLRVSRUHV�DQG�PLWRVSRUHV��0HLRVSRUHV�DUH�FUHDWHG�ZKHQ�

RXWFURVVLQJ�UHVXOWV�LQ�QHZ�JHQRW\SHV��ZKLOH�PLWRVSRUHV�DUH�FUHDWHG�E\�JHQHWLFDOO\�

FRS\LQJ�WKH�SDUHQWDO�IXQJL��6HLIHUW�DQG�6DPXHOV��������7UDGLWLRQDO�WD[RQRP\�RI�IXQJL�

ZDV�EDVHG�RQ�PRUSKRORJLFDO�GLIIHUHQFHV�EXW�RYHU�WKH�\HDUV��PROHFXODU�SK\ORJHQHWLF�

GLIIHUHQFHV�KDYH�KHOSHG�GHWHUPLQH�WKH�PDMRU�SK\OD��0\FRP\FRWD��(XP\FRWD��

=\JRP\FRWD��$VFRP\FRWD��DQG�%DVLGLRP\FRWD��*DODJDQ��+HQQ��HW�DO���������)URP�WKH�

XVH�RI�'1$�VHTXHQFLQJ��VFLHQWLVWV�KDYH�EHHQ�DEOH�WR�FRPSDUH�VHYHUDO�VSHFLHV�DQG�

GHWHUPLQH�GHJUHH�RI�UHODWHGQHVV��'DOGDXI�DQG�3DOPHU��������,Q�DGGLWLRQ��SURWHLQ��

FRGLQJ�ORFL�KDYH�EHHQ�XVHG�LQ�SK\ORJHQHWLF�VWXGLHV��2YHUDOO��WKH�UROH�RI�IXQJDO�

JHQRPHV�LV�LPSRUWDQW�LQ�RUGHU�WR�UHFRJQL]H�IXWXUH�KXPDQ�DQG�SODQW�SDWKRJHQV�DORQJ�

ZLWK�IXWXUH�HYROXWLRQDU\�GLVWDQFHV��*DODJDQ��+HQQ�HW�DO���������

�
�

,,�� 3K\OXP�$VFRP\FRWD�
�

7KH�SK\OXP�$VFRP\FRWD�LV�WKH�ODUJHVW�SK\OXP�RI�IXQJL�WR�GDWH��FRQWDLQLQJ�

URXJKO\�����RI�DOO�GHVFULEHG�IXQJL��*UHHN�LQ�RULJLQ��WKH�QDPH�³$VFRP\FRWD´�PHDQV�

VDF�OLNH��7D\ORU��������$V�D�\HDVW��$VFRP\FRWD¶V�OLIH�F\FOH�DOWHUQDWHV�EHWZHHQ�D�

KDSORLG�DQG�GLSORLG�VWDJH��:KHQ�SURSHU�QXWULHQWV�DUH�DYDLODEOH��WKH�PRWKHU�FHOO�JRHV�

WKURXJK�PLWRVLV��FUHDWLQJ�D�QHZ�GDXJKWHU�FHOO�IURP�LWV�XQVFDUUHG�UHJLRQ��,Q�FRQWUDVW��

ZKHQ�QXWULHQWV�DUH�OLPLWHG�WKH�IXQJXV�H[SHULHQFHV�PHLRVLV��'XULQJ�PHLRVLV��KDSORLG�

FHOOV��RQH�IURP�HDFK�SDUHQW��IXVH�WR�FUHDWH�IRXU�GLSORLG�FHOOV��:LOOH\��6KHUZRRG�DQG�

:RROYHUWRQ��������,Q�VH[XDO�UHSURGXFWLRQ�RI�WKH�ILODPHQWRXV�IRUP��WKH�VDF�OLNH�

VWUXFWXUH�NQRZQ�DV�WKH�DVFXV�HYHQWXDOO\�FUHDWHV�DVFRVSRUHV�RU�PHLRVSRUHV�DQG�LQ�WKH�

�
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ULJKW�FRQGLWLRQV��ZLOO�JHUPLQDWH��IRUPLQJ�HLJKW�KDSORLG�QXFOHL��&ROOHFWLRQV�RI�KDSORLG�

QXFOHL�SDFN�WRJHWKHU�LQVLGH�DQ�DVFRFDUS�DQG�RQFH�PDWXULW\�LV�UHDFKHG��WKH\�DUH�

UHOHDVHG�LQWR�WKH�HQYLURQPHQW��$VH[XDO�UHSURGXFWLRQ��VSRUHV�IRUP�FRQLGLD�RU�

PLWRVSRUHV�IURP�K\SKDH�FDOOHG�FRQLGLRSKRUHV��

7KH�FHOO�ZDOO�RI�$VFRP\FRWD�IXQJL�LV�FRPSULVHG�RI�FKLWLQ�DQG�

SRO\DPLQRVDFFKDULGH�JDODFWRVDPLQH��)HRILORYD��������7KHLU�HXNDU\RWLF�FHOO�ZDOO�LV�

HQFORVHG�DQG�WKH�ERG\�RI�WKH�FHOO�FDQ�EH�VLQJXODU��WXEXODU��RU�ILODPHQWRXV��7D\ORU�

�������

�
�

,,,��1HXURVSRUD�FUDVVD�
�

,Q�WKH�VXPPHU�RI�������3DULV�EDNHULHV�IRXQG�WKHPVHOYHV�IDFH�WR�IDFH�ZLWK�D�

PDVVLYH�RYHUJURZWK�RI�DQ�RUDQJH�OLNH�EUHDG�PROG��2XWUDJHG�E\�WKH�FRQWDPLQDWLRQ��

VFLHQWLVWV�TXLFNO\�VHW�WR�ZRUN�WR�GHWHUPLQH�WKH�FDXVH�RI�WKH�SUREOHP��$IWHU�WDNLQJ�

VDPSOHV��VFLHQWLVWV�GLVFRYHUHG�WKDW�WKH�QHZ�FRORQLHV�JUHZ�TXLFNO\�DQG�LQ�WKH�SUHVHQFH�

RI�VXQOLJKW��WXUQHG�D�EULJKW�RUDQJH�FRORU��7KRVH�JURZQ�LQ�WKH�DEVHQFH�RI�OLJKW�

UHPDLQHG�ZKLWH�XQWLO�H[SRVHG�WR�VXQOLJKW�IRU�WZR�KRXUV�EHIRUH�WXUQLQJ�RUDQJH�DV�ZHOO��

7KLV�FRORUDWLRQ�FKDQJH�ZDV�DWWULEXWHG�WR�D�FDURWHQRLG�SURGXFWLRQ�WKDW�RFFXUV�ZKHQ�1��

FUDVVD�LV�H[SRVHG�WR�OLJKW��,Q�DGGLWLRQ��RYHU�D�FHQWXU\�RI�UHFRUGLQJV�ZHUH�IRXQG�

GHVFULELQJ�ODUJH�DUHDV�RI�ODQG�WXUQLQJ�RUDQJH�IROORZLQJ�YROFDQLF�HUXSWLRQV��

HDUWKTXDNHV��DQG�ILUHV��7KLV�UHYHDOHG�WKDW�1��FUDVVD�ZDV�KHDW�WROHUDQW�ZLWK�DVFRVSRUHV�

WKDW�EORRPHG�IROORZLQJ�EXUQV��3HUNLQV��������

%HIRUH�������1HXURVSRUD�ZDV�NQRZQ�DV�0RQLOLD�VLWRSKLOD�DQG�ZDV�WKRXJKW�E\�

&KDUOHV�7KRP�WR�ODFN�D�VH[XDO�VWDJH��+LV�FROOHDJXH��%HUQDUG�'RGJH��EHOLHYHG�WKH�

�
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RUJDQLVP�UHTXLUHG�IXUWKHU�VWXG\�DQG�DIWHU�H[DPLQLQJ�RQH�RI�7KRP¶V�SODWHV��GLVFRYHUHG�

KHDW�DFWLYDWHG�DVFRVSRUHV��2QFH�WKLV�ZDV�SURYHQ��'RGJH�WHDPHG�XS�ZLWK�&�/��6KHDU�

ZKR�ZDV�WKH�KHDG�RI�WKH�ODERUDWRU\�DW�WKH�'HSDUWPHQW�RI�$JULFXOWXUH�P\FRORJ\�DQG�

SDWKRORJ\�ODERUDWRU\�LQ�$UOLQJWRQ��9LUJLQLD�DQG�ZDV�DEOH�WR�UHDVVLJQ�WKH�RUJDQLVP�WR�D�

QHZ�JHQXV��8QGHU�WKH�QHZ�QDPH�1HXURVSRUD��LW�ZDV�GLVFRYHUHG�WR�EH�KDSORLG�ZLWK�

JURRYHG�DVFRVSRUHV��3HUNLQV��������

6LQFH�LWV�UHDVVLJQPHQW��1HXURVSRUD�KDV�EHHQ�HVVHQWLDO�LQ�PDQ\�VFLHQWLILF�

DGYDQFHV��2QH�RI�ZKLFK�ZDV�WKH�RQH�JHQH�RQH�HQ]\PH�K\SRWKHVLV�SURSRVHG�E\�

%HDGOH�DQG�7DWXP��%\�XVLQJ�1HXURVSRUD�PXWDQWV��WKH\�IRXQG�WKDW�ZLWK�

VXSSOHPHQWDWLRQ��JURZWK�FRXOG�EH�UHVWRUHG��OHDGLQJ�WKHP�WR�WKH�K\SRWKHVLV�WKDW�RQH�

HQ]\PH�ZDV�FRGHG�IRU�E\�RQH�JHQH��%HDGOH��������$QRWKHU�VWXG\��SHUIRUPHG�E\�

%DUEDUD�0F&OLQWRFN��UHYHDOHG�1HXURVSRUD�FRQWDLQHG�VHYHQ�FKURPRVRPHV�DQG�

WKURXJK�FKURPRVRPH�F\WRORJ\��HVWDEOLVKHG�1HXURVSRUD¶V�VLPLODULW\�WR�SODQWV�DQG�

DQLPDOV��2YHUDOO��VFLHQWLVWV�DJUHHG�WKDW�1�FUDVVD�PDGH�DQ�H[FHOOHQW�H[SHULPHQWDO�

RUJDQLVP��,W�ZDV�PXOWLFHOOXODU��ZKLFK�PDGH�LW�LGHDO�IRU�PROHFXODU�DQG�JHQHWLF�

UHVHDUFK��KDG�YHU\�VLPSOH�QXWULWLRQDO�UHTXLUHPHQWV��DQG�KDG�KLJK�OLQHDU�JURZWK�

�3HUNLQV��������

*HQHWLF��FHOOXODU�DQG�PROHFXODU�WHFKQLTXHV�KDYH�UHVXOWHG�LQ�VRPH�LQWHUHVWLQJ�

GLVFRYHULHV�IRU�1HXURVSRUD��%HFDXVH�RI�WKLV��PDQ\�RI�WKHVH�VDPH�WHFKQLTXHV�ZHUH�

DOVR�SHUIRUPHG�RQ�RWKHU�RUJDQLVPV��3HUNLQV��������7KHQ��LQ�WKH����VW�FHQWXU\��1��

FUDVVD¶V�JHQRPH�ZDV�VHTXHQFHG��&RQWDLQLQJ��������SURWHLQ�FRGLQJ�JHQHV��1��

FUDVVD¶V�JHQRPH�SURYHG�WR�EH�ODUJHU�LQ�VL]H�WKDQ�6��FHUHYLVLDH��1HXURVSRUD¶V�JHQRPH��

ZKLFK�LV����PHJDEDVHV�ORQJ��FRQWDLQHG�DQ�DYHUDJH�RI�����LQWURQV�SHU�JHQH�DOORZLQJ�LW�

�
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WR�KDYH�D�ORQJHU�JHQH�OHQJWK��,Q�DGGLWLRQ��WKH�*�&�FRQWHQW�LQ�WKH�JHQRPH�LV�

DSSUR[LPDWHO\������*DODJDQ��&DOYR��HW�DO��������1��FUDVVD�*HQRPH�6WDWLVWLFV��������

�
�

,9��&DUERQ�6RXUFH�0HWDEROLVP�
�

0HWDEROLVP�HQFRPSDVVHV�DOO�WKH�ELRFKHPLFDO�SURFHVVHV�WKDW�DOORZ�DQG�RUJDQLVP�

WR�PDLQWDLQ�OLIH��+RZHYHU��DOO�RUJDQLVPV�GR�QRW�DFTXLUH�DQG�PHWDEROL]H�QXWULHQWV�WKH�

VDPH�ZD\��&DUOLOH��:DWNLQVRQ��DQG�*RRGD\��������0DQ\�RUJDQLVPV�DUH�DEOH�WR�

H[SORLW�GLIIHUHQW�VRXUFHV�RI�HQHUJ\��DOORZLQJ�WKHP�WR�HQ]\PDWLFDOO\�EUHDN�GRZQ�

XQOLNHO\�PHWDEROLWHV�LQWR�OLIH�VXVWDLQLQJ�PROHFXOHV��&DHWDQR�$QROOpV�HW�DO����������

7KH\�DFFRPSOLVK�WKLV�E\�XVLQJ�WZR�W\SHV�RI�PHWDEROLVP��SULPDU\�DQG�VHFRQGDU\��

3ULPDU\�PHWDEROLVP�LV�WKH�YLWDO�SURFHVVHV�HVVHQWLDO�IRU�VXUYLYDO��ZKHUHDV�VHFRQGDU\�

PHWDEROLVP�LV�QRW�UHTXLUHG�IRU�OLIH��7KHVH�PHWDEROLWHV��FDQ�EH�XVHIXO�LQ�VRPH�

FLUFXPVWDQFHV��EXW�PDLQO\�SOD\�D�UROH�DV�H[WUDV��&DUOLOH��:DWNLQVRQ��DQG�*RRGD\�

�������

)RU�IXQJL��WKH�SUHIHUUHG�FDUERQ�VRXUFH�LV�FDUERK\GUDWHV��VXFK�DV�JOXFRVH�RU�

VXFURVH��7KHVH�PROHFXOHV�DUH�HDVLO\�PHWDEROL]HG�WKURXJK�RQH�RI�WKUHH�PHWDEROLF�

SDWKZD\V��WKH�(PEGHQ�0H\HUKRI�3DUQDV�3DWKZD\��(03���WKH�(QWQHU�'RXUGRURI�

SDWKZD\�RU�WKH�KH[RVH�PRQRSKRVSKDWH��+03��SDWKZD\��6XJDUV�VXFK�DV�JOXFRVH�

PHQWLRQHG�DERYH�DUH�FRQYHUWHG�WR�VLQJOH�FHOO�SURWHLQV�DQG�WKHQ�HQWHU�WKH�7&$�F\FOH�

IROORZLQJ�(03�DQG�+03�SDWKZD\V��+RZHYHU��ZKHQ�WKH�SUHIHUUHG�FDUERQ�VRXUFHV�DUH�

QRW�DYDLODEOH�RU�GHSOHWHG��IXQJL�ZLOO�V\QWKHVL]H�VHFRQGDU\�PHWDEROLWHV��,Q�WKH�FDVH�RI�

1HXURVSRUD��ZKHQ�TXLQLF�DFLG�LV�SUHVHQW��WKH�WUDQVFULSWLRQ�RI�WKH�TXLQLF�DFLG�JHQH�

�
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FOXVWHU�LV�DFWLYDWHG�DOORZLQJ�WKH�RUJDQLVP�WR�VXUYLYH�LQ�OHVV�WKDQ�IDYRUDEOH�FRQGLWLRQV�

�3DOPHU�DQG�.HOOHU��������

�
�

9�� 4XLQLF�$FLG�
�

7KH�LQLWLDO�GLVFRYHU\�RI�TXLQLF�DFLG�FDQ�EH�WUDFHG�EDFN�WR�D�)UHQFK�FKHPLVW�E\�WKH�

QDPH�RI�1LFRODV�/RXLV�9DXTXHOLQ��0F.HQQD��������6XEVHTXHQW�LQYHVWLJDWLRQV�OHDG�

E\�+�2�/��)LVKHU�DQG�*��'DQJVFKDW�IRXQG�WKDW�TXLQLF�DFLG�FRXOG�EH�FKHPLFDOO\�

FRQYHUWHG�WR�VKLNLPLF�DFLG��7KLV�ZDV�DQ�LQWHUHVWLQJ�GLVFRYHU\�SURYLQJ�WKDW�TXLQLF�DFLG�

FRXOG�EH�XVHG�WR�LQGXFH�JURZWK��*RUGRQ��+DVNLQV��DQG�0LWFKHOO��������

(QYLURQPHQWDOO\��TXLQLF�DFLG�FDQ�EH�IRXQG�LQ�D�YDULHW\�RI�SODFHV��LQFOXGLQJ�FRIIHH�

EHDQV��WREDFFR�OHDYHV��DQG�LQ�VRPH�YHJHWDEOHV��:LVKDUW�HW�DO����������,W�DSSHDUV�DV�D�

ZKLWH�FU\VWDOOLQH�FRPSRXQG�DQG�VHUYHV�DV�DQ�LQWHUPHGLDWH�IRU�VHFRQGDU\�PHWDEROLVP�

�%DUFR�HW�DO���������1�FUDVVD�XWLOL]HV�TXLQLF�DFLG�DV�D�VHFRQGDU\�PHWDEROLWH�E\�ILUVW�

FRQYHUWLQJ�TXLQLF�DFLG�LQWR�GHK\GURTXLQDWH��'+4���7KHQ��'+4�LV�WUDQVIRUPHG�WR�

GHK\GURVKLNLPDWH��'+6���$IWHU�WKLV��SURWRFDWHFKXLF�DFLG�LV�PDGH�DQG�IXUWKHU�

FRQYHUWHG�LQWR�VXFFLQDWH�DQG�DFHW\O�&R$��2QFH�WKLV�VWHS�LV�DFKLHYHG��WKH�RUJDQLVP�LV�

DEOH�WR�XWLOL]H�WKH�PHWDEROLWH�E\�ILQDOO\�HQWHULQJ�WKH�7&$�F\FOH��.XVZDQGL��������

�
�

9,��4XLQLF�$FLG�*HQH�&OXVWHU�
�

7KH�TXLQLF�DFLG��TD��JHQH�FOXVWHU�RI�1��FUDVVD�LV�FRPSULVHG�RI�VHYHQ�JHQHV��)LYH�

RI�WKHVH�VHYHQ�JHQHV�DUH�VWUXFWXUDO�JHQHV��ZKLOH�WKH�RWKHU�WZR�DUH�UHJXODWRU\�JHQHV��

7KUHH�RI�WKH�VWUXFWXUDO�JHQHV��TD����TD����DQG�TD����ZHUH�GLVFRYHUHG�WR�HQFRGH�

HQ]\PHV�WKDW�SURPRWH�WKH�FRQYHUVLRQ�RI�TXLQLF�DFLG�WR�SURWRFDWHFKXLF�DFLG��7KH�

�
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IRXUWK�VWUXFWXUDO�JHQH�TD�\�HQFRGHV�WKH�SURGXFWLRQ�RI�D�TXLQDWH�SHUPHDVH��ZKLOH�WKH�

ILIWK�VWUXFWXUDO�JHQH�TD�[�KDV�DQ�XQNQRZQ�IXQFWLRQ�DQG�LV�VWLOO�XQGHU�LQYHVWLJDWLRQ�

�'DYLV������DQG�3DWHO�HW�DO���������,Q�FRQWUDVW��WKH�UHJXODWRU\�JHQHV��ZKLFK�DUH�

ORFDWHG�DW�RQH�HQG�RI�WKH�TXLQLF�DFLG�JHQH�FOXVWHU��FRQWURO�WKH�PHFKDQLVP�E\�ZKLFK�

WKH�TD�JHQHV�DUH�HLWKHU�LQGXFHG�RU�VXSSUHVVHG��7KHUHIRUH��DFWLRQ�HLWKHU�SHUPLWV�

WUDQVFULSWLRQ�RI�WKH�TD�JHQHV��TD��)��RU�LQKLELWV��TD��6��WKHP��:KHQ�FRPSOHWHO\�

FRPELQHG��WKH�TXLQLF�DFLG�JHQH�FOXVWHU�WDNHV�XS�PRUH�WKDQ����NE�RQ�FKURPRVRPH�

VHYHQ�LQ�1HXURVSRUD�FUDVVD��'DYLV��������

�
�

9,,�� 4XLQLF�$FLG�&DWDEROLVP�
�

,Q�RUGHU�IRU�1HXURVSRUD�FUDVVD�WR�EH�DEOH�WR�XVH�TXLQLF�DFLG�DV�D�FDUERQ�VRXUFH��LW�

PXVW�XQGHUJR�D�VHULHV�RI�FRQYHUVLRQV��4XLQLF�DFLG��ZKLFK�LV�D�F\FOLWRO��FRQWDLQV�IRXU�

K\GUR[\O�JURXSV��6R��ZKHQ�LW�HQWHUV�WKH�FHOO��TXLQLF�DFLG�GHK\GURJHQDVH��TD����

TXLFNO\�DWWDFNV�RQH�RI�WKHP��$IWHU�FOHDYLQJ�WKH�K\GURJHQ�IURP�WKH�ILIWK�FDUERQ��D�

GRXEOH�ERQG�LV�SURGXFHG��WUDQVIRUPLQJ�WKH�VWUXFWXUH�LQWR�GHK\GURTXLQLF�DFLG��'+4���

7KHQ��DQRWKHU�DOFRKRO�JURXS�LV�UHPRYHG��WKLV�WLPH�DW�FDUERQ�RQH�E\�GHK\GURTXLQDVH�

�TD�����$JDLQ��D�GRXEOH�ERQG�LV�FUHDWHG��FKDQJLQJ�WKH�VWUXFWXUH�WR�GHK\GURVKLNPLF�

DFLG��'+6���7KH�ODVW�GRXEOH�ERQG�LV�IRUPHG�ZKHQ�'+6�GHK\GUDVH��TD����UHPRYHV�WKH�

K\GURJHQ�IURP�FDUERQ����7KH�UHVXOWLQJ�VWUXFWXUH�LV�SURWRFDWHFKXLF�DFLG��3&$���ZKLFK�

WKH�FHOO�FDQ�ILQDOO\�XVH�RQFH�LW�EHFRPHV�R[LGL]HG��

�
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9,,,�� 4XLQLF�$FLG�*HQH�&XVWHU�LQ�1HXURVSRUD�FUDVVD�
�

5HJXODWLRQ�RI�WKH�TXLQLF�DFLG�JHQH�FOXVWHU�LV�FRQWLQJHQW�XSRQ�WKH�SUHVHQFH�RU�

DEVHQFH�RI�TXLQLF�DFLG��:KHQ�TXLQLF�DFLG�VHUYHV�DV�WKH�VROH�FDUERQ�VRXUFH��JHQHUDWLRQ�

RI�HQ]\PHV�E\�WUDQVFULSWLRQ�RFFXUV��'DYLV��������7KH�ELQGLQJ�RI�WKH�LQGXFHU��TXLQL�

DFLG��WR�WKH�UHSUHVVRU�SURWHLQ��4$��6��DOORZV�WKH�DFWLYDWRU�SURWHLQ��4$��)��WR�ELQG�DW�

WKH�V\PPHWULFDO����EDVH�SDLU�VHTXHQFH��**57$$5<5<77$<&&���7KH�DFWLYDWRU�

SURWHLQ�WKHQ�LQGXFHV�WUDQVFULSWLRQ�RI��WKH�YDULRXV�TD�JHQHV��7UDQVFULSWLRQ�EHFRPHV�

LQKLELWHG�ZKHQ�WKH�UHSUHVVRU�SURWHLQ�ELQGV�WR�WKH�DFWLYDWRU��VLOHQFLQJ�WKH�DFWLYDWRU�

SURWHLQ��

:KHQ�1HXURVSRUD�FUDVVD�JURZV�LQ�WKH�SUHVHQFH�RI�JOXFRVH�RU�VXFURVH��FDWDEROLWH�

UHSUHVVLRQ�RQ�WKH�TD�JHQH�FOXVWHU�LV�H[SUHVVHG��(DUO\�K\SRWKHVHV�VXJJHVWHG�WKDW�TD�[�

FRXOG�SOD\�D�UROH�LQ�HIIHFWLQJ�FDWDEROLWH�UHSUHVVLRQ�VLQFH�LWV�WUDQVFULSWLRQ�ZDV�KLJKO\�

DIIHFWHG�ZKHQ�JOXFRVH�ZDV�SUHVHQW��*LOHV�HW�DO����������+RZHYHU��DIWHU�D�VHULHV�RI�

H[SHULPHQWV�WKDW�DOORZHG�IRU�WKH�GHOHWLRQ�RI�WKH�TD�[�JHQH��LW�ZDV�GHWHUPLQHG�WKDW�

FDWDEROLWH�UHSUHVVLRQ�ZDV�VWLOO�RFFXUULQJ��5HVHDUFKHUV�WKHQ�WRRN�D�GLIIHUHQW�DSSURDFK��

6RRQ��WKUHH�QHZ�K\SRWKHVHV�ZHUH�FRQVWUXFWHG��7KH�ILUVW��VXJJHVWHG�WKDW�TD�JHQHV�ZHUH�

UHSUHVVHG�ZKHQ�SUHIHUUHG�FDUERQ�VRXUFHV�ZHUH�DYDLODEOH�EHFDXVH�RI�WKH�LQWHUDFWLRQ�

EHWZHHQ�WUDQV�DFWLQJ�UHSUHVVRU�SURWHLQV�ZLWK�FLV�DFWLQJ�'1$�VHTXHQFH��7KH�VHFRQG�

VWDWHG�WKDW�ZKHQ�TD��)��WKH�DFWLYDWRU�SURWHLQ��LV�VKXW�RII��DOO�RWKHU�TD�JHQHV�DUH�DV�

ZHOO��)LQDOO\��WKH�WKLUG�LGHD�SURSRVHG�WKDW�FDWDEROLWH�UHSUHVVLRQ�RFFXUV�GXH�WR�WKH�ODFN�

RI�TXLQDWH�SHUPHDVH��WUDQVFULEHG�E\�WKH�TD�\�JHQH��7KLV�WKLUG�SURSRVDO�ZDV�ODWHU�

DFFHSWHG�DIWHU�51$�EORWWLQJ��$UQHWW�HW�DO����������

�
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,;�� 3XUSRVH�
�

7KLV�VWXG\�H[DPLQHV�KRZ�FKDQJLQJ�WKH�FDUERQ�VRXUFH�DIIHFWV�WKH�JHQRPH�DQG�

SURWHRPH�LQ�ZLOG�W\SH�1�FUDVVD��7KH�SURWHLQ�SURILOHV�RI�ZLOG�W\SH�1�FUDVVD�JURZQ�RQ�

VXFURVH�DQG�1��FUDVVD�JURZQ�RQ�TXLQLF�DFLG�ZHUH�FRPSDUHG��7KHQ��GLIIHUHQFHV�LQ�

SURWHLQ�FRQWHQW�ZHUH�LGHQWLILHG�DQG�SURWHLQ�VDPSOHV�ZHUH�SUHSDUHG�IRU�PDVV�

VSHFWURPHWU\��0DVV�VSHFWURPHWU\�ZLOO�GHWHUPLQH�ZKLFK�SURWHLQV�ZHUH�H[SUHVVHG�ZKHQ�

JURZQ�RQO\�RQ�TXLQLF�DFLG��7KHQ��E\�XWLOL]LQJ�TXDQWLWDWLYH�UHYHUVH�WUDQVFULSWDVH�

SRO\PHUDVH�FKDLQ�UHDFWLRQ��T57�3&5��JHQH�WUDQVFULSWLRQ�OHYHOV�ZHUH�H[DPLQHG�DQG�

LGHQWLILHG��7KRVH�XQLTXH�WR�JURZWK�LQ�TXLQLF�DFLG�VKRXOG�VKRZ�DQ�XS�UHJXODWLRQ�VLQFH�

XWLOL]DWLRQ�LV�RQO\�QHHGHG�ZKHQ�QR�RWKHU�FDUERQ�VRXUFH�LV�DYDLODEOH��,Q�DGGLWLRQ��WKRVH�

WKDW�DUH�XQLTXH�WR�JURZWK�LQ�VXFURVH�VKRXOG�VKRZ�D�GRZQ�UHJXODWLRQ��

�
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&KDSWHU���

0DWHULDOV�DQG�0HWKRGV�

,�� 6WUDLQV�
�

:LOG�W\SH�1HXURVSRUD�FUDVVD���$��)*6&��������VWUDLQ�ZDV�REWDLQHG�IURP�

ODERUDWRU\�VWRFN�FROOHFWLRQ�DQG�WKH�4D��)�NQRFNRXW�PXWDQW��)*6&���������ZDV�

REWDLQHG�IURP�WKH�)XQJDO�*HQHWLFV�6WRFN�&HQWHU��

,,�� 7LVVXH�*URZWK�
�

%RWK�WKH�ZLOG�W\SH�DQG�PXWDQW�VWUDLQ�ZHUH�JURZQ�RQ�9RJHOV�PLQLPDO�PHGLD���[�

9RJHO�����J�VXFURVH�������DJDU��LQ����PO�',�ZDWHU��IRU�WZR�GD\V�DW����&��$IWHU�WKH�

WZR�GD\V��WKH�VDPSOHV�ZHUH�PRYHG�XQGHU�IOXRUHVFHQW�OLJKWV�DQG�NHSW�WKHUH�IRU�

DSSUR[LPDWHO\�WZR�ZHHNV��$IWHU�WKH�WZR�ZHHN�LQFXEDWLRQ�SHULRG��WKH�FRQLGLD�ZHUH�

KDUYHVWHG�E\�DGGLQJ�OLTXLG�9RJHO�PHGLD���[�9RJHOV�DQG����PO�',�ZDWHU��WR�WKH�IODVN��

JHQWO\�VZLUOLQJ��DQG�WKHQ�ILOWHULQJ�WKURXJK�VWHULOH�FKHHVHFORWK��7KH�ILOWHUHG�FRQWHQWV�

ZHUH�SODFHG�LQWR�D�QHZ�(UOHQPH\HU�IODVN��7KHQ��WKH�VROXWLRQ�ZDV�GLYLGHG�LQWR�HTXDO�

YROXPHV�DQG�SODFHG�LQWR�IODVNV�FRQWDLQLQJ����PO�RI�9RJHOV�PHGLD�ZLWK����VXFURVH��

7KHVH�IODVNV�ZHUH�WKHQ�SODFHG�RYHU�QLJKW�LQ�D����&�LQFXEDWRU�VKDNLQJ�DW�����530��

7KH�QH[W�GD\��WKH�P\FHOLXP�ZDV�FROOHFWHG�WKURXJK�YDFXXP�ILOWUDWLRQ�XVLQJ�:KDWPDQ��

ILOWHU�SDSHU��7KH�FROOHFWHG�WLVVXH�ZDV�ZDVKHG�LQ�VWHULOH�ZDWHU�DQG�WKHQ�UHILOWHUHG��$IWHU�

ZDVKLQJ��WKH�RQH�P\FHOLD�SDG�ZDV�WUDQVIHUUHG�LQWR�D�IODVN�FRQWDLQLQJ�9RJHOV�PHGLD�

DQG����VXFURVH��ZKLOH�WKH�RWKHU�ZDV�WUDQVIHUUHG�LQWR�D�IODVN�RI�9RJHOV�PHGLD�DQG�

�����TXLQLF�DFLG��7KH�WZR�IODVNV�ZHUH�WKHQ�SODFHG�EDFN�LQWR�WKH�VKDNHU�IRU�DQ�

DGGLWLRQDO�WKUHH�KRXUV��2QFH�WKH�WKUHH�KRXUV�ZHUH�XS��HDFK�IODVN�ZDV�ILOWHUHG�

VHSDUDWHO\��7KH�P\FHOLD�SDGV�FROOHFWHG�ZHUH�SODFHG�LQ�WLQ�IRLO�DQG�VWRUHG�DW�����&�

�
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�
�
�
�

7DEOH������[�9RJHO
V�0LQLPDO�0HGLD����/LWHU��
�
�

1D��FLWUDWH������+�2� ����J�

.+�32���DQK\GURXV� ����J�

1+�12���DQK\GURXV� ����J�

0J62�����+�2� ���J�

&D&O�����+�2� ��J�

7UDFH�(OHPHQW�6ROXWLRQ��7DEOH���� ��PO�

%LRWLQ�6ROXWLRQ��7DEOH���� ����PO�

'LVWLOOHG�+�2� %ULQJ�WR�ILQDO�YROXPH�RI���/�
�
�

7DEOH����7UDFH�(OHPHQW�6ROXWLRQ�
�
�

&LWULF�DFLG����+�2� ��J�

=Q62�����+�2� ��J�

)H�1+����62�������+�2� ��J�

&X62�����+�2� �����J�

0Q62�����+�2� �����J�

+�%2���DQK\GURXV� �����J�

1D�0R2�����+�2� �����J�

'LVWLOOHG�+�2� %ULQJ�WR�ILQDO�YROXPH�RI���/�

&KORURIRUP��3UHVHUYDWLYH�� ��PO�
�
�

7DEOH����%LRWLQ�6ROXWLRQ�����PO��
�
�

%LRWLQ� ��PJ�

'LVWLOOHG�+�2� %ULQJ�WR�ILQDO�YROXPH�RI����PO�

�
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,,,��3URWHLQ�,VRODWLRQ�
�

)UR]HQ�P\FHOLD�SDGV�ZHUH�JURXQG�LQ�OLTXLG�QLWURJHQ�XVLQJ�D�PRUWDU�DQG�SHVWOH��7KHQ��

WKH�JURXQG�WLVVXH�ZDV�SODFHG�LQWR�����PO�(SSHQGRUI�WXEHV�XQWLO�URXJKO\�KDOIZD\�IXOO������

�/�RI�O\VLV�EXIIHU������P0�7ULV�+&O�����P0�1D&O������P0�'HR[\FKRODWH��ZDV�DGGHG�WR�

HDFK�RI�WKH�(SSHQGRUI�WXEHV��$IWHU�WKH�O\VLV�EXIIHU�ZDV�DGGHG�ZLWK�WKH�WLVVXH��WKH�

(SSHQGRUI�WXEHV�ZHUH�YRUWH[HG�IRU�RQH�PLQXWH�DQG�LFHG�IRU�WZR�PLQXWHV��7KLV�SURFHVV�

ZDV�UHSHDWHG�IRU�D�WRWDO�RI�WKUHH�WLPHV��7KHQ��WKH�WXEHV�ZHUH�FHQWULIXJHG�IRU�WHQ�PLQXWHV�DW�

�������USP�DW���&��7KH�VXSHUQDWDQW�ZDV�FROOHFWHG�DQG�WUDQVIHUUHG�LQWR�QHZ�����PO�

(SSHQGRUI�WXEHV�DQG�VWRUHG�DW�����&��

�
�

,9��2QH��'LPHQVLRQDO�*HO�(OHFWURSKRUHVLV�
�

7KH�VWRUHG�SURWHLQ�VDPSOHV�ZHUH�FKHFNHG�IRU�FRQFHQWUDWLRQ�XVLQJ�1DQR'URS�����F�

6SHFWURSKRWRPHWHU��7KLV�GHWHUPLQHG�KRZ�PXFK�RI�HDFK�VDPSOH�ZDV�ORDGHG�WR�HQVXUH�

FOHDU�EDQGV�LQ�WKH�SURWHLQ�JHO��3URWHLQ�FRQFHQWUDWLRQV�ZHUH�EDVHOLQHG�DJDLQVW���$�ZLOG�

W\SH�VR�WKDW�HDFK�SURWHLQ�FRQFHQWUDWLRQ�HTXDOHG����PJ�PO��2QFH�WKH�SURSHU�DPRXQW�ZDV�

SODFHG�LQWR�QHZ�WXEHV��WKH�VDPSOHV�ZHUH�VRQLFDWHG�LQ�RUGHU�WR�UHPRYH�QXFOHRWLGHV��7KHQ��

HDFK�VDPSOH�UHFHLYHG�����/�RI��[�6'6�3$*(�EXIIHU�DQG�KHDWHG�LQ�D�KRW�ZDWHU�EDWK�VHW�DW�

���&�IRU�WHQ�PLQXWHV��(DFK�VDPSOH�ZDV�WKHQ�ORDGHG�LQWR�D�����&ULWHULRQ��7*;��

DFU\ODPLGH�JHO������/�RI�ODGGHU��3URWHLQ�3UHFLVLRQ�3OXV��E\�%LR�5DG���ZDV�DOVR�SODFHG�

LQ�RQH�RI�WKH�ZHOOV��7KH�JHO�ZDV�UXQ�DW����9�IRU�URXJKO\�RQH�KRXU��2QFH�WKH�JHO�ZDV�

ILQLVKHG��LW�ZDV�SODFHG�LQ������&RRPDVVLH�%ULOOLDQW�%OXH�VWDLQLQJ�VROXWLRQ�IURP�%LR��

5DG���7KH�JHO�VDW�RYHUQLJKW�RQ�DQ�RUELWDO�VKDNHU�VHW�DW�VSHHG����7KH�QH[W�PRUQLQJ��WKH�

VWDLQ�ZDV�UHPRYHG�DQG�D�KLJK�GHVWDLQ������PHWKDQRO������DFHWLF�DFLG��ZDV�DGGHG��,W�ZDV�

�
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WKHQ�SODFHG�EDFN�RQ�WKH�VKDNHU�IRU�DQ�KRXU��7KLV�ZDV�UHSHDWHG�RQFH�PRUH�DQG�WKHQ�ZDV�

UHSODFHG�ZLWK�D�ORZ�GHVWDLQ������PHWKDQRO�����DFHWLF�DFLG��IRU�DQ�KRXU��7KH�ORZ�GHVWDLQ�

ZDV�DOVR�UHSHDWHG��UHVXOWLQJ�LQ�IRXU�KRXUV�WRWDO�RI�GHVWDLQLQJ��7KH�JHOV�ZHUH�WKHQ�LPDJHG�

ZLWK�WKH�3KDURV);��LPDJLQJ�V\VWHP�IURP�%LR�5DG���3URWHLQ�H[SUHVVLRQ�ZDV�REVHUYHG�

XVLQJ�4XDQWLW\�2QH����'�DQDO\VLV�VRIWZDUH�����DFHWLF�DFLG�ZDV�XVHG�WR�VWRUH�WKH�JHOV��

3URWHLQV�RQ�LQWHUHVW�ZHUH�IXUWKHU�DQDO\]HG�XVLQJ�0DVV�6SHFWURPHWU\��7KLV�ZDV�SHUIRUPHG�

RQ�WKH�H[SUHVVHG�SURWHLQV�DW�WKH�2KLR�6WDWH�8QLYHUVLW\��

�
�

9�� 6SRW�([FLVLRQ�DQG�0DVV�6SHFWURPHWU\�
�

%DQGV�GHWHUPLQHG�WR�EH�LPSRUWDQW��ZHUH�H[FLVHG�IURP�WKH�JHO�XVLQJ�D�7;����������

PP�[�����PP��*HO�([WUDFWLRQ�7LS��7KH�EDQGV�ZHUH�WKHQ�SODFHG�LQWR�VHSDUDWH�(SSHQGRUI�

WXEHV�ZLWK����DFHWLF�DFLG��7KH�(SSHQGRUI�WXEHV�ZHUH�WKHQ�VKLSSHG�WR�WKH�2KLR�6WDWH�

8QLYHUVLW\�IRU�0DVV�6SHFWURPHWU\�DQDO\VLV��

2QFH�DW�2KLR�6WDWH�8QLYHUVLW\��WKH�0DVV�6SHFWURPHWU\�DQG�3URWHRPLFV�IDFLOLW\�

EHJDQ�GLJHVWLQJ�WKH�JHOV��$IWHU�WKH�JHOV�ZHUH�GLJHVWHG��WKH�0DVV�6SHFWURPHWU\�PDFKLQH�

FRQYHUWHG�WKH�VDPSOHV�LQWR�LRQV��7KH�LRQV�ZHUH�WKHQ�PRYHG�WKURXJK�D�PDVV�DQDO\]HU��

VHSDUDWLQJ�WKHP�E\�WKHLU�PDVV�WR�FKDUJH�UDWLR��)LQDOO\��DIWHU�WKH�LRQV�ZHUH�GHWHFWHG�DQG�

DPSOLILHG��WKH�LRQ�HQHUJ\�ZDV�FRQYHUWHG�LQWR�DQ�HOHFWULFDO�VLJQDO�DQG�WUDQVPLWWHG�WR�D�

FRPSXWHU��$Q�LQ�KRXVH�SURJUDP��5$:�0=;0/BQB0*)BEDWFK��PHUJH�SO��D�3HUO�

VFULSW���FRQYHUWHG�WKH�GDWH�LQWR�D�ILOH�ZKLFK�WKHQ�DOORZHG�LW�WR�EH�UDQ�LQ�SURJUDPV�VXFK�DV�

6ZLVV3URW��1&%,��DQG�0$6&27��LQ�RUGHU�WR�LGHQWLI\�SURWHLQV��7KH�SURWHLQV�WKDW�ZHUH�

LGHQWLILHG�XVLQJ�WKH�PXOWLWXGH�RI�GDWDEDVHV�ZHUH�DOVR�ILOWHUHG�LQWR�D�GHFR\�GDWDEDVH�WR�ILQG�

�
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DQ\�SRVVLEOH�IDOVH�GLVFRYHU\�UDWHV��)'5���3URWHLQV�WKDW�ZHUH�DFFHSWHG�FRQWDLQHG�D�0DVFRW�

VFRUH�RI����RU�KLJKHU�ZLWK�DW�OHDVW�WZR�XQLTXH�SHSWLGHV��

�
�

,,,�� 51$�,VRODWLRQ�
�

)UR]HQ�WLVVXH�VDPSOHV�ZHUH�JURXQG�LQ�OLTXLG�QLWURJHQ�XVLQJ�D�PRUWDU�DQG�SHVWOH�DQG�

SODFHG�LQWR�����PO�(SSHQGRUI�WXEHV��ILOOLQJ�WKHP�WR�URXJKO\�KDOIZD\�IXOO��7KHQ����PO�RI�

5LER]RO��$PUHVFR��ZDV�DGGHG�WR�HDFK�WXEH�DQG�YRUWH[HG�IRU�WHQ�VHFRQGV��1H[W��WKH�

VDPSOHV�ZHUH�FHQWULIXJHG�IRU�WHQ�PLQXWHV��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�DOO�FHQWULIXJLQJ�WKDW�

RFFXUUHG�LQ�WKLV�H[SHULPHQW�ZDV�GRQH�DW�WKH��������USPV��$IWHU�WKH�FHQWULIXJLQJ�ZDV�

SHUIRUPHG��ZLWK�WKH�VXSHUQDWDQW�ZDV�WKHQ�WUDQVIHUUHG�LQWR�QHZ�(SSHQGRUI�WXEHV��,Q�WKH�

SKDVH�VHSDUDWLRQ�VWDJH��WKH�WXEHV�ZHUH�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�IRU�ILYH�PLQXWHV�

DQG�WKHQ�PL[HG�ZLWK������/�RI�FKORURIRUP��7KLV�VROXWLRQ�ZDV�WKHQ�YRUWH[HG�IRU�ILIWHHQ�

VHFRQGV�DQG�DOORZHG�WR�VHW�VHYHQ�PLQXWHV�DW�URRP�WHPSHUDWXUH��$IWHU�WKH�VHYHQ�PLQXWHV��

WKH�WXEHV�ZHUH�SODFHG�LQ�WKH�FHQWULIXJH�IRU�ILIWHHQ�PLQXWHV��:KHQ�WKH\�ZHUH�UHPRYHG��

WKUHH�SKDVHV�ZHUH�DSSDUHQW��UHG��ZKLWH��DQG�FOHDU��7KH�FOHDU��XSSHU�DTXHRXV�SKDVH�LV�

ZKHUH�WKH�51$�LV�ORFDWHG��5RXJKO\�����RI�WKLV�ZDV�WKHQ�UHPRYHG�DQG�SODFHG�LQWR�IUHVK�

(SSHQGRUI�WXEHV�ZLWK������/�RI�LVRSURSDQRO��$IWHU�DERXW�ILYH�PLQXWHV�RI�LQFXEDWLQJ�LQ�

WKH�LVRSURSDQRO��WKH�WXEHV�ZHUH�FHQWULIXJHG�IRU�HLJKW�PLQXWHV��7KHQ��WKH�VXSHUQDWDQW�ZDV�

GHFDQWHG��OHDYLQJ�WKH�51$�SHOOHW�EHKLQG��������/�RI�����HWKDQRO�ZDV�DGGHG�ZLWK�WKH�

SHOOHWV��YRUWH[HG�EULHIO\��DQG�FHQWULIXJHG�IRU�ILYH�PLQXWHV��$JDLQ��WKH�VXSHUQDWDQW�ZDV�

UHPRYHG��7KLV�WLPH��WKH�SHOOHW�ZDV�DOORZHG�WR�DLU�GU\��QRW�FRPSOHWHO\��IRU�URXJKO\�WKUHH�

WR�ILYH�PLQXWHV��7KH�51$�SHOOHW�ZDV�WKHQ�GLVVROYHG�LQ������/�51DVH�IUHH�ZDWHU�

�
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�$PUHVFR��DQG�DOORZHG�WR�LQFXEDWH�DW�URRP�WHPSHUDWXUH�IRU�WHQ�PLQXWHV��&ROOHFWHG�51$�

VDPSOHV�ZHUH�WKHQ�VWRUHG�LQ�WKH�����&�FRROHU��

7R�FRQILUP�SURGXFW��DQ�51$������DJDURVH�JHO�ZDV�UDQ�������JUDPV�RI�DJDURVH�ZDV�

KHDWHG�ZLWK����PO�73(��:KLOH�WKH�JHO�ZDV�VHWWLQJ������/�RI�51$�ZDV�FROOHFWHG�IURP�WKH�

VWRUHG�WXEHV��KHDWHG�IRU�ILYH�PLQXWHV�DW����&�DQG�SXW�RQ�LFH��7KHQ�����/�RI�$JDURVH�*HO�

/RDGLQJ�'\H��;��$PUHVFR��ZDV�DGGHG�ZLWK�WKH�51$�DQG�WKHQ�ORDGHG�LQWR�WKH�ZHOOV��7KH�

JHO�ZDV�UXQ�DW����YROWV������DPSV��IRU����PLQXWHV��:KHQ�WKH�JHO�ILQLVKHG�UXQQLQJ��LW�ZDV�

UHPRYHG�DQG�SODFHG�LQ�D�FRQWDLQHU�FRQWDLQLQJ�HWKLGLXP�EURPLGH�����J�PO�DQG�GHLRQL]HG�

ZDWHU�IRU�WZHQW\�PLQXWHV��7KH�JHO�ZDV�WKHQ�LPDJHG�XVLQJ�D�89�OLJKW��

�
�

,9�� 3ULPHU�6HOHFWLRQ�
�

3ULPHUV�ZHUH�VHOHFWHG�DQG�XVHG�LQ�WKLV�VWXG\�IRU�ERWK�57�3&5�DQG�T57�3&5��

$PRQJ�WKRVH�VHOHFWHG�ZDV�KLVWRQH����KLV�����7KLV�KLV���ZDV�VHOHFWHG�DV�D�FRQWURO�EHFDXVH�

WUDQVFULSWLRQ�ZDV�SUHYLRXVO\�IRXQG�WR�UHPDLQ�FRQVWDQW�UHJDUGOHVV�RI�WKH�FDUERQ�VRXUFH�RQ�

ZKLFK�LW�ZDV�JURZQ��.RU\�*HRUJH�06�7KHVLV���,Q�DGGLWLRQ��SULPHU����1&8�����)��DQG�

SULPHU����1&8�����5��JHQHV�ZHUH�XVHG�RQ�SUHYLRXVO\�VHTXHQFHG�JHQHV�DQG�KDG�VKRZQ�

DPSOLILFDWLRQ�RI�WUDQVFULSWLRQ��)LQDOO\��S\UXYDWH�FDUER[\ODVH��SU\�FDUE��ZDV�VHOHFWHG�DV�D�

JHQH�IRU�IXUWKHU�VWXG\�GXH�WR�LWV�IUHTXHQF\��)RXQG�LQ�VSRW�WZR�IURP�WKH�PDVV�VSHFWURPHWU\�

DQDO\VLV��LW�ZDV�WKHQ�IXUWKHU�H[DPLQHG��:LWK�WKH�VHTXHQFH��D�3ULPHU�%/$67�ZDV�H[HFXWHG�

LQ�1&%,�DQG�WKH�VHTXHQFH�FORVHVW�WR�D�����EDVH�SDLU�VHTXHQFH�ZDV�VHOHFWHG��3ULPHU�SDLU���

FRQWDLQHG�D�SURGXFW�OHQJWK�RI�H[DFWO\�����DQG�ZDV�FRQVHTXHQWO\�FKRVHQ�DV�WKH�EHVW�SULPHU�

VHW��

�
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9,�� 57�3&5�
�

3URWRFRO�IURP�4,$*(1�2QH6WHS�57�3&5�.LW�ZDV�IROORZHG�ZLWK�JHQH�VSHFLILF�

SULPHUV�LQ�RUGHU�WR�FUHDWH�D�FRPSOHPHQWDU\�VWUDQG�RI�'1$�IURP�WKH�51$��7R�EHJLQ��WKH�

FRQFHQWUDWLRQ�IURP�DOO�WKH�VDPSOHV�ZHUH�TXDQWLWDWHG�XVLQJ�D�1DQR'URS�

6SHFWURSKRWRPHWHU��7KH�VDPSOHV�ZHUH�GLOXWHG�GRZQ�WR�UHDFK�URXJKO\�WKH�VDPH�

FRQFHQWUDWLRQ��7KHQ��LQ�D�����ml Eppendorf tube, 5 �/��[�%XIIHU�����/�G173�����/�

(Q]\PH�0L[�����/�3ULPHU�$�����/�3ULPHU�%������/�51DVH�)UHH�:DWHU��DQG����/�51$�

VDPSOH�ZHUH�DGGHG�DQG�SODFHG�LQWR�WKH�7KHUPDO�&\FOHU��7KH�VDPSOH�ZHUH�UXQ�DV�

573&5���DW�����/��7KH�WKHUPDO�F\FOHU�VXEMHFWV�WKH�VDPSOHV�WR�YDULRXV�WHPSHUDWXUHV��7KH�

ILUVW�WKLUW\�PLQXWHV��UHYHUVH�WUDQVFULSWDVH�ZDV�DFWLYDWHG�DW����&��7KHQ��WKH�+RW6WDU7DT�

'1$�3RO\PHUDVH�LV�DFWLYDWHG�DIWHU�WHPSHUDWXUHV�UHDFKHG����&��'XULQJ�WKLV�ILIWHHQ��

PLQXWH�SHULRG��UHYHUVH�WUDQVFULSWDVH�LV�LQDFWLYDWHG��1H[W��WKH�WHPSODWH�51$�XQGHUJRHV�D�

VHULHV�RI�WKUHH�F\FOHV��GHQDWXULQJ�����&���DQQHDOLQJ��������&���DQG�H[WHQVLRQ�����&���

7KHVH�F\FOHV�RFFXU�IRU�URXJKO\�������URXJKO\�������F\FOHV��2QFH�WKH�7KHUPRF\FOHU�LV�

ILQLVKHG��D����DJDURVH�JHO�ZDV�SUHSDUHG�XVLQJ����PO�73(�DQG�����J�DJDURVH��2QFH�WKH�JHO�

VHW������/�RI�VDPSOH�ZDV�PL[HG�DQG�ORDGHG�ZLWK����/�(=�9LVLRQ�'\H��$���NE�DQG�����ES�

ODGGHU�ZHUH�DOVR�XVHG�DW�GLIIHUHQW�WLPHV�DQG�SODFHG�LQ�WKH�ILUVW�ODQH��$IWHU�WKH�JHO�ZDV�

ORDGHG��LW�ZDV�UXQ�DW����YROWV������DPSV��IRU����PLQXWHV��2QFH�LW�ZDV�ILQLVKHG��WKH�JHO�ZDV�

UHPRYHG��DQG�LPDJHG�XQGHU�D�89�OLJKW�ER[��7KUHH�VHSDUDWH�JHQHV�ZHUH�WHVWHG�XVLQJ�57��

3&5��VHH�WDEOH�����

�
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7DEOH����3ULPHU�6HOHFWLRQV�
�

Gene  Name  Primer 

Histone 3  H3F2  5’ AGA TTC GTC GCT ACC AGA AG 3’ 

Histone 3  H3R2  5’ CGG AGG TCG GAC TTG AAG 3’ 

Primer 1  NCU 8332F  5’ TCG GCG ATA TCC TCA TCC T 3’ 

Primer 2  NCU 8332 R  5’ GGG AGG TTC TGC TTG ACA TC 3’ 

qay  qay F1  5’ GGT ATC AAT GCC ATC AAC TAT TAC 3’ 

qay  qay R1  5’ GCC ACA GAA GCC AGA TAA TG 3’ 

Pyruvate 

carboxylase 

prycarb f  5’ TGG ACA ATA CAC CCC CGT TG 3’ 

Pyruvate 

carboxylase 

prycarb r  5’ AGA CCT TGT CAC CAA GAG CG 3’ 

�
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9,,�� 6<%5�*UHHQ�T57�3&5�
�

�[�6<%5�*UHHQ�0DVWHU�0L[��3ULPHU�$�DQG�%��4XDQWL)DVW�57�0L[��DQG�7HPSODWH�

51$��ZHUH�WKDZHG�RXW�RYHU�LFH�DQG�FRYHUHG�VR�OLJKW�ZRXOG�QRW�GHJUDGH�DQ\�RI�WKH�

FRPSRQHQWV��:KLOH�WKHVH�PL[HV�WKDZHG��D�GLOXWLRQ�VHULHV�RI�HDFK�51$�VDPSOH�ZDV�

FUHDWHG��)RU�HDFK�VDPSOH��WKUHH�����PO�(SSHQGRUI�WXEHV�ZHUH�VHOHFWHG�ZLWK�WKH�ILUVW�

FRQWDLQLQJ�����/�MXVW�51$��7KH�VHFRQG�DQG�WKLUG�WXEH�UHFHLYHG�����/�RI�51DVH�)UHH�

:DWHU��$PUHVFR���:LWK�WKH�ILUVW�WXEH������/�RI�51$�ZDV�WUDQVIHUUHG�LQWR�WXEH�WZR��

PL[HG�ZLWK�WKH�ZDWHU��DQG�WKHQ�����/�RI�WKLV�VDPSOH�ZDV�PRYHG�LQWR�WXEH�WKUHH��7KLV�

SURFHVV�ZDV�UHSHDWHG�IRU�HDFK�51$�VDPSOH��$IWHU�WKH�VROXWLRQV�DERYH�WKDZHG��D�PDVWHU�

PL[�ZDV�FUHDWHG��)RU�HDFK�UHDFWLRQ������/�6<%5�*UHHQ��������/�57�0L[�����/�3ULPHU�

$�����/�3ULPHU�%��DQG�������/�51DVH�)UHH�:DWHU��$PUHVFR��ZHUH�DGGHG�LQWR�D�����PO�

(SSHQGRUI�WXEH�DQG�SODFHG�EDFN�RQ�LFH��:LWK�D����ZHOO�SODWH�����/�51$�ZDV�DGGHG�GRZQ�

WKH�URZ�ZLWK�WKH�ILUVW�51$�WXEH�DW�IXOO�GLOXWLRQ�LQ�WKH�ILUVW�RQH��VHFRQG�URZ�ZLWK�WKH�

VHFRQG�GLOXWLRQ��DQG�WKH�WKLUG�URZ�ZLWK�WKH�ILQDO�GLOXWLRQ��7KH�ODVW�URZ�FRQWDLQHG�D�EODQN�

VWDQGDUG�RI����/�51DVH�)UHH�:DWHU��$PUHVFR��DQG�����/�0DVWHU�0L[������/�RI�0DVWHU�

0L[�ZDV�DOVR�DGGHG�WR�DOO�WKH�ZHOOV�FRQWDLQLQJ�51$�DV�ZHOO��%LR�5DG�L4��5HDO�7LPH�

3&5�'HWHFWLRQ�6\VWHP���2QFH�WKH�ZHOOV�ZHUH�ILOOHG��WKH�SODWH�ZDV�VHDOHG�DQG�SODFHG�LQ�D�

FHQWULIXJH�XQWLO�LW�UHDFKHG�����530V��2QFH�LQ�WKH�T57�3&5�PDFKLQH��WKH�VDPSOHV�UDQ�IRU�

DSSUR[LPDWHO\�WKUHH�KRXUV��'XULQJ�WKLV�WLPH��WKH�'1$�ZHQW�WKURXJK�D�VHULHV�RI�

GHQDWXULQJ��DQQHDOLQJ��DQG�H[WHQVLRQ��,Q�WKH�ILUVW�VWHS��GHQDWXULQJ��WKH�'1$�SDWWHUQ�LV�

GLVUXSWHG��7KLV�LV�LPSRUWDQW�EHFDXVH�WKH�FRYDOHQW�ERQGV�KROGLQJ�WKH�'1$�WRJHWKHU�PXVW�

EH�EURNHQ�LQ�RUGHU�IRU�WKHP�WR�FRSLHG�DQG�UHSHDWHG��7KLV�RFFXUV�IRU�WKH�ILUVW����PLQXWHV�DW�

���&��2QFH�WKLV�VWHS�LV�FRPSOHWHG��WKH�'1$�XV�DPSOLILHG�DQG�TXDQWLWDWHG��7KLV�RFFXUV�LQ�

�
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D�VHULHV�RI����F\FOHV�ZLWK�GHQDWXULQJ�SKDVHV�RFFXUULQJ�IRU����VHFRQG�SHULRGV�DW����&��

IROORZHG�E\����VHFRQGV�RI�DQQHDOLQJ�DQG�H[WHQVLRQ�SKDVHV�DW����&��8SRQ�FRPSOHWLRQ�RI�

HDFK�F\FOH��DQ�H[WHQVLRQ�SHULRG�ZRXOG�RFFXU�IRU���PLQXWHV�DW����&��$W�WKH�HQG�RI�HDFK�

H[WHQVLRQ�SKDVH��D�FDPHUD�ZRXOG�UHFRUG�WKH�OHYHO�RI�IOXRUHVFHQFH�JHQHUDWHG�E\�WKH�6<%5�

JUHHQ�LQ�WKH�'1$��2QFH�WKH�F\FOHV�ZHUH�FRPSOHWHG��WKH�GDWD�REWDLQHG�FRPSDUHG�WKH�JHQH�

RI�LQWHUHVW��SU\�FDUE��ZLWK�+LVWRQH����WKH�UHIHUHQFH�JHQH��,Q�DGGLWLRQ��FRPSDUDWLYH�

WKUHVKROG�F\FOH���í�ǻǻ&W��PHWKRG�ZDV�XVHG�LQ�RUGHU�WR�SUHVHQW�WKH�QRUPDOL]HG�IROG�FKDQJH�

RI�WKH�JHQH�RI�LQWHUHVW�ZKHQ�H[SRVHG�DQG�QRW�H[SRVHG�WR�TXLQLF�DFLG�DJDLQVW�WKH�UHIHUHQFH�

JHQH��

�
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&KDSWHU���

5HVXOWV�

,�� ,QWURGXFWLRQ�
�

1HXURVSRUD�KDV�VHUYHG�DV�D�PRGHO�RUJDQLVP�IRU�JHQRPLF�DQG�SURWHRPLF�UHVHDUFK�

VLQFH�%HDGOH�DQG�7DWXP¶V�ZRUN�LQ�WKH�����¶V��$V�WKH�ILUVW�WR�ILQG�1HXURVSRUD�PXWDQWV��

%HDGOH�DQG�7DWXP��VROLGLILHG�WKH�LGHD�WKDW�JHQHV�FRQWUROOHG�WKH�SURFHVVHV�RI�OLIH��:LWK�

VLPSOH�QXWULWLRQDO�UHTXLUHPHQWV�DQG�D�JHQRPH�WKDW�KDV�EHHQ�FRPSOHWHO\�VHTXHQFHG��

1HXURVSRUD�LV�HYHQ�XVHG�DV�D�UHIHUHQFH�RUJDQLVP�IRU�RWKHU�IXQJL��'DYLV�DQG�3HUNLQV�

�������

0XWDQW�VWUDLQV�RI�1��FUDVVD�KDYH�EHHQ�RI�VLJQLILFDQW�LPSRUWDQFH�LQ�SDVW�UHVHDUFK�

ZKHQ�GHWHUPLQLQJ�ZKHUH�FKDQJHV�LQ�JHQH�H[SUHVVLRQ�RFFXUUHG��%HFDXVH�JHQH�H[SUHVVLRQ�

LV�WLJKWO\�UHJXODWHG��WKH�RUJDQLVP�LV�DEOH�WR�FRQVHUYH�HQHUJ\�IURP�DYRLGLQJ�XQQHFHVVDU\�

SURGXFWLRQ��7KH�SUHIHUUHG�FDUERQ�VRXUFH�IRU�IXQJL�LV�FDUERK\GUDWHV��VXFK�DV�JOXFRVH�RU�

VXFURVH��%XW��ZKHQ�WKHVH�DUH�QRW�DYDLODEOH��WKH�IXQJXV�LV�DEOH�WR�V\QWKHVL]H�VHFRQGDU\�

PHWDEROLWHV��VXFK�DV�TXLQLF�DFLG��3DOPHU�DQG�.HOOHU��������4XLQLF�DFLG�FDQ�EH�IRXQG�

HQYLURQPHQWDOO\�LQ�WKH�OHDYHV�RI�VRPH�SODQWV�RU�LQ�FRIIHH�EHDQV��:KHQ�XVHG�DV�D�

VHFRQGDU\�PHWDEROLWH��LW�LV�FRQYHUWHG�DQG�HYHQWXDOO\�HQWHUV�WKH�.UHEV�F\FOH�DV�VXFFLQDWH�

RU�DFHW\O�&R$���.XVZDQGL�������

:KHQ�1HXURVSRUD�GHSOHWHV�DOO�SUHIHUUHG�FDUERQ�VRXUFHV��LW�HQWHUV�D�SHULRG�RI�

VWUHVV��7KLV�VWUHVV�PDWULFXODWHV�LQ�WKH�RUJDQLVP�DQG�FDXVHV�D�GHOD\�LQ�JURZWK��7R�

FRPSHQVDWH��WKH�RUJDQLVP�XS�RU�GRZQ�UHJXODWHV�JHQHV�WR�PHWDEROL]H�VHFRQGDU\�FDUERQ�

VRXUFHV��2QH�VXFK�VHFRQGDU\�FDUERQ�VRXUFH�LV�TXLQLF�DFLG��7KH�TXLQLF�DFLG�TD�JHQH�FOXVWHU�

IRXQG�LQ�1��FUDVVD�LV�FRPSULVHG�RI�VHYHQ�JHQHV��TD����TD����TD����TD�\��TD�[��TD��)��DQG�

�
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TD��6��7KH�ILUVW�WKUHH�OLVWHG�DUH�VWUXFWXUDO�JHQHV��7KH\�KHOS�WKH�RUJDQLVP�XWLOL]H�TXLQLF�

DFLG�DV�D�FDUERQ�VRXUFH�E\�FRQYHUWLQJ�TXLQLF�DFLG�LQWR�SURWRFDWKHFKXLF�DFLG��4D�\�LV�DOVR�

D�VWUXFWXUDO�JHQH�WKDW�IXQFWLRQV�WR�HQFRGH�TXLQDWH�SHUPHDVH��DOORZLQJ�IRU�TXLQLF�DFLG�WR�EH�

WDNHQ�LQWR�WKH�FHOO��7KH�IXQFWLRQ�RI�WKH�ILIWK�VWUXFWXUDO�JHQH��TD�[��LV�VWLOO�XQNQRZQ��7KH�

UHJXODWRU\�JHQHV�TD��)�DQG�TD��6�DUH�DFWLYDWRU�DQG�UHSUHVVRU�SURWHLQV��7UDQVFULSWLRQ�LV�

RQO\�FDUULHG�RXW�ZKHQ�WKH�UHSUHVVRU�SURWHLQ��TD��6�LV�UHOHDVHG��DOORZLQJ�IRU�WKH�DFWLYDWRU�

SURWHLQ��TD��)��WR�LQLWLDWH�WUDQVFULSWLRQ��*HHYHU�HW�DO����������3UHYLRXV�ZRUN�KDV�

GHWHUPLQHG�WKDW�WKH�WUDQVFULSWLRQ�RI�PDQ\�RWKHU�JHQHV�LV�DOVR�DIIHFWHG�E\�XWLOL]LQJ�TXLQLF�

DFLG�DV�D�FDUERQ�VRXUFH��/RJDQ�HW�DO����������7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�LGHQWLI\�

FKDQJHV�LQ�WKH�SURWHRPH�WKDW�RFFXU�DV�D�UHVXOW�RI�PHWDEROL]LQJ�TXLQLF�DFLG��

�
�

,,�� 0DWHULDOV�DQG�0HWKRGV�
�

Tissue Growth 
 

:LOG�W\SH�1HXURVSRUD�FUDVVD���$��)*6&��������VWUDLQ�ZDV�REWDLQHG�IURP�WKH�

ODERUDWRU\�VWRFN�FROOHFWLRQ�DQG�WKH�4D��)�NQRFNRXW�PXWDQW��)*6&���������ZDV�REWDLQHG�

IURP�WKH�)XQJDO�*HQHWLFV�6WRFN�&HQWHU��6WUDLQV�ZHUH�JURZQ�RQ�9RJHO¶V�PLQLPDO�PHGLD��

���VXFURVH��DQG������DJDU�IRU�WZR�GD\V�DW����&��$IWHU�WKH�WZR�GD\V��WKH�VDPSOHV�ZHUH�

PRYHG�XQGHU�IOXRUHVFHQW�OLJKWV�ZKHUH�WKH\�UHPDLQHG�IRU�LQ�DGGLWLRQDO�WZR�ZHHNV��

$IWHU�JURZLQJ�1HXURVSRUD�FUDVVD�IRU�DSSUR[LPDWHO\�WZR�ZHHNV��FRQLGLD�ZHUH�

KDUYHVWHG�XVLQJ�OLTXLG�9RJHO¶V��$IWHU�ILOWHULQJ�WKH�FRQWHQWV�WKURXJK�D�VWHULOH�FKHHVHFORWK��

WKH\�ZHUH�WKHQ�GLYLGHG�LQWR�QHZ�OLTXLG�9RJHO¶V�IODVNV�FRQWDLQLQJ����VXFURVH�DQG�SODFHG�

LQ�D����&�LQFXEDWRU�VKDNLQJ�DW�����530�RYHUQLJKW��7KH�QH[W�PRUQLQJ��WKH�P\FHOLXP�

ZHUH�DJDLQ�ILOWHUHG�DQG�ZDVKHG�LQ�VWHULOH�ZDWHU��+DOI�ZHUH�UHSODFHG�LQWR�D�QHZ�IODVN�RI�

�
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9RJHO¶V�SOXV����VXFURVH�ZKLOH�WKH�RWKHU�KDOI�ZDV�SODFHG�LQWR�D�IODVN�FRQWDLQLQJ�9RJHO¶V�

SOXV����TXLQLF�DFLG��7KH�WZR�IODVNV�ZHUH�DJDLQ�SODFHG�EDFN�RQ�LQWR�WKH�VKDNHU�IRU�WKUHH�

KRXUV��2QFH�WKH�WKUHH�KRXUV�ZHUH�XS��HDFK�IODVN�ZDV�ILOWHUHG�VHSDUDWHO\��7KH�P\FHOLD�SDGV�

FROOHFWHG�ZHUH�SODFHG�LQ�WLQ�IRLO�DQG�VWRUHG�DW�����&��$UQHWW��������

�
Protein Isolation 

 
7KH�IUR]HQ�P\FHOLD�SDGV�ZHUH�JURXQG�LQ�OLTXLG�QLWURJHQ�XVLQJ�D�PRUWDU�DQG�SHVWOH��

SODFHG�LQWR�(SSHQGRUI�WXEHV�DQG�WUHDWHG�ZLWK�D�O\VLV�EXIIHU��200 mM TrisHCl, 10 mM 

NaCl, 0.5 mM Deoxycholate). After vortexing and icing for three minutes, the tissue 

was then centrifuged. The supernantant that remained was then collected and 

stored at 70°C. 

 

OneDimensional Gel Electrophoresis 
 

2QFH�VWRUHG�VDPSOHV�ZHUH�WKDZHG��WKH\�ZHUH�VRQLFDWHG�DQG�DQDO\]HG�XVLQJ�D�����

6'6�SRO\DFU\ODPLGH�JHO�HOHFWURSKRUHVLV��6'6�3$*(���$OO�SURWRFRO�DV�GHVFULEHG�E\�WKH�

PDQXIDFWXUHU�ZDV�IROORZHG�ZKLOH�SHUIRUPLQJ�D�RQH�GLPHQVLRQDO�JHO�HOHFWURSKRUHVLV��7KH�

VDPSOHV�ZHUH�WKHQ�ORDGHG�LQ�WKH�JHO�DQG�DOORZHG�WR�UXQ�IRU�RQH�KRXU��7KH�VPDOOHU�WKH�

SURWHLQ��WKH�IDVWHU�LW�ZDV�DEOH�WR�PLJUDWH�WKURXJK�WKH�JHO��ZKLOH�WKH�ODUJHU�SURWHLQV�

UHPDLQHG�WRZDUGV�WKH�WRS��7KLV�PLJUDWLRQ�ZDV�GXH�WR�WKH�QHJDWLYH�FKDUJH�SURWHLQV�

SRVVHVV��:KHQ�H[SRVHG�WR�WKH�SRVLWLYH�HOHFWULFDO�FKDUJH��WKH�SURWHLQV�PLJUDWHG�IURP�WKH�

WRS�ZHOOV�WKURXJK�WKH�SRO\DFU\ODPLGH�JHO��3URWHLQ�SURILOHV�ZHUH�WKHQ�FUHDWHG�IRU�HDFK�

FRQGLWLRQ�XVLQJ�4XDQWLW\�2QH����'�DQDO\VLV�VRIWZDUH��2QFH�FUHDWHG��WKH\�ZHUH�HDFK�

FRPSDUHG�DJDLQVW���$�JURZQ�LQ�VXFURVH��%\�SODFLQJ�WZR�FRQGLWLRQV�WRJHWKHU��XQLTXH�

SHDNV�ZHUH�VSRWWHG�DQG�PDUNHG��2QFH�VHOHFWHG�WKH�SHDNV�ZHUH�PDWFKHG�XS�WR�WKHLU�

�
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DSSURSULDWH�EDQG�IRXQG�LQ�WKH�����6'6�SRO\DFU\ODPLGH�JHO�DQG�H[FLVHG�XVLQJ�D�7;�����

����PP�[����PP��*HO�([WUDFWLRQ�7LS��(DFK�EDQG�ZDV�SODFHG�LQWR�D�VHSDUDWH�(SSHQGRUI�

WXEH��ODEHOHG��DQG�SUHVHUYHG�ZLWK����DFHWLF�DFLG��7KHQ��WKH\�ZHUH�VKLSSHG�WR�WKH�2KLR�

6WDWH�8QLYHUVLW\�0DVV�6SHFWURPHWU\�/DE�IRU�DQDO\VLV��

�

Mass Spectrometry 

0DVV�6SHFWURPHWU\�ZDV�SHUIRUPHG�RQ�IRXU�VDPSOHV�SLFNHG�IURP���$�JURZQ�LQ�

TXLQLF�DFLG��(DFK�EDQG�FRQWDLQHG�SURWHLQV�WKDW�RQO\�PLJUDWHG�WR�WKDW�DUHD��EXW�HDFK�EDQG�

ZDV�DEOH�WR�SURGXFH�RYHU�D�KXQGUHG�GLIIHUHQW�HQ]\PHV��7KRVH�WKDW�ZHUH�QRW�FRPLQJ�XS�DV�

1HXURVSRUD�FUDVVD�ZHUH�H[FOXGHG��%DQG���ZDV�VHOHFWHG�IRU�IXUWKHU�LQYHVWLJDWLRQ�ZLWK�

T57�3&5��:LWKLQ�EDQG����S\UXYDWH�FDUER[\ODVH�ZDV�WKHQ�SODFHG�LQ�1&%,�3ULPHU�%ODVW�LQ�

RUGHU�WR�VHOHFW�D�SULPHU�RI�DSSURSULDWH�OHQJWK�����ES���)LJXUH�����

�
Gene Expression 

 
$IWHU�SURWHRPLF�GDWD�ZDV�FROOHFWHG��P51$�H[SUHVVLRQ�ZDV�PHDVXUHG�RQ�FHUWDLQ�

JHQHV�XVLQJ�T57�3&5��7R�LVRODWH�51$��IUR]HQ�WLVVXH�KDG�WR�EH�WUHDWHG�ZLWK�5LER=RO�

�$PUHVFR��DQG�JR�WKURXJK�D�VHULHV�RI�SKDVH�VHSDUDWLRQV�DV�GHVFULEHG�E\�WKH�PDQXIDFWXUHU��

$IWHU�WKH�51$�ZDV�FROOHFWHG��SXULW\�ZDV�WHVWHG�XVLQJ�D�1DQR'URS�6SHFWURSKRWRPHWHU��

&RQFHQWUDWLRQV�ZHUH�QRUPDOL]HG�WR�URXJKO\�����QDQRJUDPV�ZLWK�SXULW\�UHDGLQJV�DERYH�
�

�����3&5�ZDV�FDUULHG�RXW�WR�FKHFN�IRU�FRQWDPLQDWLRQ�DQG�FRQILUP�WKDW�'1$�ZDV�LQGHHG�

SUHVHQW��2QFH�WKLV�ZDV�ILQLVKHG��WKH�51$�ZDV�WKHQ�UHDG\�IRU�T57�3&5�DQDO\VLV��+LVWRQH��

��SULPHUV�ZHUH�XVHG�DV�D�KRXVHNHHSLQJ�JHQH�EDVHG�RQ�LWV�DELOLW\�WR�UHPDLQ�UHODWLYHO\�

FRQVWDQW�UHJDUGOHVV�RI�WKH�HQYLURQPHQWDO�FRQGLWLRQV�WKDW�1HXURVSRUD�FDQ�EH�VXEMHFWHG�WR��

�
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7KH�ODVW�SULPHU�XVHG�ZDV�S\UXYDWH�FDUER[\ODVH��FKRVHQ�IURP�WKH�SULPHU�%/$67�LQ�)LJXUH�

���

�
�

SYBR Green qRTPCR 
 

4XDQWLWDWLYH�UHYHUVH�WUDQVFULSWLRQ�3&5�ZDV�XVHG�IRU�LWV�DELOLW\�WR�GHWHFW�VXEWOH�

FKDQJHV�LQ�WUDQVFULSWLRQ�OHYHOV��5HDFWLRQV�ZHUH�SUHIRUPHG�XVLQJ�WKH�%LR�5DG�;;�.LW�DV�

GHVFULEHG�E\�WKH�PDQXIDFWXUHU�DQG�VDPSOHV�ZHUH�DQDO\]HG�XVLQJ�WKH�%LR5DG�L4��V\VWHP��

&RPSDUDWLYH�WKUHVKROG�F\FOH���í�ǻǻ&W��PHWKRG�ZDV�XVHG�LQ�RUGHU�WR�SUHVHQW�WKH�QRUPDOL]HG�

IROG�FKDQJH��

�
�

,,,�� 5HVXOWV�
�

7KH�SXUSRVH�RI�SURWHRPLFV�LV�WR�EH�DEOH�WR�LGHQWLI\�DOO�WKH�SURWHLQV�WKDW�DUH�SUHVHQW�

GXULQJ�D�GHILQHG�FRQGLWLRQ��6LQFH�JHQHV�FRQWURO�WKH�H[SUHVVLRQ�RI�SURWHLQV��SURWHLQ�

SURILOHV�ZHUH�ILUVW�FUHDWHG��,Q�ZLOG�W\SH�1HXURVSRUD�FUDVVD��ZKHQ�D�SUHIHUUHG�FDUERQ�

VRXUFH�LV�QRW�DYDLODEOH��DQ�LQGXFHU��VXFK�DV�TXLQLF�DFLG��ZLOO�ELQG�ZLWK�WKH�UHSUHVVRU�

SURWHLQ��TD��6��DOORZLQJ�WKH�DFWLYDWRU�SURWHLQ�WR�LQLWLDWH�WUDQVFULSWLRQ�RI�WKH�TD�JHQHV��

+RZHYHU��LQ�PRUH�IDYRUDEOH�FRQGLWLRQV��VXFK�DV�ZKHQ�VXFURVH�LV�DYDLODEOH��WUDQVFULSWLRQ�

RI�WKH�TD�JHQHV�DUH�VKXW�RII��%\�FRPSDULQJ�JURZWK�RQ�VXFURVH�YHUVXV�TXLQLF�DFLG��WKLV�

VWXG\�KHOSV�WR�GHWHUPLQH�ZKLFK�JHQHV�DUH�UHJXODWHG�ZKHQ�WKH�RUJDQLVP�VZLWFKHV�WR�

FDWDEROLWH�UHSUHVVLRQ��

7R�EHJLQ��WLVVXH�ZDV�JURZQ�LQ�ERWK�VXFURVH�DQG�TXLQLF�DFLG�DQG�KDUYHVWHG��3URWHLQ�

ZDV�LVRODWHG�DQG�HOHFWURSKRUHVHG�EHIRUH�EHLQJ�SODFHG�LQ�D�����SRO\DFU\ODPLGH�JHO��:KHQ�

WKH�JHO�ZDV�ILQLVKHG�UXQQLQJ��LW�ZDV�VWDLQHG�DQG�GHVWDLQHG��$IWHU�WKH�JHO�ZDV�VFDQQHG�LQWR�

�
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WKH�FRPSXWHU��SURWHLQ�SURILOHV�ZHUH�FUHDWHG�IRU�HDFK�FRQGLWLRQ��)LJXUH�����%\�SODFLQJ�WKH�

WZR�FRQGLWLRQV�QH[W�WR�HDFK�RWKHU��LW�ZDV�HDV\�WR�VSRW�GLIIHUHQFHV�LQ�SHDNV��7KH�SHDNV�

ZHUH�WKHQ�PDWFKHG�XS�WR�WKHLU�FRUUHVSRQGLQJ�EDQGV�RQ�WKH�JHO��)LJXUH�����7KH�IRXU�VSRWV�

WKDW�ZHUH�SLFNHG�ZHUH�FXW�RXW�RI�WKH�JHO�DQG�VHQW�WR�WKH�2KLR�6WDWH�8QLYHUVLW\�0DVV�

6SHFWURPHWU\�/DE�IRU�DQDO\VLV��(DFK�EDQG�FRQWDLQHG�SURWHLQV�WKDW�RQO\�PLJUDWHG�WR�WKDW�

DUHD��EXW�HDFK�VSRW�ZDV�DEOH�WR�SURGXFH�RYHU�D�KXQGUHG�GLIIHUHQW�HQ]\PHV��(Q]\PHV�WKDW�

GLG�QRW�EHORQJ�WR�1HXURVSRUD�FUDVVD�ZHUH�H[FOXGHG��)LJXUH�����%DQG���ZDV�VHOHFWHG�IRU�

IXUWKHU�LQYHVWLJDWLRQ�ZLWK�T57�3&5��:LWKLQ�EDQG����S\UXYDWH�FDUER[\ODVH�ZDV�WKHQ�

SODFHG�LQ�1&%,�3ULPHU�%ODVW�LQ�RUGHU�WR�VHOHFW�D�SULPHU�RI�DSSURSULDWH�OHQJWK�����ES��

�$SSHQGL[�)LJXUH�����

3\UXYDWH�FDUER[\ODVH�LV�LPSRUWDQW�WR�D�FHOO�LQ�RUGHU�WR�FRQYHUW�S\UXYDWH�LQWR�

R[DORDFHWDWH��8QOLNH�RWKHU�HXNDU\RWHV�WKDW�HQ]\PDWLFDOO\�EUHDN�GRZQ�S\UXYDWH�LQ�WKH�

PLWRFKRQGULD��1HXURVSRUD�FUDVVD�GR�VR�LQ�D�JO\R[\VRPH��ZKLFK�LV�D�VSHFLDOL]HG�IRUP�RI�D�

SHUR[LVRPH��7KLV�DUHD�LV�DOVR�ZKHUH�OLSLGV�WKDW�KDYH�EHHQ�VWRUHG�DUH�FRQYHUWHG�WR�

FDUERK\GUDWHV��7KH�UHDVRQ�IRU�WKH�FKDQJH�LV�WKDW�S\UXYDWH�FDUER[\ODVH�LQ�1��FUDVVD�LV�

LQLWLDWHG�E\�DF\O�&R$�GHK\GURJHQDVH�LQVWHDG�RI�R[LGDVH��7KLV�UHDFWLRQ�KHOSV�WR�UHSOHQLVK�

R[DORDFHWDWH�GXULQJ�DHURELF�JURZWK�RQ�JOXFRVH��,W�RFFXUV�DIWHU�SHULRGV�RI�UDSLG�JURZWK�

ZKHQ�R[DORDFHWDWH�OHYHOV�DUH�ORZ��7R�UHSOHQLVK��S\UXYDWH�DQG�$73�DFW�ZLWK�D�FDUER[\ODWH�

JURXS�RU�&2��GLVVROYHG�LQ�ZDWHU�WKURXJK�WKH�XVH�RI�S\UXYDWH�FDUER[\ODVH�WR�FUHDWH�

R[DORDFHWDWH�DQG�$'3��,Q�WXUQ��ELRWLQ�EHFRPHV�DFWLYDWHG��DOORZLQJ�LW�WR�WUDQVIHU�&2��

�.XQDX�HW�DO����������

%\�SHUIRUPLQJ�T57�3&5��RXU�JRDO�ZDV�WR�GHWHUPLQH�LI�DQ\�JHQHV�ZHUH�XS�RU�

GRZQ�UHJXODWHG�ZKHQ�1HXURVSRUD�ZDV�JURZQ�RQ�D�OHVV�IDYRUDEOH�FDUERQ�VRXUFH��(DFK�

�
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VDPSOH�ZDV�WHVWHG�LQ�WULSOLFDWH��DYHUDJHG��DQG�JLYHQ�GG&7�YDOXH�ZLWK�WKH�L4��VRIWZDUH��

7UDQVFULSWLRQ�RI�WKH�KLVWRQH���JHQH�ZDV�PHDVXUHG�DQG�VKRZQ�WR�EH�YDULDEOH��:KHUHDV��

SU\�FDUE�LQ���$�JURZQ�LQ�TXLQLF�DFLG�LV�GRZQ�UHJXODWHG��)LJXUH�����7KLV�LV�DQ�H[SHFWHG�

UHVXOW�VLQFH�S\UXYDWH�FDUER[\ODVH�LV�LPSRUWDQW�WR�WKH�RUJDQLVP�ZKHQ�JURZQ�LQ�D�

SUHIHUDEOH�FDUERQ�VRXUFH��2QFH�WKH�RUJDQLVP�VZLWFKHG�WR�TXLQLF�DFLG��LW�ZRXOG�QR�ORQJHU�

HQWHU�WKH�7&$�F\FOH�WKRXJK�WKH�VDPH�LQWHUPHGLDULHV��

�
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�
�

)LJXUH����3URWHLQ�3URILOH�
/DQH������$�6XFURVH�YV�/DQH������$�4XLQLF�$FLG�

Comparative trance of the protein profiles of N crassa 74A grown in sucrose 

(green line) and quinic acid (red line). 

�
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)LJXUH����3URWHLQ�SURILOH��%DQGV�ZLWK�FRUUHVSRQGLQJ�SHDNV�
0ROHFXODU�:HLJKW�/DGGHU�IROORZHG�E\�%6$�6WDQGDUGV�DQG�DQRWKHU�0:�/DGGHU��

7RS�LPDJH����$�JURZQ�RQ�VXFURVH�
%RWWRP�LPDJH����$�JURZQ�RQ�TXLQLF�DFLG�

(DFK�SHDN�FRUUHVSRQGV�WR�D�JHO�EDQG��$IWHU�FRPSDULQJ�IRU�XQLTXHQHVV��VSHFLILF�EDQGV�
DUH�H[FLVHG�IURP�RULJLQDO�JHO��

�
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�
)LJXUH����

3URWHLQ�EDQGV�VHOHFWHG�IRU�0DVV�6SHFWURPHWU\��
)LUVW�ODQH����$�6XFURVH�

6HFRQG�/DQH����$�4XLQLF�$FLG�/DQH�
7KH�SHDNV�VHOHFWHG�IURP�)LJXUH���ZHUH�PDWFKHG�WR�WKHLU�FRUUHVSRQGLQJ�EDQG�LQ�)LJXUH�
���7KHQ�WKH\�ZHUH�FXW��ODEHOHG��DQG�VHQW�IRU�PDVV�VSHFWURPHWU\�DQDO\VLV�DW�WKH�2KLR�

6WDWH�8QLYHUVLW\��
�
�
�
�
�

Figure 4: 
%DQG���IURP�)LJXUH���

0DVV�6SHFWURPHWU\�3DUWLDO�5HVXOWV�IURP�WKH�2KLR�6WDWH�8QLYHUVLW\�
3\UXYDWH�FDUER[\ODVH�ZDV�VHOHFWHG�DV�JHQH�RI�LQWHUHVW�

�
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�
�
�

�
�

)LJXUH����
([SUHVVLRQ�SURILOH�RI���$�JURZQ�LQ�VXFURVH����$��YV���$�JURZQ�LQ�TXLQLF�DFLG����4$���
'DWD�ZDV�REWDLQHG�XVLQJ�T57�3&5�DQG�TXDQWLILHG�XVLQJ�WKH�FRPSDUDWLYH�WKUHVKROG�F\FOH�
PHWKRG��5HVXOWV�VKRZ�D�GRZQ�UHJXODWLRQ�RI�S\UXYDWH�FDUER[\ODVH�LQ���$�JURZQ�LQ�TXLQLF�

DFLG��

�



31 

,9�� 'LVFXVVLRQ�
�

:KLOH�H[SRVHG�WR�HQYLURQPHQWDO�VWUHVVRUV��PDQ\�KRXVHNHHSLQJ�JHQHV�DUH�VKXW�RII�

RU�GRZQ�UHJXODWHG�E\�DQ�RUJDQLVP��7KRVH�WKDW�DUH�XS�UHJXODWHG�KHOS�HQVXUH�WKH�VXUYLYDO�RI�

WKH�VSHFLHV�E\�DOORZLQJ�LW�WR�DGDSW�WR�LWV�VXUURXQGLQJV��)RU�WKLV�UHVHDUFK��D�FRQWUROOHG�

HQYLURQPHQW�RI�VXFURVH�ZDV�XVHG�DQG�FRPSDUHG�DJDLQVW�D�OHVV�IDYRUDEOH�FRQGLWLRQ�RI�

TXLQLF�DFLG��3URWHRPLF�SURILOHV�ZHUH�FUHDWHG�DQG�FKHFNHG�IRU�XQLTXHQHVV��7KHQ��FKDQJHV�

LQ�WUDQVFULSWLRQ�ZHUH�FRPSDUHG�DJDLQVW�WKH�KRXVHNHHSLQJ�JHQH��+LVWRQH����

7KH�JHQHV�WKDW�WXUQHG�RQ�LQ�UHVSRQVH�WR�TXLQLF�DFLG�DUH�H[SHFWHG�WR�GLVSOD\�D�

VLJQLILFDQW�LQFUHDVH��,Q�WKLV�FDVH��ZH�GLVFRYHUHG�D�JHQH�WKDW�ZDV�GRZQ�UHJXODWHG�ZKHQ�WKH�

RUJDQLVP�ZDV�H[SRVHG�WR�TXLQLF�DFLG��6LQFH�LW�ZDV�QR�ORQJHU�EHQHILFLDO�IRU�1��FUDVVD�WR�

HQWHU�WKH�7&$�F\FOH�WKURXJK�WKLV�DQDSOHURWLF�UHDFWLRQ��LW�ZDV�VKXW�RII�DQG�DQRWKHU�URXWH�LV�

FKRVHQ��

$�OLPLWDWLRQ�RI�WKLV�VWXG\�ZDV�ODFN�RI�EHLQJ�DEOH�WR�VSHFLILFDOO\�WHVW�D�JHQH�UHODWLQJ�
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WKH�SUHVHQFH�RI�TXLQLF�DFLG��
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Appendix Figure 1: 
3ULPHU�%/$67�5HVXOWV�

KWWS���ZZZ�QFEL�QOP�QLK�JRY�WRROV�SULPHU��
EODVW�SULPHUWRRO�FJL"FWJBWLPH ����������	MREBNH\ 1M]S,9�V8$5�2O8B:)�['6-(<'�39�VL'J�
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