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��� 6XPPDU\�RI�WKH�:RUN

�� $OO WKH� FRPSRVLWLRQV� RI�%)�[37� ������[������� VROLG� VROXWLRQ�ZHUH� VXFFHVVIXOO\�

V\QWKHVL]HG� E\� VRO�JHO� PHWKRG�� 7KH� DYHUDJH� SDUWLFOH VL]HV� RI� WKH� SRZGHUV�

V\QWKHVL]HG� E\� WKLV� PHWKRG� DUH� LQ� WKH� UDQJH� RI� ��QP� WR� ���ȝP� IRU� DOO�

FRPSRVLWLRQV�� 7KH� DYHUDJH� JUDLQ VL]H� ZDV� IRXQG� WR� HIIHFWLYHO\� JURZLQJ� ZLWK

LQFUHDVLQJ�%L)H2� FRQWHQW�

�� 7KH FRQWURYHUVLHV� UHJDUGLQJ WKH� FU\VWDO� VWUXFWXUHV� RI�%)�[37�� IRU� ERWK� EXON� DQG�

QDQR� SDUWLFOHV ZDV� UHVROYHG� XVLQJ� 5LHWYHOG� DQDO\VLV� RI� KLJK� UHVROXWLRQ�

V\QFKURWURQ�[�UD\�GLIIUDFWLRQ�GDWD� E\� WDNLQJ� WKH� FRPSRVLWLRQV� ����DQG�[ ������

RQ�WKH�ERWK�VLGH�RI�03%��

�� 7KH�DQWLIHUURPDJQHWLF�WUDQVLWLRQ�WHPSHUDWXUH�71 LQ�WKH�WHWUDJRQDO�SKDVH��[ ������

KDV� EHHQ� IRXQG� WR� LQFUHDVH� GUDVWLFDOO\� E\� RYHU� ���.�RQ�GHFUHDVLQJ� WKH� SDUWLFOH��

7KLV� REVHUYDWLRQ� LV� TXLWH� FRXQWHU�LQWXLWLYH� DV� VL]H� UHGXFWLRQ� LQ� ERWK� IHUURHOHFWULF�

DQG�PDJQHWLF�PDWHULDOV�LQYDULDEO\�OHDGV�WR�D�GHFUHDVH�LQ�WKH�WUDQVLWLRQ�WHPSHUDWXUH�

DV� SHU� D� ZHOO� HVWDEOLVKHG� VFDOLQJ� ODZ� RI� %LQGHU�� :H� KDYH� VKRZQ� XVLQJ�

PDJQHWL]DWLRQ� DQG� KLJK� UHVROXWLRQ� [�UD\� DQG� QHXWURQ� SRZGHU� GLIIUDFWLRQ�

PHDVXUHPHQWV�WKDW�WKLV�DQRPDORXV�LQFUHDVH�RFFXUV�GXH�WR�WKH�FURVV�FRXSOLQJ�RI�WKH�

WZR�SKHQRPHQD�

�� ,Q�FRQWUDVW�WR�WKH�PDJQHWLF�WUDQVLWLRQ��ZH�KDYH�VKRZQ�WKDW�IHUURHOHFWULF�WUDQVLWLRQ�

WHPSHUDWXUH�7& LQ�WKH�VDPH�WHWUDJRQDO�SKDVH�KDV�EHHQ�IRXQG�LQ�WKLV�ZRUN�WR�IROORZ�

WKH�FRQYHQWLRQDO�EHKDYLRU��7KH�UHVXOWV�SUHVHQWHG�KHUH�VKRZ�D�VLJQLILFDQW�GHFUHDVH�

7& ZLWK�GHFUHDVLQJ�SDUWLFOH� VL]H��7KLV� LV�EHFDXVH� WKH�FRXSOLQJ�HIIHFWV�� LI� DQ\��DUH�

PXFK�ZHDNHU� DERYH� WKH�$)0� WUDQVLWLRQ� WHPSHUDWXUH�� 7KXV� EHFDXVH� 71 ��7F� LQ�

%)�����37�� WKH� IHUURHOHFWULF� GLVWRUWLRQ� DIIHFWV� WKH� $)0� WUDQVLWLRQ� GXH� WR�
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PXOWLIHUURLF� FRXSOLQJ� EXW� WKH� IHUURHOHFWULF� 7& LV� QHDUO\� XQDIIHFWHG� E\� WKH�

SDUDPDJQHWLF�VSLQV��

�� :H�ILQG�WKDW�SDUWLFOH�VL]H�DIIHFWV�WKH�71 RI�PRQRFOLQLF�FRPSRVLWLRQV�DOVR��EXW�LQ�D�

YHU\�PRGHVW�IDVKLRQ��,W�LV�DUJXHG�WKDW�WKH�GLIIHUHQFH�LQ�WKH�EHKDYLRU�RI�PRQRFOLQLF�

DQG� WHWUDJRQDO� FRPSRVLWLRQV� DULVHV� EHFDXVH� RI� WKH� GLPHQVLRQDOLW\� RI� WKH� $)0�

SKDVH�ZKLFK� LV� QHDUO\� WZR GLPHQVLRQDO� LQ� WKH� WHWUDJRQDO�SKDVH�GXH� WR�H[WUHPHO\�

ODUJH� IHUURHOHFWULF� GLVWRUWLRQ� DORQJ� >���@��ZKHUHDV� LW� LV� WKUHH� GLPHQVLRQDO� LQ� WKH�

PRQRFOLQLF�SKDVH��

�� 7KH�ODVW��EXW�QRW�WKH�OHDVW��LPSRUWDQW�ILQGLQJ�RI�WKLV�ZRUN�UHODWHV�WR�WKH�GLVFRYHU\�

RI� WKH�*ULIILWK¶V�SKDVH�DQG� ORFDWLRQ�RI� WKH�*ULIILWK¶V�SKDVH�WUDQVLWLRQ�WHPSHUDWXUH�

7* LQ� QDQRFU\VWDOOLQH� PRQRFOLQLF� %)�[37� VDPSOHV�� 7KH� EXON� EHKDYLRU� LV� DOVR�

*ULIILWK¶V�OLNH�DERYH�71 ZLWK�VOLJKWO\�ORZHU�7* ���

�� :LWK�WKH�KHOS�RI KLJK�WHPSHUDWXUH�V\QFKURWURQ�[�UD\�GLIIUDFWLRQ�GDWD�IRU�QDQR�DQG�

EXON� SRZGHUV� D� WHWUDJRQDO� WR� WHWUDJRQDO� SKDVH� LVRVWUXFWXUDO� SKDVH� WUDQVLWLRQ�ZDV�

REVHUYHG��7KH�IHUURHOHFWULF�WUDQVLWLRQ�WHPSHUDWXUH��7&��GHFUHDVHV�ZLWK�VL]H�LQ�%)�

���37��

�����6XJJHVWLRQV IRU�IXWXUH�ZRUN�

7KHUH� DUH� IHZ� RSHQ� TXHVWLRQV� WKDW� UHPDLQ WR� EH� LQYHVWLJDWHG� LQ� %)�[37 V\VWHP�� DV

VXPPDUL]HG�EHORZ�

�� 7KH�VLQWHUDEOH�PRQRFOLQLF�FRPSRVWLRQ�RI�%)�[37�VKRXOG�EH�XVHG�WR�SHSDUH�KLJK�

GHQVLW\� FHUDPLF� VSHFLPHQ� ZLWK� LQVXODWLQJ� FKDUHFWHULVWLFV� XVLQJ� VXLWDEOH� GRSDQW��

VXFK�DV�0Q�2���VR�WKDW�PDJQHWR�HOHFWULF�FRXSOLQJ�HIIHFW�FDQ�EH�LQYHVWLJDWHG�
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�� 6LQJOH� FU\VWDOV� RI� WHWUDJRQDO� SKDVH� VKRXOG� EH� JURZQ� WR� XQGHUVWDQG� WKH� WZR�

GLPHQVLRQDO�DQWLIHUURPDJQHWLF�RUGHULQJ�EHORZ�71�

�� 1DQR� FU\VWDOOLQH� SRZGHUV� RI� %)�[37� VKRXOG� EH� LQYHVWLJDWHG� XVLQJ� $WRPLF� SDLU�

GLVWULEXWLRQ� IXQFWLRQ� DQDO\VLV� WR� XQGHUVWDQG� WKH� QDWXUH� RI� GLVRUGHUQHVV�� QHDU� WKH�

VXUIDFH�
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$KQ� &�+��� 5DEH�� .�0� DQG� 7ULVFRQH�� -�0��� )HUURHOHFWULFLW\� DW� QDQRVFDOH�� ORFDO�

SRODUL]DWLRQ�LQ�R[LGHV�WKLQ�ILOPV�DQG�KHWHURVWUXFWXUHV��6FLHQFH �������� ������

$OLYLVDWRV��$��3���6HPLFRQGXFWRU�FOXVWHUV��QDQRFU\VWDOV��DQG�TXDQWXP�GRWV� 6FLHQFH �����

���±���� �������

$OOZRRG��'�ௗ$���;LRQJ��*���)DXONQHU��&�ௗ&���$WNLQVRQ� '�� 3HWLW��'��DQG�&RZEXUQ� 5�ௗ3��

0DJQHWLF�'RPDLQ�:DOO�/RJLF� 6FLHQFH������������������

$PEURVH�� 7� DQG� &KLHQ�� &�/�� )LQLWH�6L]H� HIIHFW� DQG� XQFRPSHQVDWHG� PDJQHWL]DWLRQ� LQ�

WKLQ�DQWLIHUURPDJQHWLF�&R2�OD\HU� 3K\V��5HY��/HWW� ��� ����� �����

$QGHUVRQ��3��:���$QWLIHUURPDJQHWLVP��7KHRU\�RI�VXSHUH[FKDQJH�LQWHUDFWLRQ��3K\V��5HY���

������������������

$UQROG� '��&���.QLJKW�.��6���0RUULVRQ�)��'���DQG�/LJKWIRRW�3���³)HUURHOHFWULF�3DUDHOHFWULF

7UDQVLWLRQ� LQ� %L)H2��� &U\VWDO� 6WUXFWXUH� RI� WKH� 2UWKRUKRPELF� ȕ 3KDVH´�� 3K\V�� 5HY��

/HWW�������������������

$UQROG�� '�&�� .QLJKW� .�6��� &DWDODQ�� *��� 5HGIHUQ� 6�$�7��� 6FRWW� -�)�� � /LJKWIRRW� 3�� DQG�

0RUULVRQ�� )�'���7KH�ȕ WR� Ȗ WUDQVLWLRQ� LQ�%L)H2�� $�3RZGHU�1HXWURQ�'LIIUDFWLRQ�6WXG\��

$GY��)XQFW��0DWHU�� ��������±�����������

$WDQDVRY��0�� DQG�5HLQHQ��'���'HQVLW\� IXQFWLRQDO� VWXGLHV� RQ� WKH� ORQH� SDLU� HIIHFW RI� WKH�

WULYDOHQW� JURXS� 9� HOHPHQWV�� ,�� HOHFWURQLF� VWUXFWXUH�� YLEURQLF� FRXSOLQJ�� DQG FKHPLFDO�

FULWHULD� IRU� WKH�RFFXUUHQFH�RI� ORQH�SDLU�GLVWRUWLRQV� LQ�$;� PROHFXOHV �$ 1�WR�%L��; +��

DQG�)�WR�,���-��3K\V��&KHP��$�����������±�����������

%DQLN��6���%DQX��1��DQG 'DV� ,���(YROXWLRQ� IURP�QRQ�*ULIILWKV�SKDVH� WR�*ULIILWKV�SKDVH��

*LDQW HQKDQFHPHQW� RI� PDJQHWRUHVLVWDQFH� LQ� QDQRFU\VWDOOLQH �/D���<�������&D���0Q2�

FRPSRXQG��-� $OOR\� &RPSG�� ������������������

%HQLWH]� 0�-�� 3HWUDFLF� 2���6DODEDV� (�/���5DGX� )���7�\V�]� +���6FK�WK� )� DQG�=DEHO� +���

(YLGHQFH�IRU�FRUH�VKHOO�PDJQHWLF�EHKDYLRXU�LQ�DQWLIHUURPDJQHWLF�&R�2� QDQRZLUHV��3K\V��

5HY� /HWW�� ���� ������� �����

%HQQHWW� -��� %HOO�� $�-�� 6WHYHQVRQ�� 7�-��� 6PLWK�� 5�,�� 6WHULDQRX�� ,��� 5HDQH\�� ,�0�� DQG�

&RP\Q�� 7�3���0XOWLIHUURLF� SURSHUWLHV� RI� %L)H2���.���%L����7L2� FHUDPLFV��0DW� /HWWHUV�

��� ���±����������

%HWRXUDV�� -�� -��� *LRYDQQHWWL�� *�� � DQG� YDQ� GHQ� %ULQN� -�� 0XOWLIHUURLFLW\� ,QGXFHG� E\�

'LVORFDWHG�6SLQ�'HQVLW\�:DYHV��3K\V��5HY��/HWW�� ����������������


