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'5� 2<$0$¶6�5(3257 �������
7KH�VWXG\¶V�SULPDU\�REMHFWLYH�ZDV�WR�LGHQWLI\�D�SXWDWLYH�DXWRVRPDO�GRPLQDQW�JHQH�ZLWK�D�
KLJK� OLNHOLKRRG� WR� EH� DVVRFLDWHG� ZLWK� P\[RPDWRXV� PLWUDO� YDOYH� GLVHDVH� �009'�� LQ�
1RUIRON�WHUULHUV��7KH�1RUIRON�7HUULHU�&OXE�RI�1RUWKHUQ�&DOLIRUQLD�LQLWLDWHG�WKLV�SURMHFW�LQ�
SDUWQHUVKLS�ZLWK� WKH�$.&�&+)� $V� VXFK�� WKH� FXUUHQW� SURMHFW�ZDV� FDUULHG� RXW� XQGHU� D�
0HPRUDQGXP�RI�8QGHUVWDQGLQJ�EHWZHHQ�WKH�$.&�&+)�DQG�WKH�LQYHVWLJDWRUV�

7KH�PRGH�RI�LQKHULWDQFH�RI�009'�LV�XQNQRZQ� *LYHQ�WKH�KLJK�SUHYDOHQFH�RI�009'�LQ�
VPDOO�EUHHG�GRJV��LQFOXGLQJ�WKH�1RUIRON�WHUULHU��DQ�DXWRVRPDO�GRPLQDQW�WUDLW�LV�SRVVLEOH��
KRZHYHU�� RWKHU� PRGHV� VXFK� DV� DXWRVRPDO� UHFHVVLYH� RU� SRO\JHQLF� FDQQRW� EH� UXOHG�
RXW� %DVHG� RQ� SUHYLRXV� UHFRPPHQGDWLRQV� �.DUOVVRQ� (�� /LQGEODG�7RK�� 1DW� 5HY� *HQ�
�����������������DSSUR[LPDWHO\����FDVH�DQG����FRQWURO�VKRXOG�EH�XVHG�LQ�FDQLQH�*:$6�
VWXGLHV�LQYROYLQJ�VXVSHFWHG�DXWRVRPDO�GRPLQDQW�WUDLWV�

0HWKRGV� VSHFLILF� WR� WKLV� SURMHFW� LQFOXGHG� UHFUXLWLQJ� 1RUIRON� WHUULHUV� !�� \UV� RI� DJH� DW�
YDULRXV� GRJ� VKRZV� DQG� FOLQLFV� 3UHVHQFH� RU� DEVHQFH� RI� 009'� ZDV� GHWHUPLQHG� E\�
FDUGLDF� DXVFXOWDWLRQ� DQG� SHUIRUPDQFH� RI� D� FRORU� IORZ� 'RSSOHU� HFKRFDUGLRJUDP� E\� D�
ERDUG�FHUWLILHG�FDUGLRORJLVW� :KROH�EORRG�VDPSOHV�ZHUH�GUDZQ�DQG�'1$�VDPSOHV�ZHUH�
H[WUDFWHG� IRU�JHQRPH�ZLGH�DVVRFLDWLRQ�VWXG\��*:$6�� *:$6�VHHNV� WR� LGHQWLI\�DUHDV�RI�
'1$�WKDW�DUH�GLIIHUHQW�EHWZHHQ�KHDOWK\�DQG�DIIHFWHG�GRJV� ,I�'1$�LQ�WKHVH�UHJLRQV�DUH�
GLIIHUHQW�HQRXJK��WKH\�PLJKW�VLJQDO�WKDW�QHDUE\�JHQHV�DUH�LQYROYHG�LQ�WKH�GHYHORSPHQW�RI�
009'� 'XH� WR� WKH� IDFW� WKDW� OLWHUDOO\� WKRXVDQGV� RI� JHQH� UHJLRQV� DUH� HYDOXDWHG� E\� WKH�
*:$6� WHVW�� WKH� FULWHULD� XVHG� WR� GHWHUPLQH� LI� '1$� DUHDV� DUH� GLIIHUHQW� DUH� YHU\�
VWULQJHQW� ,Q�RXU�FDVH� WKH�SUH�VSHFLILHG�GHILQLWLRQ�RI�D�FKURPRVRPDO�UHJLRQ�RI�VWDWLVWLFDO�
VLJQLILFDQFH�ZDV�S�����[�������RU�3��������� 7KLV�GLIIHUV�IURP�WKH�QRUPDOO\�XVHG�3�YDOXH�
RI�3������

$�ILUVW�EDWFK�RI����VDPSOHV��LQFOXGLQJ����KHDOWK\�GRJV�DQG����DIIHFWHG�GRJV�ZDV�VHQW�IRU�
*:$6�LQ�WKH�PLGGOH�RI�ODVW�\HDU��DQG�UHVXOWV�EHFDPH�DYDLODEOH�ODWH�LQ�������7KH�UHVXOWV�
RI�WKH�*:$6�VWXG\�GLG�QRW�ILQG�DQ\�DUHDV�RI�'1$�WKDW�ZHUH�GLIIHUHQW�HQRXJK�WR�VLJQDO�WKH�



ORFDWLRQ�RI�D�FDQGLGDWH�JHQH� 7KHVH�UHVXOWV�VXJJHVW� WKDW� WKH�JHQHWLF�FDXVH�RI�009'�LQ�
1RUIRON�WHUULHUV�PLJKW�EH�PRUH�FRPSOH[�WKDQ�D�VLQJOH�GRPLQDQW�JHQH�

%DVHG�RQ�WKH�ILQGLQJV�IURP�WKH�*:$6�VWXG\�LQ WKH�ILUVW����GRJV��LW�LV�KLJKO\�XQOLNHO\�WKDW�
SHUIRUPLQJ�*:$6�RQ�DGGLWLRQDO�VDPSOHV�ZRXOG�\LHOG�DQ�DUHD�RI�LQWHUHVW� %DVHG�RQ�RXU�
UHVXOWV�� LW� LV OHVV� OLNHO\� WKDW� 009'� LQ� WKH� 1RUIRON� EUHHG� LV� DVVRFLDWHG� ZLWK� D� VLPSOH�
DXWRVRPDO�GRPLQDQW� WUDLW��DQG�RWKHU�PRGHV�RI� LQKHULWDQFH��VXFK�DV�SRO\JHQLF�VKRXOG�EH�
FRQVLGHUHG� 7KH� UHVXOWV� RI� RXU� VWXG\� LQGLFDWH� WKDW LGHQWLILFDWLRQ� RI� D� VLQJOH� FDXVDWLYH�
JHQH� DQG� UHGXFWLRQ� LQ� WKH� LQFLGHQFH� RI�009'� LQ� WKH�1RUIRON� EUHHG� WKURXJK� D� VLPSOH�
JHQHWLF�VFUHHQLQJ�WRRO�DQG�EUHHGLQJ�SURJUDP�LV�XQOLNHO\� 1H[W�VWHSV�LQ�LGHQWLI\LQJ�JHQHWLF�
FDXVHV�RI�009'�LQ�WKH�EUHHG�PLJKW�EH�WR�FRQWLQXH�WR�FROOHFW�'1$�VDPSOHV�IURP�DIIHFWHG�
GRJV�WKDW�FRXOG�EH�XVHG�IRU�WHFKQLTXHV�LQFOXGLQJ�ZKROH�JHQRPH�DQDO\VLV�WKDW�PLJKW�DVVLVW�
ZLWK�XQGHUVWDQGLQJ�D�SRO\JHQLF�WUDLW�

dŚĞ�ŵĞƐƐĂŐĞ�ƚŽ�ƵƐ�ĂƐ�ŽǁŶĞƌƐ͕�ďƌĞĞĚĞƌƐ�ĂŶĚ�ůŽǀĞƌƐ�ŽĨ�ƚŚĞ�ďƌĞĞĚ�ŝƐ�Ɛƚŝůů�ƚŚĂƚ�ƚŚŝƐ�ĚŝƐĞĂƐĞ�
ǁŚŝůĞ� ŝŵƉŽƌƚĂŶƚ� ƚŽ� ƐĞůĞĐƚ� ĂŐĂŝŶƐƚ�ǁŝůů� ŶŽƚ� ďĞ� ƐŝŵƉůĞ� ƚŽ� ĞƌĂĚŝĐĂƚĞ͘�tĞ� Ɛƚŝůů� ŶĞĞĚ� ƚŽ� ďĞ�
ǀŝŐŝůĂŶƚ�ĂďŽƵƚ�ƚĞƐƚŝŶŐ�ŽƵƌ�ĚŽŐƐ�ƚŽ�ŝĚĞŶƚŝĨǇ�ĂĨĨĞĐƚĞĚ�ŝŶĚŝǀŝĚƵĂůƐ͘ dŚĞ�ŽďǀŝŽƵƐ�ĂŶƐǁĞƌƐ�ĂƌĞ�
ŶŽƚ�ƚŽ�ďƌĞĞĚ�ĐůŽƐĞ�ƌĞůĂƚŝŽŶƐ�ŽĨ�ĚŽŐƐ�ƚŚĂƚ�ĂƌĞ�ƐĞǀĞƌĞůǇ�ĂĨĨĞĐƚĞĚ͘�

�Ɛ�ŽǁŶĞƌƐ�ƚŚĞƌĞ�ĂƌĞ�ƐŽŵĞ�ƐƚĞƉƐ�ǁĞ�ĐĂŶ�ƚĂŬĞ�ƚŽ�ĂǀŽŝĚ�ĐĂƌĚŝĂĐ�ĚŝƐĞĂƐĞ�ĨƌŽŵ�ĚĞǀĞůŽƉŝŶŐ͘��
�ĞŶƚĂů�ĐĂƌĞ�ĂƐ�Ă�ůŝĨĞůŽŶŐ�ĐŽŵŵŝƚŵĞŶƚ�ƐƚĂƌƚŝŶŐ�ǁŝƚŚ�ŽƵƌ�ƉƵƉƉŝĞƐ�ŝƐ�ŽŶĞ�ŽĨ�ƚŚĞ�ƐŝŶŐůĞ�ŵŽƐƚ�
ŝŵƉŽƌƚĂŶƚ�ƚŚŝŶŐƐ�ǁĞ�ĐĂŶ�ĚŽ�ƚŽ�ŚĞůƉ�ƉƌĞǀĞŶƚ�ŚĞĂƌƚ�ĚŝƐĞĂƐĞ͘���ĂĐƚĞƌŝĂ�ĨƌŽŵ�ŝŶĨĞĐƚĞĚ�ŐƵŵƐ�
ĂŶĚ� ƚĞĞƚŚ�ĂƌĞ�Ă� ĐŽŶƐƚĂŶƚ� ƐŽƵƌĐĞ�ŽĨ� ŝŶĨĞĐƚŝŽŶ� ƚŽ� ƚŚĞ�ďŽĚǇ�ǁŚŝĐŚ�ĐĂŶ� ŝŶ� ƚƵƌŶ�ĂĨĨĞĐƚ� ƚŚĞ�
ǀĂůǀĞƐ�ŽĨ� ƚŚĞ�ŚĞĂƌƚ͘� �tĞ�ƐŚŽƵůĚ�Ăůů�ďĞŐŝŶ� ƚŽŽƚŚ�ďƌƵƐŚŝŶŐ�ĞĂƌůǇ�ĂŶĚ�ŵĂŬĞ ŝƚ�ƉĂƌƚ�ŽĨ�ŽƵƌ�
ĚĂŝůǇ�ƌŽƵƚŝŶĞ͘��^ĞĐŽŶĚůǇ͕�ǁĞ�Ăůů�ŬŶŽǁ�ŚŽǁ�ŵƵĐŚ�ŽƵƌ�ĚŽŐƐ�ĞŶũŽǇ�ĞĂƚŝŶŐ͘��DĂŬĞ�ƐƵƌĞ�ǇŽƵ�
ĚŝƐĐƵƐƐ�ƉƌŽƉĞƌ�ǁĞŝŐŚƚ�ŵĂŶĂŐĞŵĞŶƚ�ǁŝƚŚ�ǇŽƵƌ�ǀĞƚĞƌŝŶĂƌŝĂŶ�ĂŶĚ�ŬĞĞƉ�ǇŽƵƌ�ĚŽŐ�ƚƌŝŵ�ĂŶĚ�
Ĩŝƚ͊��
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DĂƌŝĂŶ�^ŚĂǁ��͘s͘D͘


