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3UHOLPLQDU\�6WXGLHV�RQ�&U\RSUHVHUYDWLRQ�RI�(PEU\RQLF�&DWWOH�)LEUREODVWV

35(/,0,1$5<�678',(6�21�
&5<235(6(59$7,21�2)�(0%5<21,&�
&$77/(�),%52%/$676

5HFHLYHG�����������
$FFHSWHG�����������

7KH�PDMRU� REVWDFOH� LQ� XVLQJ� SULPDU\�
FHOOV� DV� H[SHULPHQWDO�PDWHULDO� LQ� ORQJ� WHUP�
VWXGLHV�LV�WKDW��XQOLNH�FHOO�OLQHV��WKH\�KDYH�¿QLWH�
OLIHVSDQ�DQG�ORVH�WKHLU�YLDELOLW\�DIWHU�D�IHZ�VXE�
FXOWLYDWLRQV��6XUYLYDO�RI�FHOOV�DW�ORZ�WHPSHUDWXUHV�
ZLWK�DOO�WKHLU�RULJLQDO�FKDUDFWHULVWLFV��LI�DFKLHYHG��
ZLOO�HQVXUH�DOPRVW�XQOLPLWHG�VXSSO\�RI�WKH�FHOO�
VWUDLQ� RSHQLQJ�QHZ�YLVWDV� LQ� FHOOXODU� VWXGLHV��
+D\ÀLFN�DQG�0RRUKHDG��������UHYLYHG�KXPDQ�
GLSORLG�FHOOV� WR� IRUP�KHDOWK\�FRQÀXHQW�FXOWXUH�
DIWHU�SUHVHUYDWLRQ�LQ�JURZWK�PHGLXP�ZLWK����SHU�
FHQW�VWHULOH�JO\FHURO�DW������&��/DWHU�LQYHVWLJDWRUV�
SUHIHUUHG�VWRUDJH�LQ�OLTXLG�1LWURJHQ��/1����6LODQL�HW�� DO�� ������� DWWHPSWHG� FU\RSUHVHUYDWLRQ� RI�
KXPDQ�QHXURQDO�FHOO�ZLWK����SHU�FHQW�'062�
DW�������&�DQG�REWDLQHG�DQ�DYHUDJH�UHFRYHU\�
UDWH����SHU�FHQW�LQ�FXOWXUH����'RQJ�HW��DO���������
UHSRUWHG�SULPDU\�KXPDQ�IRHWDO�EUDLQ�FHOOV�ZHUH�
EHWWHU�VWRUHG�DW�������&��,Q�WKLV�VWXG\��WKH�FHOO�
UHYLYDO�UDWHV�RI�SULPDU\�IRHWDO�¿EUREODVWV�LVRODWHG�
IURP�FDWWOH�NLGQH\�FU\RSUHVHUYHG�DW������&�DQG�
������&�ZHUH�FRPSDUHG�

3ULPDU\� I LEUREODVW� FXOWXUHV� ZHUH�
HVWDEOLVKHG�IURP�HPEU\RQLF�NLGQH\V�FROOHFWHG�
IURP�VL[�FDWWOH�IRHWXVHV�LQ�'XOEHFFR¶V�PRGL¿HG�
(DJOHV¶� 0HGLXP� �'0(0�� IROORZLQJ� WKH�
SURFHGXUH� SURSRVHG� E\�(SKUXVVL� DQG�:HLVV�
������� ZLWK� PRGLILFDWLRQV�� 6XE� FRQIOXHQW�
PRQROD\HU�¿EUREODVW�FXOWXUHV�LQ�PLG�RU�ODWH�ORJ�
SKDVH�ZHUH� VXSSOHPHQWHG�ZLWK� IUHVK� JURZWK�
PHGLXP� �'0(0��� ����)&6�� ���� ��� KRXUV�
EHIRUH� IUHH]LQJ� DWWHPSWV�� +HDOWK\� FRQÀXHQW�
FXOWXUHV�WKXV�REWDLQHG�ZHUH�WKHQ�WUHDWHG�IRU����
VHF�ZLWK� MXVW�HQRXJK�WU\SVLQ�YHUVHQH�JOXFRVH�
�79*��PHGLXP�FRQWDLQLQJ�����SHU�FHQW�WU\SVLQ�WR�
FRYHU�WKH�PRQROD\HU��7KH�H[FHVV�79*�PHGLXP�
ZDV�UHPRYHG�DQG�WKH�FXOWXUHV�ZHUH�LQFXEDWHG�
IRU����PLQ��)UHH�FHOOV�ZHUH�VXVSHQGHG�LQ���PO�
RI�IUHVK�JURZWK�PHGLXP�FRQWDLQLQJ����SHU�FHQW�
)&6� WR� QHXWUDOLVH� WKH� DFWLRQ� RI� WU\SVLQ��7KH�

FRQFHQWUDWLRQ� RI� YLDEOH� FHOOV� LQ� HDFK� VDPSOH�
FXOWXUH�ZDV� GHWHUPLQHG� E\�7U\SDQ� EOXH� G\H�
H[FOXVLRQ� FRXQW��2QO\� KHDOWK\� FXOWXUHV�ZLWK�
��� SHU� FHQW� YLDEOH� FHOO� FRXQW�ZHUH� VHOHFWHG�
IRU� IUHH]LQJ�� )UHH]LQJ�PHGLXP�ZDV�SUHSDUHG�
E\�LQFRUSRUDWLQJ�'062�DW����SHU�FHQW�OHYHO�LQ�
JURZWK�PHGLXP�FRQWDLQLQJ����SHU�FHQW�)&6��7KH�
FHOOV�ZHUH�FROOHFWHG�E\�FHQWULIXJDWLRQ�DW������
USP�IRU����PLQ�DQG�UHVXVSHQGHG�DW�D�VHHGLQJ�
FRQFHQWUDWLRQ� RI� �� [� ���� FHOOV��PO� LQ� FKLOOHG�
IUHH]LQJ�PHGLXP��$� YROXPH� RI� ����PO� RI� WKH�
SUHSDUHG�¿EUREODVW�VXVSHQVLRQ�ZDV�WUDQVIHUUHG�
LQWR�ODEHOOHG�DQG�SDLUHG���PO�FU\RWXEHV��1XQF���
6ORZ�IUHH]LQJ�SURFHGXUH�ZDV�IROORZHG�IURP���WR�
�R�&��$OO�FU\RWXEHV�ZHUH�KHOG�DW���R�&�IRU���K�DQG�
��R�&�IRU�DQ�KRXU��/DWHU�WKH�WXEHV�ZHUH�UDSLGO\�
IUR]HQ�WR�����R�&�LQ�D�IUHH]HU�IRU�DQ�KRXU��2QH�
VHW�RI�WKH�SDLUHG�VDPSOHV��VL[�QXPEHUV��ZHUH�
WUDQVIHUUHG�WR�����R�&�IUHH]HU��7KH�RWKHU�VHW�RI�
WXEHV�ZHUH�NHSW�LQ�/1��DW������R�&��7KH�VXUYLYDO�
UDWH�RI�FU\RSUHVHUYHG�¿EUREODVW�DIWHU�VHYHQ�GD\V�
RI� VWRUDJH�ZDV�DVVHVVHG�E\� GHWHUPLQLQJ� WKH�
SRVW�WKDZ�YLDELOLW\��7KH�SRVW�WKDZ�FHOO�YLDELOLW\�
ZDV�GHWHUPLQHG�XVLQJ�WU\SDQ�EOXH�G\H�H[FOXVLRQ�
VWDLQLQJ��7KH� IUR]HQ� FU\RWXEHV�ZHUH� UDSLGO\�
WKDZHG�E\�SODFLQJ� LQ� D�ZDWHU� EDWK� RI� ��� R�&��
7KH�FHOOV�ZHUH�UHWULHYHG�IURP�WKH�VXVSHQVLRQ�
E\� FHQWULIXJDWLRQ� DW� ����� USP� IRU� ���PLQ� LQ�
FRPSOHWH�JURZWK�PHGLXP��7KH�FHOOV�IURP�HDFK�
FU\RWXEH�ZHUH�UHVXVSHQGHG� LQ���PO�FRPSOHWH�
JURZWK�PHGLXP�WR�UHPRYH�WKH�FU\RSURWHFWDQW��
7KH�PHDQ�YLDELOLW\�RI�¿EUREODVW�FU\RSUHVHUYHG�
DW����R&�DQG�����R&�ZHUH�VWDWLVWLFDOO\�FRPSDUHG�
XVLQJ� RQH� ZD\� DQDO\VLV� RI� YDULDQFH�� 7KH�
UHYLYDO�UDWH�ZDV�DOVR�DVVHVVHG�E\�DELOLW\�RI�WKH�
F\URSUHVHUYHG�FHOOV�WR�HVWDEOLVK�DQG�SUROLIHUDWH�
WR�IRUP�FRQÀXHQW�PRQROD\HUV�ZKHQ�VHHGHG�LQWR�
VWHULOH����FP���FXOWXUH�ÀDVNV�FRQWDLQLQJ�JURZWK�
PHGLXP�

7KH�UHVXOWV�RI�WKH�VWXG\�DUH�VXPPDULVHG�



-��9
HW��

$Q
LP�

6F
L���

���
����

����
���

�

��

6+257�&20081,&$7,21

(OL]DEHWK�.XULDQ�HW�DO�

�

LQ�WDEOHV��DQG����7KH�REVHUYDWLRQV�LQGLFDWH�WKDW�
IUHH]LQJ� VLJQL¿FDQWO\� GHFUHDVH� FHOO� YLDELOLW\��
%XW� WKH� YLDELOLW\� RI� ILEUREODVWV� ZDV� EHWWHU�
SUHVHUYHG�DW�����ż&���������������WKDQ�DW����ż&�
�������� �������:KHQ� WKH� ¿EUREODVW� VDPSOHV�
FU\RSUHVHUYHG�DW������ż&�ZHUH�LQRFXODWHG�LQWR�
FXOWXUH� ÀDVNV� FRQWDLQLQJ� JURZWK�PHGLXP�¿YH�
RXW� RI� VL[� VDPSOHV�JUHZ� WR� FRQÀXHQFH�ZLWKLQ�
¿YH�GD\V��%XW�QRQH�RI�WKH�VL[�VDPSOHV�VWRUHG�DW
���ż&�FRXOG�HVWDEOLVK�DV�PRQROD\HUV���

7KH�FU\RSUHVHUYDWLRQ�DW�����ż&�LQYROYHG�
VXGGHQ�GHHS�IUHH]LQJ�DQG�KROGLQJ�DW�FRQVWDQW�
WHPSHUDWXUH��7KLV�PLJKW�KDYH�OHG�WR�WKH�IRUPDWLRQ�
RI�VPDOOHU�DQG�UHJXODU�LQWUDFHOOXODU�LFH�FU\VWDOV��
FDXVLQJ� YHU\� OLWWOH� GDPDJH� WR� FHOO�PHPEUDQH�
DQG� UHVXOWLQJ� LQ� KLJKHU� SHUFHQWDJH� RI� YLDEOH�
FHOOV��$�PLQLPXP�VHHGLQJ�FRQFHQWUDWLRQ�RI�FHOOV�
LV�UHTXLUHG�IRU�FHOO�DGKHVLRQ�SULRU�WR�IRUPDWLRQ�
RI�PRQROD\HUV�� ,W�ZDV�REVHUYHG� LQ� WKLV� VWXG\�
WKDW�SULPDU\�¿EUREODVWV�DW�D�PLQLPXP�VHHGLQJ�
FRQFHQWUDWLRQ�RI�����FHOOV���FP��ZHUH�RSWLPXP�
WR�HVWDEOLVK�LQWR�PRQROD\HU��6LJQL¿FDQWO\�KLJKHU�
SHUFHQWDJH�RI�YLDEOH�¿EUREODVWV�LQ�WKH�VDPSOHV�
VWRUHG� DW� ����ż&�PXVW� KDYH� HQVXUHG� WKLV�
PLQLPXP� VHHGLQJ� FRQFHQWUDWLRQ�� ,QVXI¿FLHQW�
YLDEOH�FHOO�QXPEHUV�PLJKW�KDYH�SUHYHQWHG�WKH�
DGKHVLRQ� DQG� HVWDEOLVKPHQW� RI� ¿EUREODVWV� LQ�
FXOWXUHV�LQ�FDVH�RI�VDPSOHV�VWRUHG�DW����ż&�

6XPPDU\
3UHOLPLQDU\� VWXGLHV� ZHUH� FRQGXFWHG�

WR� VWXG\� WKH� IHDVLELOLW\� RI� SURORQJHG� VWRUDJH�
RI� FDWWOH� SULPDU\� ¿EUREODVW� FXOWXUHV� WKURXJK�
FU\RSUHVHUYDWLRQ� DW� �����&�DQG� ������&��7KH�
FHOOV�ZHUH�VXVSHQGHG�LQ�WKH�IUHH]LQJ�PHGLXP�
FRQWDLQLQJ���SHU�FHQW�IRHWDO�FDOI�VHUXP��)&6��
DQG����SHU�FHQW�'L�PHWK\O�VXOIR[LGH��'062���
7KH�UHGXFWLRQ�LQ�YLDELOLW\�RI�FHOOV�DIWHU�IUHH]LQJ�
ZDV�KLJKO\�VLJQL¿FDQW��2Q� WKH�EDVLV�RI� WU\SDQ�
EOXH�VWDLQLQJ��LW�ZDV�VKRZQ�WKDW�EHWWHU�SRVW�WKDZ�
YLDELOLW\�ZDV�REWDLQHG�DW�������&�������������
WKDQ�DW������&���������������
5HIHUHQFHV
'RQJ��-��)���'HWWD��$���DQG�+LWFKFRFN��(��5�������

6XVFHSWLELOLW\� RI� KXPDQ� IRHWDO� EUDLQ�
WLVVXH� WR� FRRO�� DQG� IUHH]H�VWRUDJH��
%UDLQ�5HV�����������±����

(SKUXVVL�� %�� DQG�:HLVV��0��&�� ������+\EULG�
VRPDWLF� FHOOV�� 6FL� $P�� ����� ���
��+D\ÀLFN�DQG�0RRUKHDG��������7KH�
VHULDO�FXOWLYDWLRQ�RI�KXPDQ�GLSORLG�FHOO�
VWUDLQV��([S�&HOO�5HV�������������

6LODQL�� 9��� 3L]]XWL��$��� 6WUDGD��2��� )DOLQL��$���
%XVFDJOLD�� 0�� DQG� 6FDUODWR�� *��
������+XPDQ� QHXURQDO� FHOO� YLDELOLW\�
GHPRQVW UD WHG� LQ � FX O WX UH � D I WH U�
FU\RSUHVHUYDWLRQ�� � %UDLQ� 5HV�� �����
��������

(OL]DEHWK�.XULDQ��DQG�3��.DQDNDUDM�
'HSDUWPHQW� RI�$QLPDO� *HQHWLFV� DQG� %UHHGLQJ��
0DGUDV�9HWHULQDU\�&ROOHJH��&KHQQDL�


3DUW�RI�WKH�0�9�6F�WKHVLV�VXEPLWWHG�E\�WKH�¿UVW�DXWKRU�WR�7DPLO�1DGX�9HWHULQDU\�	�$QLPDO�6FLHQFHV�8QLYHUVLW\��&KHQQDL����
���$VVLVWDQW�3URIHVVRU�DQG�FRUUHVSRQGLQJ�DXWKRU��'HSW�RI�$QLPDO�%UHHGLQJ��*HQHWLFV	�%LRVWDWLVWLFV��&9$6��0DQQXWK\�
��3URIHVVRU��5HWG����'HSW�RI�$QLPDO�%UHHGLQJ	�*HQHWLFV��0DGUDV�9HWHULQDU\�&ROOHJH��&KHQQDL


