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$EVWUDFW�
0HWKHPRJORELQHPLD� LV� D� UDUH� DXWRVRPDO� UHFHVVLYH� JHQHWLF� GLVHDVH� FDXVHG� E\� GLVUXSWLYH� PXWDWLRQV� LQ� WKH�
&<%�5�� JHQH� �0,0�� ��������� +HUHLQ�� D� QRYHO� PXWDWLRQ� LV� UHSRUWHG� LQ� DQ� ,UDQLDQ� SDWLHQW� DIIHFWHG� ZLWK�
PHWKHPRJORELQHPLD� W\SH� ,,�� ,Q� WKLV�FDVH� VWXG\�� WKH�SDWLHQW� LV� SUHFLVHO\� GHVFULEHG� DFFRUGLQJ� WR� WKH� WKRURXJKO\�
FDUULHG�RXW�H[DPLQDWLRQV�DQG�ZRUNXSV��,Q�VR�GRLQJ�� WKH� SHULSKHUDO� EORRG� VDPSOH�ZDV�FROOHFWHG� WR�HYDOXDWH� WKH�
PHWKHPRJORELQ� OHYHO� DQG� 1$'+�&<%�5�� DFWLYLW\� WHVW�� 0RUHRYHU�� ZKROH�H[RPH� VHTXHQFLQJ� �:(6�� ZDV�
UHFUXLWHG� WR� LGHQWLI\� WKH�PXWDWLRQ� OHDGLQJ� WR� WKLV�GLVRUGHU�� 6XEVHTXHQWO\��6DQJHU� VHTXHQFLQJ�ZDV�HPSOR\HG� WR�
FRQILUP�WKH�GHWHFWHG�PXWDWLRQ��0DJQHWLF�5HVRQDQFH�,PDJLQJ�ZDV�DOVR�SHUIRUPHG�WR�H[SORUH�WKH�VWUXFWXUH�RI�WKH�
EUDLQ��$V�LGHQWLILHG�E\�WKH�EORRG�WHVW��WKH�PHWKHPRJORELQ�OHYHO�LQFUHDVHG�XS�WR������DQG�WKH�1$'+�&<%�5��
HQ]\PH�DFWLYLW\�VKRZHG�WR�EH������,8�J�RI�+E��$�QRYHO�KRPR]\JRXV�PXWDWLRQ�LQ�&<%�5���10B�����������
J������&!7��F����&!7��S�5��;��UV������������ZDV�LGHQWLILHG�DV�WKH�FDXVH�RI�WKH�0HWKHPRJORELQHPLD�W\SH�,,�
LQ� WKH�SUREDQG��7KLV�QRQVHQVH�PXWDWLRQ�DOWHUV�DUJLQLQH�WR�WKH�VWRS�FRGRQ�DW�SRVLWLRQ����RI�SURWHLQ�LQ�WKH�)$'�
ELQGLQJ� GRPDLQ� WKDW� UHVXOWV� LQ� D� WUXQFDWHG� SURWHLQ�� 7KH� 05,� UHYHDOHG� EUDLQ� DWURSK\� DQG� FRUSXV� FDOXVRP�
K\SRSODVWLFLW\��,W�ZDV�HVWDEOLVKHG�WKDW�WKLV�YDULDWLRQ�FDQ�OHDG�WR�0HWKHPRJORELQHPLD��7KH�SUREDQG�GHPRQVWUDWHV�
0HWKHPRJORELQHPLD� W\SH� ,,� SKHQRW\SH� VXFK� DV� F\DQRVLV�� VHYHUH�PHQWDO� UHWDUGDWLRQ��PLFURFHSKDO\�� DV�ZHOO� DV�
GHYHORSPHQWDO�GHOD\��7KH�EUDLQ�05,�UHYHDOHG�EUDLQ�DWURSK\�DQG�FRUSXV�FDOXVRP�K\SRSODVWLFLW\���
7KH�F\DQRVLV�V\PSWRP�LV�PDQDJHG�E\�GDLO\�DVFRUELF�DFLG�XSWDNH��
.H\ZRUGV��&<%�5��JHQH��0HWKHPRJORELQHPLD��1$'+�F\WRFKURPH�E��UHGXFWDVH�GH¿FLHQF\��

,QWURGXFWLRQ�
0HWKHPRJORELQHPLD� KDSSHQV� GXH� WR� DQ�
LQFUHDVHG� OHYHO� RI� PHWKHPRJORELQ�� ,W� LV�
FKDUDFWHUL]HG� E\� GHFUHDVHG� R[\JHQ�
FDUU\LQJ� FDSDFLW\� RI� UHG� EORRG� FHOOV�
UHVXOWLQJ� LQ� F\DQRVLV� DQG� K\SR[LD�� 7KLV�
FRQGLWLRQ� RFFXUV� WKURXJK� WKUHH�
PHFKDQLVPV�� DEQRUPDO� KHPRJORELQ� �+E�
0��WULJJHUHG�E\�Į�JORELQ�RU�ȕ�JORELQ�FKDLQ�
YDULDWLRQ��HQYLURQPHQWDO�H[SRVXUH�WR�PDQ\�
WR[LF� RU� R[LGDQW� DJHQWV� WKDW� FRQWULEXWH� WR�
WR[LQ�LQGXFHG�R[LGDWLRQ��DQG�GHILFLHQF\�RI�
PHWKHPRJORELQ�UHGXFWDVH�HQ]\PHV�VXFK�DV�
1$'+�F\WRFKURPH�E��UHGXFWDVH�������
,Q� QRUPDO� FLUFXPVWDQFHV�� DSSUR[LPDWHO\�
RQH� SHUFHQW� RI� KHPRJORELQ� LV� IRXQG� DV�

PHWKHPRJORELQ�� ,QFUHDVHG� FLUFXODWLQJ�
OHYHOV�RI�PHWKHPRJORELQ�XS�WR�����LQGXFH�
SDWLHQWV� WR� EHFRPH� V\PSWRPDWLF�� :KHQ�
PHWKHPRJORELQ� DPRXQWV� WR� ���� RI� WRWDO�
KHPRJORELQ�� LW� FDQ� OHDG� WR� YDVFXODU�
FROODSVH��FRPD��DQG�HYHQ�GHDWK��$XWRVRPDO�
UHFHVVLYH� KHUHGLWDU\� PHWKHPRJORELQHPLD�
�5+0�� LV� D� UDUH� FRQGLWLRQ� LQGXFHG� E\�
KRPR]\JRWH� RU� FRPSRXQG� KHWHUR]\JRWH�
PXWDWLRQ�LQ�WKH�&<%�5��JHQH��5+0�ZLWK�
SOHLRWURSLF� WLVVXH� HIIHFWV� GLYLGHV� LQWR� WZR�
FDWHJRULHV�� W\SH� ,� DQG� W\SH� ,,�� 7KH�
&<%�5�� JHQH� HQFRGHV� 1$'+�
F\WRFKURPH�E��UHGXFWDVH����7KLV�HQ]\PH�LV�
LQYROYHG� LQ� WKH� R[LGDWLRQ�UHGXFWLRQ�
UHDFWLRQ�� LW� FDWDO\]HV� WKH� WUDQVIHU� RI�



0DQRRFKHKUL�HW�DO

,UDQ�-��3HG�+HPDWRO�2QFRO���������9RO�����1R�����������������������������������������������������������������������������������������������

UHGXFLQJ� HTXLYDOHQWV� IURP� 1$'+� WR�
F\WRFKURPH�E���8OWLPDWHO\��F\WRFKURPH�E��
FDQ� DFW� DV� DQ� HOHFWURQ� GRQRU� DQG� UHGXFH�
PHWKHPRJORELQ� WR� KHPRJORELQ� ����� 7KH�
VWUXFWXUH� RI� WKH� 1$'+�&<%�5�� HQ]\PH�
FRQVLVWV� RI� WZR� IXQFWLRQDO� GRPDLQV� MRLQHG�
E\� D� IOH[LEOH� KLQJH�� 7KH� )$'�ELQGLQJ�
GRPDLQ� ORFDWHV� LQ� WKH� 1�WHUPLQDO� RI� WKH�
SURWHLQ�� EXW� WKH� 1$'+�ELQGLQJ� GRPDLQ�
H[LVWV� LQ� WKH� &�WHUPLQDO�� 7KHVH� WZR�
GRPDLQV� DUH� OLQNHG� E\� D� VPDOO� OLQNHU�
GRPDLQ� ZKLFK� LV� � D� UHTXLVLWH� SDUW� RI� WKH�
PDLQWHQDQFH�RI�WKH�HQ]\PH�VWUXFWXUH������
7KH� &<%�5�� JHQH� LV� ORFDWHG� RQ�
FKURPRVRPH� ��T���� VSDQV� PRUH� WKDQ� ���
NE� RI�'1$�� DQG� FRQWDLQV� QLQH� H[RQV� �����
7KLV� JHQH� SURGXFHV� WZR� LVRIRUPV� RI�
1$'+�F\WRFKURPH� E�� UHGXFWDVH� E\�
DOWHUQDWLYH� SURPRWHU�VSOLFLQJ�� PHPEUDQH�
ERXQG� LVRIRUP� DQFKRUHG� WR� WKH�
F\WRSODVPLF� IDFH� RI� WKH� HQGRSODVPLF�
UHWLFXOXP��PLWRFKRQGULDO� RXWHU�PHPEUDQH��
DQG� SODVPD�PHPEUDQH� LV� H[SUHVVHG� LQ� DOO�
FHOOV�� DQG� VROXEOH� LVRIRUP� ZKLFK� LV� RQO\�
H[SUHVVHG� LQ� HU\WKURF\WHV�� 7KHVH� WZR�
LVRIRUPV� DUH� WKH� VDPH� H[FHSW� IRU� WKH� 1�
WHUPLQDO� RI� WKH� HQ]\PHV� LQYROYHG� LQ�
DQFKRULQJ�WR�WKH�PHPEUDQH�ELOD\HU�������
0HPEUDQH�ERXQG� LVRIRUP� LQFOXGHV� DQ�
H[WUD�H[RQ�XSVWUHDP�RI�WKH�ILUVW�H[RQ�RI�WKH�
VROXEOH�LVRIRUP������7KH�PHPEUDQH�ERXQG�
LVRIRUP� FRQWDLQV� ���� DPLQR� DFLGV�
FRQVLVWLQJ� RI� FDWDO\WLF� DQG� PHPEUDQH�
ELQGLQJ� GRPDLQV�� LWIXQFWLRQV� LQ� VRPH�
SK\VLRORJLFDO� SURFHVVHV� VXFK� DV� IDWW\� DFLG�
HORQJDWLRQ� DQG� GHVDWXUDWLRQ�� FKROHVWHURO�
ELRV\QWKHVLV�� K\GUR[\ODWLRQ� RI� VWHURLG�
KRUPRQHV�� &<3�����PHGLDWHG�
GHWR[LILFDWLRQ�� DQG� GUXJ� PHWDEROLVP�� 7KH�
VROXEOH�LVRIRUP�FRQVLVWV�RI�����DPLQR�DFLG�
UHVLGXHV��,W�LV�SURGXFHG�IURP�WKH�WUDQVFULSW�
ZLWKRXW�H[RQ�RQH��VR�LW�FRQWDLQV�PHUHO\�WKH�
FDWDO\WLF� GRPDLQ� DQG� SOD\V� D� UROH� LQ�
PHWKHPRJORELQ�UHGXFWLRQ������0XWDWLRQV�LQ�
WKH� &<%�5�� VFDWWHUHG� WKURXJKRXW� WKH�
JHQH�� DQG� WKRVH� WKDW� WULJJHU� LQFRUUHFW�
VSOLFLQJ�� GLVWXUEDQFH� RI� WKH� DFWLYH� VLWH�� RU�
WUXQFDWLRQ� RI� WKH� HQ]\PH� DUH� JHQHUDOO\�
DVVRFLDWHG� ZLWK� W\SH� ,,�� ZKLFK� LV� D� PRUH�
VHYHUH� FDWHJRU\� ����� 0HWKHPRJORELQHPLD�

W\SH�,�LV�DWWULEXWHG�WR�GHIHFWV�LQ�WKH�VROXEOH�
LVRIRUP� WKDW� LV� UHVWULFWHG� WR� HU\WKURF\WHV�
DQG� PRVWO\� SUHVHQWV� QR� FOLQLFDO�
GHPRQVWUDWLRQV� RWKHU� WKDQ� F\DQRVLV�� LW� LV��
WKHUHIRUH�� D� ZHOO�WROHUDWHG� IRUP� DOWKRXJK�
SDWLHQWV� PD\� PDQLIHVW� DVVRFLDWHG�
V\PSWRPV�VXFK�DV�VKRUWQHVV�RI�EUHDWK�DQG�
PLOG� IDWLJXH�� VXEVHTXHQWO\�� ,Q� 5+0� W\SH�
,,�� ERWK� WKH� VROXEOH� DQG�PHPEUDQH�ERXQG�
LVRIRUPV�RI� WKH�HQ]\PH�DUH�GLVUXSWHG�WKXV�
DIIHFWLQJ�HU\WKURF\WHV�DQG�DOO�ERG\�WLVVXHV��
7\SH� ,,�PHWKHPRJORELQHPLD� LV�� WKHUHIRUH��
JHQHUDOL]HG� DQG� DVVRFLDWHG� ZLWK� PRUH�
VHYHUH�FRQGLWLRQV� WKDQ�F\DQRVLV�� LQFOXGLQJ�
PHQWDO� UHWDUGDWLRQ�� P\HOLQDWLRQ� GHIHFWV��
PLFURFHSKDO\�� JHQHUDOL]HG� G\VWRQLD�� DQG�
RWKHU� QHXURORJLF� V\PSWRPV� WKDW� PD\� EH�
UHODWHG�WR�WKH�PDLQ�UROH�RI�WKH�F\WRFKURPH�
E��V\VWHP�LQ�WKH�GHVDWXUDWLRQ�RI�IDWW\�DFLGV�
����� ,Q� WKH� SUHVHQW� VWXG\�� D� ��\HDU�ROG�
IHPDOH�LV�UHSRUWHG�ZLWK�D�QRYHO�SDWKRJHQLF�
YDULDQW� �10B����������� F����&!7��
S�5��;��� D� QRQVHQVH� PXWDWLRQ�� FDXVLQJ� D�
VHYHUH�IRUP�RI�5+0�,,���&\DQRVLV��VHYHUH�
PHQWDO� UHWDUGDWLRQ�� PLFURFHSKDO\��
GHYHORSPHQWDO� GHOD\�� JURZWK� UHWDUGDWLRQ��
KHDGDFKH�� K\SHUWRQLD�� DQG� PLOG� IDWLJXH�
KDYH�DOO�EHHQ�REVHUYHG�LQ�WKH�SUREDQG��7KH�
SDWLHQW�LV�KRPR]\JRXV�IRU�PXWDWLRQ��

&DVH�5HSRUW�
,Q� WKLV� FDVH� VWXG\�� WKH� SUREDQG� ZDV�
SK\VLFDOO\� H[DPLQHG� PHWLFXORXVO\��
$GGLWLRQDO� VXLWDEOH� ODERUDWRU\� DQG�
GLDJQRVWLF� WHVWV� ZHUH� FDUULHG� RXW�� 7KH�
SHULSKHUDO�EORRG�VDPSOH�ZDV�FROOHFWHG�IRU�
VXSSOHPHQWDU\� VWXGLHV��7KH�SDUHQWV� RI� WKH�
SUREDQG� ZHUH� H[DPLQHG� IRU� WKH� FRQFHUQV�
UHODWHG�WR�WKH�SXUSRVH�RI�WKH�VWXG\��:ULWWHQ�
LQIRUPHG�FRQVHQW�ZDV�REWDLQHG� IURP�HDFK�
VXEMHFW� LQGLYLGXDOO\� RU�� LQ� WKH� FDVH� RI�
PLQRUV��IURP�WKHLU�SDUHQWV��7KLV�VWXG\�ZDV�
DSSURYHG� E\� WKH� (WKLFDO� &RPPLWWHH� RI�
6KLUD]� 8QLYHUVLW\� RI� 0HGLFDO� 6FLHQFHV��
7KLV� DUWLFOH� ZDV� FRXFKHG� LQ� DFFRUGDQFH�
ZLWK�WKH�&$5(�VWDWHPHQW������
'1$�H[WUDFWLRQ�
*HQRPLF� '1$� ZDV� H[WUDFWHG� IURP� WKH�
SDWLHQW¶V�SHULSKHUDO�ZKLWH�EORRG�FHOOV�XVLQJ�
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4,$DPS�'1$� %ORRG�0LQL� .LW� DFFRUGLQJ�
WR�WKH�PDQXIDFWXUHU¶V�SURWRFRO���
([RPH�VHTXHQFLQJ�
:KROH� H[RPH� VHTXHQFLQJ� �:(6�� ZDV�
SHUIRUPHG�RQ�WKH�JHQRPLF�'1$�H[WUDFWHG�
IURP� WKH�SDWLHQW¶V�ZKLWH�EORRG�FHOOV�XVLQJ�
+L6HT�����������6%6�.LW��
'DWD�DQDO\]HV�
7KH�UDZ�GDWD��FRQYHUWHG�E\�+L6HT�;��ZHUH�
OLQHG� XS� DJDLQVW� WKH� KXPDQ� UHIHUHQFH�
JHQRPH� �KJ���� E\� WKH� %XUURZV�:KHHOHU�
$OLJQHU� ����� 7KH� VLQJOH�QXFOHRWLGH�
SRO\PRUSKLVPV��613V��ZHUH�FDOOHG�E\�WKH�
*$7.� VRIWZDUH� �*HQRPH� $QDO\VLV�
7RRO.LW��� 9DULDQWV� ZHUH� DOVR� DQQRWDWHG�
XVLQJ� $1129$5������ $OO� YDULDQWV� ZHUH�
FODVVLILHG� LQWR� ILYH� FDWHJRULHV� LQFOXGLQJ�
SDWKRJHQLF�� OLNHO\� SDWKRJHQLF�� YDULDQWV� RI�
XQNQRZQ� FOLQLFDO� VLJQLILFDQFH� �986���
OLNHO\� EHQLJQ�� DQG� EHQLJQ� EDVHG� RQ� WKH�
VWDQGDUGV�IRU�WKH�LQWHUSUHWDWLRQ�RI�VHTXHQFH�
YDULDWLRQV� UHFRPPHQGHG� E\� $&0*�� 7KH�
FDQGLGDWH� JHQH� SKHQRW\SLF� IHDWXUHV� ZHUH�
FRPSDUHG� ZLWK� WKH� SDWLHQW¶V� SKHQRW\SH��
&RUH� SKHQRW\SHV� RI� WKH� PXWDWLRQV� ZHUH�
REWDLQHG� IURP� WKH� 20,0� GDWDEDVH� DQG�
XWLOL]HG�WR�DFTXLUH�D�JHQH�OLVW�RI�WKH�YLUWXDO�
SDQHO� E\� WKH� 20,0� GDWDEDVH� �20,0� ��
���������
6DQJHU�VHTXHQFLQJ�
7KLV�SDWKRJHQLF�YDULDQW�ZDV�FRQILUPHG�E\�
6DQJHU� VHTXHQFLQJ�� 7R� DPSOLI\� WKH�
IUDJPHQWV� FRQWDLQLQJ� WKH�PXWDWHG� VLWHV� RI�
WKH� JHQRPH�� 3&5� ZDV� FRQGXFWHG�� ,Q� VR�
GRLQJ�� WKH� UHVHDUFKHU� XWLOL]HG� WKH� 3&5�
0DVWHU� 0L[�%/8(� ���ௗ�/��� ��ௗQJ� RI�
'1$���ௗ�/�RI�IRUZDUG�SULPHU��)�&<%�5��
(���$*7*$$**&$7**$**&$��� �ௗ�/�
RI� UHYHUVH� SULPHU� �5� &<%�5�� (���
&7*&$$*&&&&7*$**$$��� ���ௗ�/� RI�
'062�� DQG� ��� �/� GHLRQL]HG� ZDWHU�� 7KH�
SULPHUV�ZHUH�GHVLJQHG�XVLQJ�2OLJR�3ULPHU�
'HVLJQHU���������7DEOH�,��3&5�SULPHUV�XVHG�
LQ� WKLV� VWXG\��� 7KH� '1$� ZDV� DPSOLILHG�
GHSOR\LQJ� WKH� IROORZLQJ� WKHUPRF\FOLQJ�
VWHSV����ௗ�&�IRU���ௗPLQ�����F\FOHV�RI���ௗ�&�
IRU���ௗVHF����ௗ�&�IRU���ௗVHF���ௗ�&�IRU��ௗVHF��
DQG���ௗ�&�IRU��ௗPLQ��

&DVH�GDWD�
7KH�SUREDQG�LV�D���\HDU�ROG�,UDQLDQ�IHPDOH�
ERUQ�WR�FRQVDQJXLQHRXV�SDUHQWV�ZLWK�5+0�
,,�� �)LJXUH� ��� 3HGLJUHH� RI� WKH� IDPLO\�
LOOXVWUDWLQJ� WKH� LQKHULWDQFH� RI� WKH�
SDWKRJHQLF� YDULDQW� LQ� WKLV� IDPLO\��� 7KH�
SDWLHQW� VXIIHULQJ� IURP� F\DQRVLV� DQG�
K\SR[LD�DW�ELUWK�ZDV��WKHUHIRUH��FRQVLGHUHG�
IRU� IXUWKHU� LQYHVWLJDWLRQ�� ,Q� DGGLWLRQ�� VKH�
VKRZHG�VLJQV�RI�5+0�,,�SDWLHQWV�LQFOXGLQJ�
GHYHORSPHQWDO� GHOD\�� VHYHUH� PHQWDO�
UHWDUGDWLRQ�� PLFURFHSKDO\�� JURZWK�
UHWDUGDWLRQ�� K\SHUWRQLD�� DQG� GLIILFXOW\� LQ�
VSHHFK��,Q�DGGLWLRQ��WKH�SDWLHQW�FRPSODLQHG�
DERXW�KHDGDFKHV�DQG�PLOG�IDWLJXH��6KH�DOVR�
VKRZHG�VLJQV�RI�GHYHORSPHQWDO�PLOHVWRQHV�
DQG� ODQJXDJH� GHYHORSPHQWDO� GHOD\�� KHU�
ILUVW� ZRUG� DSSHDUHG� ZKHQ� VKH� ZDV� IRXU�
\HDUV�ROG��$OVR��JURZWK�GHOD\�ZDV�QRWDEOH�
LQ� WKH� SDWLHQW�� � 6KH� QRZ� WDNHV� GDLO\�
DVFRUELF� DFLG� IRU� KHU� FRQGLWLRQ�ZKLFK� KDV�
DPHOLRUDWHG�KHU�F\DQRVLV�V\PSWRPV��
$� QRYHO� YDULDQW� �10B�����������
F����&!7�� S�5��;�� ZDV� GHWHFWHG� DV� WKH�
FDXVH� RI� WKH� VHYHUH� SKHQRW\SH� LQ� WKH�
VXEMHFW�� 7KLV� QRQVHQVH� PXWDWLRQ� FRQYHUWV�
DUJLQLQH� WR� VWRS� FRGRQ� DW� SRVLWLRQ� ��� RI�
SURWHLQ� DW� WKH� )$'�ELQGLQJ� GRPDLQ��
�)LJXUH� ��� 7KH� SRVLWLRQ� RI� SUREDQG�
PXWDWLRQ��� 7KLV� SUHPDWXUH� VWRS� FRGRQ�
UHVXOWV� LQ� D� WUXQFDWHG� SURWHLQ� WKDW� FDQ� EH�
GHJUDGHG� E\� WKH� 1RQVHQVH�0HGLDWHG�
'HFD\��10'��PHFKDQLVP��7KH�SUREDQG�LV�
KRPR]\JRXV�IRU�WKLV�PXWDWLRQ�ZKHUHDV�KHU�
SDUHQWV� DUH� XQDIIHFWHG� KHWHUR]\JRWHV� ZKR�
FDUU\� �10B����������� F����&!7��
SDWKRJHQLF� YDULDQW� RI� WKH� &<%�5�� JHQH��
�)LJXUH����(OHFWURSKHURJUDP�RI�WKH�IDPLO\��
7KH�EORRG�WHVW�GLVSOD\HG�0HW+E�VDWXUDWLRQ�
SHUFHQWDJH� LQFUHDVLQJ�XS� WR������1$'+�
&<%�5��HQ]\PH�DFWLYLW\�WHVW�SURYHG�WR�EH�
����� ,8�J� RI� +E�� �7DEOH� ,,�� %ORRG� WHVW�
UHVXOWV�LQ�WKLV�VWXG\���7KH�05,�RI�KHU�EUDLQ�
WDNHQ�DW����PRQWKV�UHYHDOHG�EUDLQ�DWURSK\�
DQG�FRUSXV�FDOXVRP�K\SRSODVWLFLW\���)LJXUH�
���7KH�EUDLQ�05,�RI�WKH�SUREDQG���
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)LJXUH����3HGLJUHH�RI�WKH�IDPLO\�LOOXVWUDWLQJ�WKH�LQKHULWDQFH�RI�WKH�SDWKRJHQLF�YDULDQW�LQ�WKH�IDPLO\��
3UREDQG�LV�9����

)LJXUH����&<%�5��SURWHLQ�VHTXHQFH������*UD\�KLJKOLJKWV�GHPRQVWUDWH�WKH�)$'�ELQGLQJ�GRPDLQ�����
�����DQG�WKH�DUURZ�VKRZV�WKH�SRVLWLRQ�RI�SUREDQG�PXWDWLRQ��S�5��;���
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)LJXUH����(OHFWURSKHURJUDP�RI�WKH�IDPLO\��$��HOHFWURSKHURJUDP�RI�WKH�SUREDQG��LQGLYLGXDO�9�����%��
HOHFWURSKHURJUDP�RI�WKH�LQGLYLGXDO�,9����&��HOHFWURSKHURJUDP�RI�WKH�LQGLYLGXDO�,9����

)LJXUH����7KH�EUDLQ�05,�RI�WKH�LQGLYLGXDO�9����ZLWKRXW�FRQWUDVW���%UDLQ�DWURSK\�LV�QRWDEOH��7KH�
FRUSXV�FDOXVRP�LV�K\SRSODVWLF��

7DEOH�,��3&5�SULPHUV�ZHUH�XVHG�LQ�WKLV�VWXG\�

*HQH� 3ULPHU� 6HTXHQFH���
��
�� 'LUHFWLRQ� 5HIHUH
QFH�

&<%�5�� )�&<%�5��(�� $*7*$$**&$7**$**&$� )RUZDUG� �����

5�&<%�5� (� &7*&$$*&&&&7*$**$$ 5HYHUVH
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Table II: Laboratory results of the participants 

.Hb; hemoglobin, HCT; Hematocrit, RBC; red blood cell, WBC; white blood cell, PLT; platelets, AR; Autosomal dominant. 

. 

Subject Age Gender Variation 
in 

CYB5R3  

Genotype Inheritanc
e 

Hb (g/dl) HCT (%) RBC 
(X 103) 

WBC 
(X 103) 

PLT 
(X 103) 

MetHb/H
b 

(%) 

NADH-
CYB5R3 
enzyme 
activity 

individual V-1 
 (proband) 

6 Years  female g.23435C>
T, 

c.181C>T, 
p.R61X, 

rs1210302
322 

Homozygo
us  

AR 12.8 42 6.3 5.8 410 24.97 13.8 

individual IV-1 33 Years male g.23435C>
T , 

c.181C>T, 
p.R61X, 

rs1210302
322 

Heterozyg
ous   

AR 13.3 40.1 5.15 8.6 270 5.6 21.6 

individual IV-2 28 Years female g.23435C>
T , 

c.181C>T, 
p.R61X, 

rs1210302
322 

Heterozyg
ous   

AR 11.2 34 4.4 6.4 340 4.1 20.6 
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'LVFXVVLRQ�
5HFHVVLYH� KHUHGLWDU\� PHWKHPRJORELQHPLD�
LV� D� UDUH� GLVRUGHU� FDXVHG� E\� &<%�5��
PXWDWLRQ�� $ERXW� ��� YDULDWLRQV�� UDQJLQJ�
IURP� EHQLJQ� WR� SDWKRJHQLF�� DOO� RYHU� WKLV�
JHQH� KDYH� EHHQ� UHSRUWHG�� QHDUO\� ��� RI�
ZKLFK� DUH� SDWKRJHQ� LQFOXGLQJ� GLIIHUHQW�
W\SHV� RI� PXWDWLRQV� VXFK� DV� PLVVHQVH��
QRQVHQVH�� IUDPHVKLIW�� LQIUDPH� ,QGHO�� DQG�
VSOLFH� VLWH�� ,PSRUWDQWO\�� PLVVHQVH�
PXWDWLRQV�DUH�WKH�PRVW�SUHYDOHQW�RQHV�������
6RPH� RI� WKHVH� PXWDWLRQV� OHDG� WR� D�
WUXQFDWHG� SURGXFW� RU� LQFRUUHFW� P51$�
VSOLFLQJ�� 5+0� ,,� LV� DVVRFLDWHG� ZLWK� D�
GHIHFW�LQ�HQ]\PDWLF�DFWLYLW\�UHVXOWLQJ�IURP�
WUXQFDWHG� PXWDWLRQV� ZKHUHDV� 5+0� ,�
PRVWO\� UHODWHV� WR� PLVVHQVH� PXWDWLRQV��
+RZHYHU�� QR� GHILQLWH�SDWWHUQ� LQ�NQRZQ� WR�
SUHGLFW�5+0�W\SH�EDVHG�RQ�PXWDWLRQ�W\SHV�
������ 0ROHFXODU� DQDO\VHV� KDYH� UHYHDOHG�
VRPH� RI� WKH� PXWDWLRQV� EHLQJ� FRPPRQ� LQ�
ERWK� W\SHV� RI� 5+0�� )RU� H[DPSOH�� WKH�
9���0� PXWDWLRQ� LQ� WKH� 1$'+�ELQGLQJ�
GRPDLQ� FDQ� JHQHUDWH� ERWK� W\SHV� RI� 5+0�
������$OVR��DQ�LQWHUPHGLDWH�SKHQRW\SH�ZLWK�
PLOGHU�QHXURORJLFDO�PDQLIHVWDWLRQV�UHIOHFWV�
WKH� FOLQLFDO� YDULDELOLW\� RI� WKLV� FRQGLWLRQ��
7KHVH� ILQGLQJV� VXJJHVW� WKDW� JHQHWLF��
PHWDEROLF�DQG��HYHQ�HQYLURQPHQWDO�IDFWRUV�
EHDU�WKH�SRWHQWLDO�WR�GHWHUPLQH�WKH�VHYHULW\�
RI� WKH� SKHQRW\SHV� RI� HDFK� W\SH� RI� 5+0�
��������� &\DQRVLV� LV� D� FRPPRQ� V\PSWRP�
LQ�ERWK�W\SHV�RI�5+0�WKDW�LV�PDQLIHVWHG�DW�
ELUWK�ZKLOH�QHXURORJLFDO�SKHQRW\SH�DSSHDUV�
DERXW� ILYH� PRQWKV� ODWHU�� &RQVHTXHQWO\��
LGHQWLI\LQJ� F\DQRVLV� V\PSWRPV� VXFK� DV�
EOXH� VNLQ� RU� EURZQ� EORRG� LV� WKH� RQO\�
DSSURDFK� IRU� LWV� HDUO\� GLDJQRVLV� �����
7KHUHIRUH�� WKH� H[DFW� LQFLGHQFH� RI�
FRQJHQLWDO� PHWKHPRJORELQHPLD�� EHLQJ�
UDUH��UHPDLQV�WR�EH�NQRZQ�������5+0�,,�LV�
HYHQ�UDUHU�WKDQ�WKH�RWKHU�W\SH��L�H���5+0�,��
DQG� OLIH� H[SHFWDQF\� WHQGV� WR� GHFUHDVH� LQ�
WKHVH� SDWLHQWV�� %UDLQ� GHYHORSPHQWDO�
GHILFLHQF\�� HQFHSKDORSDWK\�� DQG�
SURJUHVVLYH� PLFURFHSKDO\� DUH� REVHUYHG� LQ�
DOO� SDWLHQWV� ZLWK� 5+0� ,,�� 2WKHU�
QHXURORJLFDO� V\PSWRPV� VXFK� DV�
GHYHORSPHQWDO� GHOD\�� VHL]XUHV�� HSLOHSV\��
DOWHUDWLRQ� LQ�WKH�ZKLWH�PDWWHU�RI� WKH�EUDLQ��

DQG� G\VWRQLD� FDQ� EH� LGHQWLILHG� LQ� 5+0�
W\SH�,,��$SKDVLD��IDLOXUH�WR�WKULYH��VFROLRVLV��
DQG� VWUDELVPXV� DUH� DOVR�REVHUYHG� LQ� VRPH�
RI�WKH�SDWLHQWV����������'DLO\�FRQVXPSWLRQ�
RI� DVFRUELF� DFLG� RU� PHWK\OHQH� EOXH� FDQ�
KHOS�WUHDW�F\DQRVLV�V\PSWRPV�LQ�ERWK�W\SHV�
RI� 5+0� ��������� )XUWKHUPRUH�� DVFRUELF�
DFLG� WKHUDS\� FDQ� LPSURYH� PRWRU� VNLOOV�
IHDWXUHV� LQ� 5+0� ,,� SDWLHQWV� ������ 7KH�
FXUUHQW� FDVH� SUHVHQWHG� VHYHUH� QHXURORJLF�
SUREOHPV� VXFK� DV� VHYHUH� PHQWDO�
UHWDUGDWLRQ�� GHYHORSPHQWDO� GHOD\��
PLFURFHSKDO\�� DSKDVLD�� DQG� K\SHUWRQLD�� ,Q�
DGGLWLRQ�� JURZWK� UHWDUGDWLRQ��
GHYHORSPHQWDO� PLOHVWRQHV� GHOD\�� DQG�
ODQJXDJH� GHYHORSPHQWDO� GHOD\� ZHUH�
QRWDEOH�� )XUWKHUPRUH�� EUDLQ� DWURSK\� DQG�
FRUSXV� FDOXVRP� K\SRSODVWLFLW\� ZHUH�
REVHUYHG� IROORZLQJ� 05,�� 7KH� SDWLHQW�
PDQLIHVWHG� F\DQRVLV� DQG� K\SR[LD� DW� ELUWK�
EHLQJ�PDQDJHG�E\�DVFRUELF�DFLG� WUHDWPHQW�
IROORZLQJ� WKH� GLDJQRVLV� RI� 5+0� ,,��
KRZHYHU�� QRW� LPSURYLQJ� KHU� PRWRU� VNLOOV�
GHIHFWV�� 7KH� PHWKHPRJORELQ� OHYHO�
LQFUHDVHG�XS�WR������7KLV�FDVH�DSSHDUHG�WR�
KDYH� D� QRYHO� YDULDQW� �10B�����������
F����&!7��S�5��;��LQ�WKH�&<%�5��JHQH��
'XH� WR� WKH� VHYHULW\� RI� WKH� VXEMHFW¶V�
SKHQRW\SHV� DQG� WKH� QDWXUH� RI� PXWDWLRQ�
OHDGLQJ� WR� D� WUXQFDWHG� SURWHLQ� WKDW� LV�
SUREDEO\� GHJUDGHG� E\� WKH� 10'�
PHFKDQLVP�� WKLV� PXWDWLRQ� FDQ� GHYHORS� D�
VHYHUH� IRUP� RI� 5+0� ,,�� 7KH� HWLRORJ\� RI�
5+0� LV� XQFOHDU� DQG� SRRUO\� NQRZQ�� QR�
WUHDWPHQW� IRU� HQFHSKDORSDWK\� DVVRFLDWHG�
ZLWK� WKLV� FRQGLWLRQ� DQG� QHXURORJLFDO�
GHWHULRUDWLRQ� KDV� WR� GDWH� EHHQ� LGHQWLILHG��
)XUWKHU�VWXGLHV�DUH�WKXV�QHHGHG�WR�SURYLGH�
EHWWHU� LQIRUPDWLRQ� DERXW� WKH� HWLRORJ\��
GLDJQRVLV�� DQG� HIIHFWLYH� WUHDWPHQW� RI�
5+0��
&RQFOXVLRQ�
,Q� WKLV� FDVH� VWXG\�� DQ� ,UDQLDQ� SDWLHQW�ZLWK�
SKHQRW\SH� ZDV� GHVFULEHG� FRQQHFWHG� ZLWK�
5+0� ,,�� 7KLV� UHSRUW� LQWURGXFHG� D� QRYHO�
SDWKRJHQLF� YDULDWLRQ� �10B�����������
F����&!7�� S�5��;�� LQ� WKH�&<%�5�� JHQH�
WKDW� FDQ� WULJJHU� VHYHUH� V\PSWRPV� DV� ZDV�
REVHUYHG� LQ� WKLV� FDVH�� 7KLV� QHZ� PXWDWLRQ�
ZDV�FRQILUPHG�E\�6DQJHU�VHTXHQFLQJ��
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)XQGLQJ�
7KLV� VWXG\� ZDV� ILQDQFLDOO\� VXSSRUWHG� E\�
)DUV� 6FLHQFH� DQG� 5HVHDUFK� %UDQFK��
0DUYGDVKW�,VODPLF�$]DG�8QLYHUVLW\��*UDQW�
1R��,5�6806�0('�5(&������������

$FNQRZOHGJHPHQWV�
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�VWDII�RI�
WKH� &RPSUHKHQVLYH� 0HGLFDO� *HQHWLFV�
&HQWHU� �6KLUD]�� )DUV� SURYLQFH�� ,UDQ�� IRU�
WKHLU�NLQG�DVVLVWDQFH��
&RQIOLFWV�RI�,QWHUHVW
7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW��
5HIHUHQFHV�
��6LHQGRQHV� (�� 6DQWD&UX]�&DOYR� 6��
0DUWtQ�0RQWDOYR�$��&DVFDMR�0�9��$UL]D�-��
/ySH]�/OXFK� *�� HW� DO�� 0HPEUDQH�ERXQG�
&<%�5�� LV� D� FRPPRQ� HIIHFWRU� RI�
QXWULWLRQDO� DQG� R[LGDWLYH� VWUHVV� UHVSRQVH�
WKURXJK� )2;2�D� DQG� 1UI��� $QWLR[LGDQWV�
5HGR[�6LJQDO�����������������±�������
��3HUF\� 0-�� /DSSLQ� 75�� 5HFHVVLYH�
FRQJHQLWDO� PHWKDHPRJORELQDHPLD��
&\WRFKURPH�E�� UHGXFWDVH�GHILFLHQF\��%U�-�
+DHPDWRO����������������±������
��+XGVSHWK�03�� -RVHSK�6��+ROGHQ�.5��$�
QRYHO� PXWDWLRQ� LQ� W\SH� ,,�
PHWKHPRJORELQHPLD�� -� &KLOG� 1HXURO�
�������������±�����
��:DUG� -��0RWZDQL� -�� %DNHU� 1�� 1DVK�0��
(ZHU� $.�� 7ROGL� *�� &RQJHQLWDO�
PHWKHPRJORELQHPLD� LGHQWLILHG� E\� SXOVH�
R[LPHWU\� VFUHHQLQJ�� 3HGLDWULFV�
������������������
��*DJQLHU� --�� .LHQOH� *�� $OWPDQ� '*��
0RKHU� '�� 6R[� +�� 5LOH\� '�� HW� DO�� 7KH�
&$5(� *XLGHOLQHV�� &RQVHQVXV�EDVHG�
&OLQLFDO� &DVH� 5HSRUWLQJ� *XLGHOLQH�
'HYHORSPHQW�� *ORE� $GY� +HDO� 0HG�
������������±�����
��/L�+��'XUELQ�5��)DVW�DQG�DFFXUDWH� ORQJ�
UHDG� DOLJQPHQW� ZLWK� %XUURZV�:KHHOHU�
WUDQVIRUP�� %LRLQIRUPDWLFV�
��������������±�����
��:DQJ� .�� /L� 0�� +DNRQDUVRQ� +��
$1129$5�� IXQFWLRQDO� DQQRWDWLRQ� RI�
JHQHWLF� YDULDQWV� IURP� KLJK�WKURXJKSXW�
VHTXHQFLQJ� � GDWD�� 1XFOHLF� $FLGV� 5HV�
������������H������

��5\FKOLN� :�� 2/,*2� �� SULPHU� DQDO\VLV�
VRIWZDUH��0HWKRGV�0RO�%LRO������������±
�����
��&RQVRUWLXP� 78�� 7KH� 8QLYHUVDO� 3URWHLQ�
5HVRXUFH� �8QL3URW��� 1XFOHLF� $FLGV� 5HV�
�����������'���±������
���.RSDQRV� &�� 7VLRONDV� 9�� .RXULV� $��
&KDSSOH� &(��$OEDUFD� $JXLOHUD�0��0H\HU�
5�� HW� DO�� 9DU6RPH�� WKH� KXPDQ� JHQRPLF�
YDULDQW� VHDUFK� HQJLQH�� %LRLQIRUPDWLFV��
����������������±�������
����6LHQGRQHV�(��%DOOHVWHURV�0��1DYDV�3��
&HOOXODU� DQG� 0ROHFXODU� 0HFKDQLVPV� RI�
5HFHVVLYH� +HUHGLWDU\�
0HWKDHPRJORELQDHPLD� 7\SH� ,,�� -� &OLQ�
0HG����������������������
���3HUF\� 0-�� &URZOH\� /-�� 5RSHU� '��
9XOOLDP\� 7-�� /D\WRQ� '0�� %DUEHU� 0-��
,GHQWLILFDWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI� WKH�
QRYHO�)$'�ELQGLQJ�OREH�*��6�PXWDWLRQ�LQ�
F\WRFKURPH� E� �� UHGXFWDVHௗ�� $Q� DLG� WR�
GHWHUPLQH� UHFHVVLYH� FRQJHQLWDO�
PHWKHPRJORELQHPLD� VWDWXV� LQ� DQ� LQIDQW��
%ORRG�&HOOV�0RO�'LV�����������±�����
���3HUF\� 0-�� %DUQHV� &�� &ULJKWRQ� *��
/HYHQWHU� 5-�� :\QQ� 5�� /DSSLQ� 75��
0HWKHPRJORELQ� 5HGXFWDVH� 'HILFLHQF\ௗ��
1RYHO� 0XWDWLRQ� ,V� $VVRFLDWHG� :LWK� D�
'LVHDVH� 3KHQRW\SH� RI� ,QWHUPHGLDWH�
6HYHULW\�� -� 3HGLDWU� +HPDWRO� 2QFRO�
��������������±�����
����(ZHQF]\N�&��/HURX[�$��5RXEHUJXH�$��
/DXJHO�9��$IHQMDU�$��6DXGXEUD\�-0��HW�DO��
5HFHVVLYH� KHUHGLWDU\�
PHWKDHPRJORELQDHPLD�� W\SH� ,,��
'HOLQHDWLRQ�RI�WKH�FOLQLFDO�VSHFWUXP��%UDLQ�
���������������±������
����0DQQLQR�($��3OXLP�7��:HVVOHU�-��&KR�
07�� -XXVROD� -�� 6FKULHU� 9HUJDQR� 6$��
&RQJHQLWDO�PHWKHPRJORELQHPLD� W\SH� ,,� LQ�
D� ��\HDU�ROG� ER\�� &OLQ� &DVH� 5HSRUWV�
�������������±������
���� 6WHYHQV�0�� )URELVKHU� &��+DZNLQV�0��
-HQQH\�0�� /DQFDVKLUH�(��5HXOHQ�5�� HW� DO��
7KH� %ULWLVK� &KLOGKRRG� &DQFHU� 6XUYLYRU�
6WXG\�� 2EMHFWLYHV�� PHWKRGV�� SRSXODWLRQ�
VWUXFWXUH�� UHVSRQVH� UDWHV� DQG� LQLWLDO�
GHVFULSWLYH� LQIRUPDWLRQ�� 3HGLDWU� %ORRG�
&DQFHU����������������±�������


