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Abstract 

Higher expression levels of MSL2 in D. virilis lead to histone locus binding that is not seen in 
other Drosophila species. 

By Mellisa Xie 

Nuclear bodies are membraneless structures containing concentrated regulatory factors that 
coordinate nuclear processes such as gene expression. The histone locus body (HLB) is a nuclear 
body that is the main site of histone mRNA production. While many factors of the HLB are 
known, there are likely many unknown factors that contribute to histone gene regulation. In 
addition, while HLB function is highly conserved, it is also unknown how the HLB may function 
differently in different species. The histone locus (HL) of the model organism Drosophila 
melanogaster contains ~100 tandem arrays of the five histone genes. While D. melanogaster has 
one HL, the related species, Drosophila virilis, has two HL. We observe localization of male-
specific dosage compensation proteins MSL2 and MSL3 to the major D. virilis histone locus 
using polytene chromosome immunofluorescence, which we do not observe in other Drosophila 
species. To confirm our immunofluorescence observations, we mapped existing MSL2 ChIP-seq 
data and discovered that when MSL2 from either species is overexpressed, it targets the H2a-
H2b promoter. Finally, we performed RT-qPCR analysis on D. melanogaster and D. virilis to 
compare expression levels of msl2, observing higher levels of msl2 in D. virilis, compared to D. 
melanogaster. Our results indicate that increased MSL2 expression leads to artificial HL 
targeting in D. melanogaster and natural targeting in D. virilis. In addition, our results caution 
against using D. melanogaster MSL2 overexpression systems to infer the role of this protein in 
dosage compensation. 
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�

HQFRPSDVVHV�RQO\�DURXQG�����UHSHDWV��6FKLHQPDQ��/R]RYVND\D��DQG�6WUDXVEDXJK��������,Q

DGGLWLRQ�WR�WZR�ORFL� '��YLULOLV DOVR�KDV�WZR�DUUD\ FRQILJXUDWLRQV�RI�WKH�KLVWRQH�JHQHV�±��D�TXLQWHW

DQG�TXDUWHW��7KH�TXLQWHW�LV�FRPSRVHG�RI�WKH�ILYH�KLVWRQH�JHQHV��LQFOXGLQJ�KLVWRQH +�� +�$� +�%�

+���DQG +���7KH�TXDUWHW��KRZHYHU��ODFNV�WKH +� JHQH EXW�VWLOO�KDV�WKH�RWKHU�IRXU�KLVWRQH�JHQHV�

+�$� +�%� +���DQG +���:KLOH�TXLQWHW�FRQILJXUDWLRQV DUH�IRXQG�DW�ERWK�WKH�PDMRU�DQG�PLQRU�ORFL�

WKH�TXDUWHW�FRQILJXUDWLRQ�LV�RQO\�IRXQG�DW�WKH�PDMRU�ORFXV��)LJ���%���6FKLHQPDQ��/R]RYVND\D�

DQG�6WUDXVEDXJK���������'HVSLWH�WKHVH�GLIIHUHQFHV�EHWZHHQ�VSHFLHV��FRQVHUYHG�+/%�IDFWRUV�

LQFOXGLQJ�&/$03�DQG�0[F��WDUJHW�ERWK '��YLULOLV DQG '��PHODQRJDVWHU KLVWRQH�ORFL��%HUORFR�HW

DO��������5LHGHU�HW�DO��������

)LJXUH����7KH '��PHODQRJDVWHU KLVWRQH�ORFXV�DQG '� YLULOLV KLVWRQH�ORFL�
�$���,Q '��PHODQRJDVWHU��WKH�KLVWRQH�ORFXV��ORFDWHG RQ�WKH�OHIW�DUP�RI�&KURPRVRPH����LQFOXGHV
DSSUR[LPDWHO\�����UHSHDWV�RI�WKH�TXLQWHW�KLVWRQH�JHQH�DUUD\���%��8QOLNH�LQ '��PHODQRJDVWHU� '�
YLULOLV KDYH�WZR�KLVWRQH�ORFL��WKH�PDMRU�ORFXV��&KURPRVRPH ,,����)��DQG�WKH�PLQRU�ORFXV
�&KURPRVRPH�,9����&���7KH�PDMRU�ORFXV�KDV�ERWK�TXLQWHW�DQG�TXDUWHW�DUUDQJHPHQWV�RI�WKH
KLVWRQH�JHQHV�ZKLOH�WKH�PLQRU�ORFXV�RQO\�FRQWDLQV�WKH�TXLQWHW�DUUDQJHPHQW�RI�KLVWRQH�JHQHV��7KH
PDMRU�ORFXV�KDV�DURXQG�������KLVWRQH�DUUD\�UHSHDWV��DQG�WKH�PLQRU�ORFXV�RQO\�KDV�DURXQG����
UHSHDWV�RI�WKH�TXLQWHW�DUUD\��6FKLHQPDQ��/R]RYVND\D��DQG�6WUDXVEDXJK�������
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06/��WDUJHWV�RQH�RI�WKH�WZR�'��YLULOLV�KLVWRQH�ORFL

&/$03�LV�FRPPRQ�WR�ERWK�WKH�PDOH�GRVDJH�FRPSHQVDWHG�;�FKURPRVRPH�DV�ZHOO�DV�WKH�+/%�

+RZHYHU��0[F�LV�VSHFLILF�WR�WKH�+/%��ZKLOH�WKH�'&&��LQFOXGLQJ�06/���LV�VSHFLILF�WR�WKH�PDOH

;�FKURPRVRPH�LQ '��PHODQRJDVWHU��:H�ZHUH�WKHUHIRUH VXUSULVHG�WR�REVHUYH�ORFDOL]DWLRQ�RI

06/��WR�RQH�RI�WKH�WZR '��YLULOLV KLVWRQH�ORFL�XVLQJ SRO\WHQH�FKURPRVRPH�LPPXQRIOXRUHVFHQFH

�)LJ������ZKLFK�ZH�GR�QRW�REVHUYH�LQ '��PHODQRJDVWHU� 7KH�REVHUYDWLRQ�RI�06/��DW�WKH '��YLULOLV

KLVWRQH�ORFXV�SURYLGHV�DQ�RSSRUWXQLW\�WR�VWXG\�KRZ�06/��PLJKW�LQIOXHQFH�KLVWRQH�JHQH

H[SUHVVLRQ�WKURXJK�VH[�VSHFLILF�PHFKDQLVPV�

)LJXUH����/RFDOL]DWLRQ�RI�06/����$��,Q '��PHODQRJDVWHU� WKH�SURWHLQ�06/��WDUJHWV�WKH
;�FKURPRVRPH�
,PPXQRIOXRUHVFHQFH�RI�0[F�UHYHDOV�WKH�KLVWRQH�ORFXV��7KHUH�LV�QR�FRORFDOL]DWLRQ�RI�06/��ZLWK
0[F��06/��LV�QRW�DW�WKH�KLVWRQH�ORFXV���%��,Q '��YLULOLV� 06/��ORFDOL]HV�WR�WKH�PDMRU�KLVWRQH
ORFXV����)��EXW�QRW�WR�WKH�PLQRU�ORFXV����&���)XUWKHU��WKH�06/��DQWLERG\�GRHV�QRW�KLJKOLJKW�WKH
PDOH�;�FKURPRVRPH�



�

,Q�WKLV�WKHVLV��,�GHPRQVWUDWH�WKDW�06/��ORFDOL]DWLRQ�WR�WKH�+/�LV�XQLTXH�WR '��YLULOLV��,

IXUWKHU�VKRZ��XVLQJ�DYDLODEOH�&K,3�VHT�GDWDVHWV��WKDW�ERWK '��YLULOLV DQG '��PHODQRJDVWHU06/�

WDUJHW�WKH '��PHODQRJDVWHU KLVWRQH�JHQH�DUUD\�DW�WKH KLVWRQH��D��E SURPRWHU�ZKHQ�WKH�SURWHLQV

DUH�RYHUH[SUHVVHG�LQ�FHOO�FXOWXUH�V\VWHPV��7KLV�LV�VXUSULVLQJ�EHFDXVH�&/$03��ZKLFK�LQWHUDFWV

ZLWK�06/���WDUJHWV�WKH KLVWRQH���� SURPRWHU��5LHGHU HW�DO���������7KLV�PD\�LQGLFDWH�WKDW�06/��LV

VSHFLILFDOO\�LQWHUDFWLQJ�ZLWK�'1$�VHTXHQFH��DV�K\SRWKHVL]HG�LQ�9LOOD�HW�DO��������)LQDOO\��,�XVH

57�T3&5�WR�GHPRQVWUDWH�WKDW PVO� H[SUHVVLRQ�OHYHOV DUH�KLJKHU�LQ '��YLULOLV FRPSDUHG�WR '�

PHODQRJDVWHU��2YHUDOO��P\�REVHUYDWLRQV�VXJJHVW�WKDW LQFUHDVHG�06/��H[SUHVVLRQ�OHDGV�WR

DUWLILFLDO�+/�WDUJHWLQJ�LQ '��PHODQRJDVWHU DQG�QDWXUDO WDUJHWLQJ�LQ '��YLULOLV��7KLV�K\SRWKHVLV�DOVR

VXJJHVWV�FDXWLRQ�ZKHQ�XVLQJ�06/��RYHU�H[SUHVVLRQ�V\VWHPV��ZKLFK�KDYH�SUHYLRXVO\�EHHQ�XVHG

WR�GHWHUPLQH�GRVDJH�FRPSHQVDWLRQ�PHFKDQLVPV��)XUWKHU�VWXGLHV�VKRXOG�DLP�WR�RYHUH[SUHVV PVO�

LQ '��PHODQRJDVWHU WR�GHWHUPLQH�LI�06/��LV�WKHQ�GULYHQ WR�WKH '��PHODQRJDVWHU KLVWRQH�ORFXV�



��

0HWKRGV

'URVRSKLOD VWUDLQV

,�XVHG 'URVRSKLOD�PHODQRJDVWHU �5LHGHU�ODE�VWRFN�QXPEHU ����\>�@Z>����@��������� 'URVRSKLOD

YLULOLV �5LHGHU�ODE�VWRFN�QXPEHU������1DWLRQDO�'URVRSKLOD 6SHFLHV�6WRFN�&HQWHU��1'66&�

���������������� 'URVRSKLOD�SVHXGRREVFXUD �5LHGHU ODE�VWRFN�QXPEHU������1'66&

������������������DQG 'URVRSKLOD�ZLOOLVWRQL �5LHGHU ODE�VWRFN�QXPEHU������1'66&

����������������

,PPXQRIOXRUHVFHQFH�RQ�SRO\WHQH�FKURPRVRPHV

,�SHUIRUPHG�LPPXQRVWDLQLQJ�RQ�SRO\WHQH�FKURPRVRPHV�IURP�VDOLYDU\�JODQGV�GLVVHFWHG�IURP�WKLUG

LQVWDU 'URVRSKLOD ODUYDH�UDLVHG�DW����&��,�XVHG�SULPDU\ DQWLERGLHV�DW�WKH�IROORZLQJ

FRQFHQWUDWLRQV��JXLQHD�SLJ�DQWL�0[F����������JHQHURXV�JLIW�IURP�'UV��'XURQLR�DQG�0DU]OXII��

UDEELW�DQWL�06/����������JHQHURXV�JLIW�IURP�'U��9��0HOOHU��RULJLQDOO\�'U��5RQ�5LFKPRQG����DQG

JRDW�DQWL�06/��VHUXP���������JHQHURXV�JLIW�IURP�'U��(��/DUVFKDQ�ODE��RULJLQDOO\�'U��0�

.XURGD����,�XVHG�$OH[D)OXRU�VHFRQGDU\�DQWLERGLHV��7KHUPR�)LVKHU�6FLHQWLILF��DW�D�FRQFHQWUDWLRQ

RI���������,�XVHG�JRDW�DQWL�JXLQHD�SLJ�$)�����FDWDORJ���$��������WR�VWDLQ�IRU�0[F��DQG�JRDW

DQWL�UDEELW�$)�����FDWDORJ����$��������WR�VWDLQ�IRU�06/��

%LRLQIRUPDWLFV

,�XVHG�WKH�FRPSXWDWLRQDO�ELRORJ\�WRRO��*DOD[\��XVHJDOD[\�RUJ� �$IJDQ�HW�DO��������WR�PDS�06/�

WR�WKH�KLVWRQH�ORFXV��)LUVW��,�H[WUDFWHG�RYHUH[SUHVVHG�06/��&K,3�VHT�DQG�',3�VHT�)$674�ILOHV

https://usegalaxy.org/
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IURP�9LOOD�HW�DO������¶V�6HTXHQFH�5HDG�$UFKLYH��65$��OLVW��1&%,�*(2�$FFHVVLRQ��*6(�������

LQ�*DOD[\�XVLQJ�WKH�³)DVWHU�'RZQORDG�DQG�([WUDFW�5HDGV�LQ�)$674´�RSWLRQ��7KH�H[WUDFWHG

)$674�ILOHV�FRQWDLQ�06/�¶V�VHTXHQFH�DQG�TXDOLW\�LQIRUPDWLRQ��1H[W��,�QRUPDOL]HG�WKH�UHIHUHQFH

JHQRPH��WKH�KLVWRQH�DUUD\��+$���0F.D\�HW�DO���������XVLQJ�WKH�³1RUPDOL]H)$67$´�RSWLRQ��7KLV

ZLOO�HQVXUH�WKDW�WKH�+$�JHQRPH�ZLOO�EH�FRPSDWLEOH�ZLWK�06/�¶V�)$674�ILOHV�WKDW�ZHUH

H[WUDFWHG��$IWHUZDUG��,�XVHG�*DOD[\¶V�³%RZWLH�´�WR�PDS�06/�¶V�VHTXHQWLDO�GDWD�WR�WKH�+$�DQG

SURGXFH�D�%$0�ILOH��)LQDOO\��,�UDQ�³EDP&RYHUDJH´�RQ�WKH�%$0�ILOH�WR�SURGXFH�D�ELJZLJ�ILOH�

ZKLFK�FRQWDLQV�EHWWHU�YLVXDOL]DWLRQ�RI�WKH�DOLJQPHQW��,�XVHG�WKH�,QWHJUDWLYH�*HQRPLFV�9LHZHU

�,*9���5RELQVRQ�HW�DO��������WR�GLVSOD\�WKH�SURGXFHG�ELJZLJ�ILOH��,�IRUPHG�WKH�VDPH�VWHSV�IRU

QRUPDO�06/��H[SUHVVHG�OHYHOV�IURP�06/��&K,3�VHT�)$674�ILOHV�IURP�6FKDXHU�HW�DO������¶V

6HTXHQFH�5HDG�$UFKLYH��65$��OLVW��1&%,�*(2�$FFHVVLRQ���*6(�������

4XDQWLWDWLYH�UHDO�WLPH�3&5��57�T3&5�

,�FRQGXFWHG�T57�3&5�XVLQJ�51$�H[WUDFWHG�IURP�VH[HG 'URVRSKLOD ODUYDH��,�XVHG�WZR�ELRORJLFDO

UHSOLFDWHV�IRU�HDFK 'URVRSKLOD VSHFLHV�DQG�IRU�HDFK VH[��)RU '��PHODQRJDVWHU�PVO���,�XVHG PVO�

IRUZDUG��*&&&7*7&&*7$7*$$7*��DQG�UHYHUVH��&$$&$7***7$$$&$$&&��SULPHUV

IURP�'U��(��/DUVFKDQ�ODE��)RU '��YLULOLV�PVO���,�GHVLJQHG D�IRUZDUG

�*&$7&&777*&&*$7*$7*$&$&��DQG�UHYHUVH��&&$*&***$&7&$$7*7$$&&��SULPHU

WKDW�DPSOLILHG���ES�RI�WKH '��YLULOLV PVO��UQD VHTXHQFH�

&ORQLQJ�WDQGHP�J51$�H[SUHVVLRQ�YHFWRUV�ZLWK�S&)'�

,�IROORZHG�WKH�&5,635�)O\�'HVLJQ�SURWRFRO
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�KWWS���ZZZ�FULVSUIO\GHVLJQ�RUJ�ZS�FRQWHQW�XSORDGV���������&ORQLQJ�ZLWK�S&)'��SGI��WR

GHVLJQ�D�SODVPLG�WKDW��ZKHQ�LQMHFWHG�LQWR�D�IO\��ZRXOG�RYHUH[SUHVV PVO� LQ '��PHODQRJDVWHU��7KLV

GUDZV�IURP�WKH�75L3�&5,635�2YHUH[SUHVVLRQ��75L3�2(��SURWRFRO

�KWWSV���IJU�KPV�KDUYDUG�HGX�YLYR�FULVSU�����8VLQJ DQ�06/��J51$�IRUZDUG

�7$7$7$**$$$*$7$7&&***7*$$&77&&**&7&&$&$$7*&7&7&7**7777$*$*

&7$*$$$7$*&$$*��DQG�UHYHUVH

�$7777$$&77*&7$777&7$*&7&7$$$$&$*&&&77$$$7*&&*7&&**$&*77$$$

77*$$$$7$**7&��VHTXHQFH��,�UDQ�D�3&5�UHDFWLRQ�WR�DPSOLI\�WKH�S&)'��SODVPLG�LQVHUW

�$GGJHQH�SODVPLG����������,�WKHQ�XVHG�*LEVRQ�$VVHPEO\�WR�LQVHUW�P\ PVO� JXLGH�51$V�LQWR

S&)'���$IWHUZDUG��,�WUDQVIRUPHG�WKLV�SODVPLG�LQWR���DOSKD�FRPSHWHQW (��FROL �1(%��&����-�

DQG�XVHG�*HQH:L]�WR�6DQJHU�VHTXHQFH�DQG�YHULI\�WKH�SODVPLG��)LQDOO\��,�VHQW�WKH�SODVPLG�WR

*HQHWL9LVLRQ�IRU�LQMHFWLRQ�LQWR�IOLHV�FDUU\LQJ�WKH�DWW3���ODQGLQJ�VLWH�

http://www.crisprflydesign.org/wp-content/uploads/2014/06/Cloning-with-pCFD4.pdf
https://fgr.hms.harvard.edu/vivo-crispr-0
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5HVXOWV

,PPXQRVWDLQLQJ�UHYHDOV�06/��DQG�06/��ORFDOL]H�WR�WKH�PDMRU '��YLULOLV KLVWRQH�ORFXV�

7R�YHULI\�WKH�HDUOLHU�LPPXQRVWDLQLQJ�RI�06/��DW�RQH�RI�WKH '��YLULOLV KLVWRQH�ORFL��)LJ���%���,

LPPXQRVWDLQHG '��YLULOLV SRO\WHQH�FKURPRVRPHV�XVLQJ DQWL�0[F�DQG�DQWL�06/��DQWLERGLHV�

&RQVLVWHQW�ZLWK�HDUOLHU�UHVXOWV��)LJ���%���,�REVHUYHG�06/��FR�ORFDOL]LQJ�ZLWK�0[F�DW�WKH�PDMRU

KLVWRQH�ORFXV��+/��LQ�PDOHV��+RZHYHU��WKH�;�FKURPRVRPH�GLG�QRW�OLJKW�XS�XQGHU�WKH�06/�

DQWLERG\��)LJ���$���06/��LV�D�PDOH�VSHFLILF�'&&�FRPSRQHQW�DQG�LV�QRW�SUHVHQW�LQ�IHPDOH

'URVRSKLOD �=KRX�HW�DO���������7R�GHWHUPLQH�LI�WKH DQWLERG\�ZDV�UHFRJQL]LQJ�06/���,�DOVR

LPPXQRVWDLQHG�IHPDOH '��YLULOLV SRO\WHQH�FKURPRVRPHV� ,�REVHUYHG�QR�FR�ORFDOL]DWLRQ�RI�06/�

ZLWK�0[F�LQ�HLWKHU�+/��VXJJHVWLQJ�WKDW�WKH�DQWL�06/��DQWLERG\�ZDV�FRUUHFWO\�UHFRJQL]LQJ�06/�

�)LJ���%��

7R�GHWHUPLQH�LI�WKH�'&&��RU�MXVW�06/���WDUJHWV�WKH '��YLULOLV +/��,�VWDLQHG '��YLULOLV

SRO\WHQH�FKURPRVRPHV�IRU�DQRWKHU�'&&�PHPEHU��06/���,�REVHUYHG�WKDW�06/���OLNH�06/��

WDUJHWV�WKH�PDMRU '��YLULOLV KLVWRQH�ORFXV�LQ�PDOHV DQG�WKH�;�FKURPRVRPH�GLG�QRW�OLJKW�XS��)LJ�

�&���,Q�IHPDOH '��YLULOLV��WKH�UHVXOWV�ZHUH�DOVR�FRQVLVWHQW ZLWK�06/��LPPXQRVWDLQLQJ��,�REVHUYHG

QR�FRORFDOL]DWLRQ��)LJ���'���7KLV�VXJJHVWV�WKDW�WKH�'&&��QRW�MXVW�06/���LV�FR�ORFDOL]LQJ�DW�WKH '�

YLULOLV PDMRU�KLVWRQH�ORFXV�

1H[W��WR�GHWHUPLQH�LI�ORFDOL]DWLRQ�RI�06/��WR�WKH�KLVWRQH�JHQHV�LV�VSHFLILF�WR '��YLULOLV��,

SHUIRUPHG�SRO\WHQH�FKURPRVRPH�LPPXQRVWDLQLQJ�RQ '� PHODQRJDVWHU SRO\WHQH�FKURPRVRPHV�

,Q '��PHODQRJDVWHU��06/��GRHV�QRW�FRORFDOL]H�ZLWK 0[F��ZKLFK�VXJJHVWV�WKDW�06/��LV�QRW�DW�WKH

KLVWRQH�ORFXV��+RZHYHU��,�GLG�REVHUYH�06/��ELQGLQJ�WR�WKH�PDOH�;�FKURPRVRPH�LQ '�

PHODQRJDVWHU DV�WKH�;�FKURPRVRPH�ZDV�OLW�XS�LQ�WKH SUHVHQFH�RI�WKH�DQWL�06/��DQWLERG\��)LJ�



��

�$���06/��LV�QRW�SUHVHQW�LQ '��PHODQRJDVWHU IHPDOHV��)LJ���%���)ROORZLQJ�WKLV��,�DOVR�VWDLQHG�IRU

06/��RQ '��PHODQRJDVWHU FKURPRVRPHV��ZKLFK�VKRZHG VWDLQLQJ�UHVXOWV�FRQVLVWHQW�ZLWK�06/�

�)LJ���&�'���7KHVH�REVHUYDWLRQV�VKRZ�WKDW�'&&�ORFDOL]DWLRQ�WR�WKH�KLVWRQH�ORFXV�LV�QRW�VHHQ�LQ '�

PHODQRJDVWHU�

)LJXUH����7KH�'&&�FRPSOH[�WDUJHWV�WKH�PDMRU�KLVWRQH�ORFXV��+/��LQ '��YLULOLV�
�$��,PPXQRVWDLQLQJ�RI '��YLULOLV FKURPRVRPHV�IRU�0[F DQG�06/���0[F�UHYHDOV�WKH�+/��7KH
PDMRU�+/�KDV�IDLQW�EDQGLQJ�IRU�06/��LQGLFDWLQJ�FR�ORFDOL]DWLRQ�RI�0[F�DQG�06/��DW�WKH�+/�
�%��06/��LV�QRW�SUHVHQW�DW�HLWKHU�+/�LQ '��YLULOLV IHPDOHV���&��,PPXQRVWDLQLQJ�RI '��YLULOLV IRU
0[F�DQG�06/���7KH�PDMRU�ORFXV�KDV�IDLQW�EDQGLQJ�IRU�06/���LQGLFDWLQJ�06/��LV�DOVR�DW�WKH '�
YLULOLV PDMRU�+/��7KLV�VXJJHVWV�WKH�'&&�LV�DW�WKH +/��UDWKHU�WKDQ�MXVW�06/����'��06/��LV�QRW
SUHVHQW�DW�HLWKHU�+/�LQ�IHPDOH '��YLULOLV�
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)LJXUH����7KH�'&&�GRHV�QRW�ORFDOL]H�WR�WKH�KLVWRQH�ORFXV�LQ '��PHODQRJDVWHU�
�$��,PPXQRVWDLQLQJ�RI '��PHODQRJDVWHU IRU�0[F��UHG� DQG�06/���JUHHQ��UHYHDOV�06/��GRHV
QRW�FRORFDOL]H�ZLWK�0[F�DW�WKH�VLQJOH�+/��7KLV�LQGLFDWHV�WKDW�06/��LV�QRW�DW�WKH�+/���%��06/�
LV�QRW�SUHVHQW�LQ '��PHODQRJDVWHU IHPDOHV���&��,PPXQRVWDLQLQJ RI '��PHODQRJDVWHU PDOHV�IRU
0[F��UHG��DQG�06/���JUHHQ���&RQVLVWHQW�ZLWK�06/��LPPXQRVWDLQLQJ��06/��LV�QRW�VHHQ�DW�WKH
+/���'��06/��LV�QRW�SUHVHQW�LQ '��PHODQRJDVWHU IHPDOHV�

'��PHODQRJDVWHU DQG '��YLULOLV GLYHUJHG�DERXW��� PLOOLRQV�\HDUV�DJR��5XVVR��7DNH]DNL�

DQG�1HL��������7R�GHWHUPLQH�LI�06/��ORFDOL]DWLRQ�LV�FRPPRQ�LQ�RWKHU 'URVRSKLOD VSHFLHV�WKDW

GLYHUJHG�IURP '��PHODQRJDVWHU PRUH�UHFHQWO\��,�LPPXQRVWDLQHG '��SVHXGRREVFXUD DQG '�

ZLOOLVWRQL SRO\WHQH�FKURPRVRPH�VSUHDGV��%RWK '��SVHXGRREVFXUD DQG '��ZLOOLVWRQL SRVVHVV�D

VLQJOH�KLVWRQH�ORFXV��6LPLODU�WR '��PHODQRJDVWHU LPPXQRVWDLQLQJ� ZKHQ�,�VWDLQHG '�

SVHXGRREVFXUD DQG '��ZLOOLVWRQL ZLWK�DQWL�0[F�DQG DQWL�06/��DQWLERGLHV��,�REVHUYHG�QR
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FRORFDOL]DWLRQ�RI�06/��ZLWK�0[F�DW�WKH�KLVWRQH�ORFXV��7KH�PDOH�;�FKURPRVRPH�IRU�ERWK�VSHFLHV

OLW�XS�ZKHQ�VWDLQHG�IRU�06/���)LJ���$��&���,Q '��SVHXGRREVFXUD DQG '��ZLOOLVWRQL IHPDOHV�

06/��LV�QRW�SUHVHQW��)LJ���%��'���7KHVH�UHVXOWV�IXUWKHU�VXJJHVW�WKDW�WKH�'&&�LV�RQO\�SUHVHQW�DW

WKH '��YLULOLV PDMRU�KLVWRQH�ORFXV�

)LJXUH����,PPXQRVWDLQLQJ�RI�06/��RQ�SRO\WHQH�FKURPRVRPHV�IURP '��SVHXGRREVFXUD DQG
'��ZLOOLVWRQL�
�$��,Q '��SVHXGRREVFXUD��06/��GRHV�QRW�FRORFDOL]H ZLWK�0[F�DW�WKH�+/��+RZHYHU��06/��GRHV
WDUJHW�WKH�;�FKURPRVRPH�LQ�PDOHV���%���06/��LV�QRW�SUHVHQW�LQ '��SVHXGRREVFXUD IHPDOHV���&�
,Q '��ZLOOLVWRQL��06/��GRHV�QRW�FRORFDOL]H�ZLWK�0[F DW�WKH�+/��+RZHYHU��06/��GRHV�WDUJHW�WKH
;�FKURPRVRPH�LQ�PDOHV���'��06/��LV�QRW�SUHVHQW�LQ '��ZLOOLVWRQL IHPDOHV�



��

7DEOH����7DEOH�VXPPDU\�RI�SRO\WHQH�LPPXQRVWDLQLQJ�UHVXOWV�
'��YLULOLV SRO\WHQH�LPPXQRVWDLQLQJ�UHYHDOV�06/��DQG 06/��DW�WKH�PDMRU�KLVWRQH�ORFXV��7KH
;�FKURPRVRPH�GRHV�QRW�VWDLQ�IRU�06/��RU�06/���'&&�SURWHLQV��7KLV�LV�LQFRQVLVWHQW�ZLWK�RWKHU
'URVRSKLOD VSHFLHV��06/��LQ '��PHODQRJDVWHU� '��SVHXGRREVFXUD� DQG '��ZLOOLVWRQL GRHV�QRW
FRORFDOL]H�ZLWK�0[F��EXW�06/��WDUJHWV�WKH�PDOH�;�FKURPRVRPH�LQ�DOO�WKUHH�VSHFLHV��,�RQO\�WHVWHG
06/��LQ '��PHODQRJDVWHU EXW�UHVXOWV�DUH�FRQVLVWHQW ZLWK�06/��VWDLQLQJ��7KHVH�UHVXOWV�DUH�LQ
FRQWUDVW�ZLWK�HDUOLHU�OLWHUDWXUH��ZKLFK�VXJJHVW�WKDW�06/��WDUJHWV�WKH�;�FKURPRVRPH�LQ '��YLULOLV
EXW�QRW�LQ '��SVHXGRREVFXUD DQG '��ZLOOLVWRQL �&RSSV HW�DO��������

06/��LQWHUDFWV�ZLWK�WKH KLVWRQH�D�KLVWRQH�E SURPRWHU�

1H[W��,�ZDQWHG�WR�GHWHUPLQH�LI�06/��WDUJHWV�VSHFLILF�'1$�VHTXHQFHV�ZLWKLQ�WKH�KLVWRQH�JHQH

DUUD\��)LJ���$���,�K\SRWKHVL]HG�WKDW�06/��WDUJHWV�WKH KLVWRQH��KLVWRQH� SURPRWHU��VLQFH�WKLV

UHJLRQ�LV�WDUJHWHG�E\�WKH�&/$03�SURWHLQ��5LHGHU�HW�DO���������9LOOD�HW�DO�������RYHUH[SUHVVHG

ERWK�06/PHO DQG�06/YLU IURP�FHOO�FXOWXUH�DQG�SHUIRUPHG &K,3�VHT�DQG�',3�VHT�RQ�WKH�FHOOV�

&KURPDWLQ�LPPXQRSUHFLSLWDWLRQ��&K,3��VHT�UHYHDOV�WKH�JHQRPLF�ELQGLQJ�ORFDWLRQV�RI�SURWHLQV

DQG�KLVWRQH�PRGLILFDWLRQV�E\�IUDJPHQWLQJ�'1$�XQWLO�RQO\�SURWHLQ�ERXQG�'1$�UHPDLQV��3DUN

�������6LPLODUO\��'1$�LPPXQRSUHFLSLWDWLRQ��',3��VHT�XWLOL]HV�QDNHG�JHQRPLF�WKDW�D�SDUWLFXODU

SXULILHG�UHFRPELQDQW�SURWHLQ�ELQGV��DQG�LW�LV�VHTXHQFHG�WR�UHYHDO�WKH�'1$�ELQGLQJ�VLWHV��*RVVHWW

DQG�/LHE��������,�PDSSHG�9LOOD�HW�DO������¶V�RYHUH[SUHVVHG�06/�YLU&K,3�VHT�GDWD�IURP�.F�FHOOV

�)LJ����$���06/�YLU',3�VHT�GDWD�IURP�6��FHOOV��)LJ� ��%���DQG�06/�PHO&K,3�VHT�GDWD�IURP�.F

FHOOV�WR�WKH '��PHODQRJDVWHU KLVWRQH�ORFXV��)LJ����&�� )URP�DOO�PDSSLQJ�UHVXOWV��,�REVHUYHG�SHDNV



��

EHWZHHQ�WKH KLVWRQH�D�KLVWRQH�E JHQHV��VXJJHVWLQJ�WKDW�06/��LQWHUDFWV�ZLWK�WKH

KLVWRQH�D�KLVWRQH�E SURPRWHU�VHTXHQFH��)LJ����$�&�� 7KHVH�REVHUYDWLRQV�DUH�LQFRQVLVWHQW�ZLWK

P\�RULJLQDO�K\SRWKHVLV��+RZHYHU��ZKHQ�,�PDSSHG�06/��IURP '��PHODQRJDVWHU DW�QRUPDO

H[SUHVVLRQ�OHYHOV��,�REVHUYHG�QR�SHDNV�DW�WKH KLVWRQH�D�KLVWRQH�E SURPRWHU�RU�DQ\ZKHUH�LQ�WKH

KLVWRQH�DUUD\��,�PDSSHG�QRUPDO�06/��H[SUHVVLRQ�OHYHOV�ILUVW�IURP�6FKDXHU�HW�DO������¶V�&K,3�VHT

GDWD�IURP�06/PHO IURP�6��FHOOV��)LJ����$���,�DOVR PDSSHG�06/PHO&K,3�VHT�GDWD�IURP�VDOLYDU\

JODQGV�IURP )LJXHLUHGR�HW�DO������ �)LJ����%���%HFDXVH )LJXHLUHGR�HW�DO������¶V�&K,3�VHT�GDWD

ZDV�GRQH�LQ�VDOLYDU\�JODQGV��,�DQWLFLSDWHG�VLPLODU�UHVXOWV�DV�WKH�LPPXQRVWDLQLQJ�RQ�SRO\WHQH

FKURPRVRPHV�EHFDXVH�WKH\�FRPH�IURP�VDOLYDU\�JODQGV��+RZHYHU��,�REVHUYHG�QR�SHDNV�DW�WKH

KLVWRQH�DUUD\��7KHVH�REVHUYDWLRQV�VXJJHVW�WKDW�ZKHQ�06/��LV�RYHUH[SUHVVHG��LW�WDUJHWV�WKH

KLVWRQH�D�KLVWRQH�E SURPRWHU��EXW�LW�GRHV�QRW�GR�VR DW�QRUPDO�H[SUHVVLRQ�OHYHOV�
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��

)LJXUH�����2YHUH[SUHVVLRQ�RI�06/��LQ '��PHODQRJDVWHU OHDGV�WR�SHDNV�DW�WKH
KLVWRQH�D�KLVWRQH�E SURPRWHU�
�$��2YHUH[SUHVVHG�06/YLU LQ�.F�FHOOV��IHPDOH��UHVXOWV LQ�SHDNV�DW�WKH KLVWRQH�D�KLVWRQH�E
SURPRWHU��&K,3�VHT�GDWD�IURP�9LOOD�HW�DO���������%��2YHUH[SUHVVHG�06/YLU LQ�6���PDOH��FHOOV
UHVXOWV�LQ�SHDNV�DW�WKH KLVWRQH�D�KLVWRQH�E SURPRWHU� ',3�VHT�GDWD�IURP�9LOOD�HW�DO���������&�
2YHUH[SUHVVHG�06/PHO LQ�.F�FHOOV�UHVXOWV�LQ�SHDNV DW�WKH KLVWRQH�D�KLVWRQH�E SURPRWHU��&K,3�VHT
GDWD�IURP�9LOOD�HW�DO��������*(2�$FFHVVLRQ����*6(��������



��

)LJXUH�����1R�06/��SHDNV�DUH�REVHUYHG�LQ�WKH�KLVWRQH�DUUD\�XSRQ�QRUPDO 06/�
H[SUHVVLRQ�LQ '��PHODQRJDVWHU�
�$��06/PHO IURP�6��FHOOV�GHSLFW�QR�SHDNV�LQ�WKH�KLVWRQH DUUD\��&K,3�VHT�GDWD�IURP�6FKDXHU�HW�DO�
������*(2�$FFHVVLRQ����*6(���������%��06/PHO IURP VDOLYDU\�JODQGV��ZKLFK�DUH�WKH�VDPH
JODQGV�SRO\WHQH�FKURPRVRPHV�DUH�VWDLQHG�IURP��VWLOO�GHSLFW�QR�SHDNV�LQ�WKH�KLVWRQH�DUUD\�
&K,3�VHT�GDWD�IURP�)LJXHLUHGR�HW�DO��������RQO\�RQH�UHSOLFDWH�ZDV�SHUIRUPHG� �*(2�$FFHVVLRQ
���*6(�������

'��YLULOLV H[SUHVVHV�KLJKHU�OHYHOV�RI�06/��WKDQ '� PHODQRJDVWHU�

)LQDOO\��,�ZDQWHG�WR�GHWHUPLQH�LI�KLJKHU�OHYHOV�RI�06/��ZHUH�UHVSRQVLEOH�IRU�KLVWRQH�DUUD\

WDUJHWLQJ��,�SHUIRUPHG�TXDQWLWDWLYH�UHDO�WLPH�3&5��57�T3&5��RQ�51$�IURP�ERWK '�

PHODQRJDVWHU DQG '��YLULOLV ODUYDH�WR�GHWHUPLQH�WKH UHODWLYH PVO� 51$�OHYHOV��:KHQ�FRPSDUHG�WR

PDOH '��PHODQRJDVWHU��IHPDOH '��PHODQRJDVWHU KDYH ORZHU PVO� 51$�OHYHOV��FRQVLVWHQW�ZLWK

SUHYLRXV�REVHUYDWLRQV�WKDW PVO� LV�QRW�H[SUHVVHG�LQ IHPDOHV��=KRX�HW�DO���������+RZHYHU��ERWK

PDOH�DQG�IHPDOH '��YLULOLV KDYH�PXFK�KLJKHU PVO� 51$ H[SUHVVLRQ�OHYHOV�WKDQ�REVHUYHG�LQ '�

PHODQRJDVWHU �)LJ�������7KHVH�REVHUYDWLRQV�VXJJHVW WKDW�KLJKHU�OHYHOV�RI�06/��UHVXOW�LQ�KLVWRQH

ORFXV�WDUJHWLQJ��&RQVLVWHQW�ZLWK�P\�SUHYLRXV�REVHUYDWLRQV��)LJ�����������RYHUH[SUHVVLRQ�RI�06/�

PD\�DOVR�UHVXOW�LQ�DUWLILFLDO�WDUJHWLQJ�



��

)LJXUH�����57�T3&5�UHVXOWV�RQ�WKH�UHODWLYH PVO� 51$ H[SUHVVLRQ�OHYHOV�LQ '��PHODQRJDVWHU
�PHO��DQG '��YLULOLV �YLU��
%RWK�PDOH�DQG�IHPDOH '��YLULOLV SURGXFH�KLJKHU�OHYHOV RI PVO� 51$�WKDQ '��PHODQRJDVWHU��,
DQDO\]HG�WZR�ELRORJLFDO�UHSOLFDWHV��UHS����IRU�DOO�VDPSOHV��0DOH '��PHODQRJDVWHU VDPSOHV�DUH
VKRZQ�LQ�EOXH�DQG�IHPDOH�VDPSOHV�LQ�UHG��0DOH '��YLULOLV VDPSOHV�DUH�VKRZQ�LQ�GDUN�EOXH�DQG
IHPDOH�VDPSOHV�LQ�GDUN�UHG��5HVXOWV�DUH�QRUPDOL]HG�WR�WKH�ILUVW '��PHODQRJDVWHU PDOH�UHSOLFDWH�



��

'LVFXVVLRQ

7KH�'&&�ORFDOL]HV�WR�WKH�PDMRU '��YLULOLV KLVWRQH ORFXV��ZKLFK�LV�QRW�VHHQ�LQ�RWKHU 'URVRSKLOD

VSHFLHV�

7KH�DQWL�06/��DQG�DQWL�06/��DQWLERGLHV�ZH�XVHG�GLG�QRW�OLJKW�XS�WKH '��YLULOLV PDOH

;�FKURPRVRPH��)LJ���$��&���ZKLFK�LV�XQH[SHFWHG�VLQFH�06/��DQG�06/��DUH�ERWK�'&&

SURWHLQV��$GGLWLRQDOO\��SUHYLRXV�OLWHUDWXUH�VXJJHVWV�06/��WDUJHWV�WKH '��YLULOLV ;�FKURPRVRPH

�&RSSV�HW�DO���������,�ZDV�FDXWLRXV�DERXW�LQWHUSUHWLQJ�WKLV�UHVXOW�DV�06/��LQ '��YLULOLV��HVSHFLDOO\

EHFDXVH�WKH�DQWL�06/��DQG�DQWL�06/��DQWLERGLHV�DUH�UDLVHG�DJDLQVW�06/��SURWHLQ�IURP '�

PHODQRJDVWHU��DQG�WKH�SURWHLQV�DUH�QRW�ZHOO�FRQVHUYHG �)LJ������+RZHYHU��EHFDXVH�,�GLG�QRW

REVHUYH�06/��RU�06/��FR�ORFDOL]DWLRQ�LQ�IHPDOH '� YLULOLV SRO\WHQH�FKURPRVRPH�VSUHDGV��WKLV

VXJJHVWV�WKDW�WKH�DQWLERG\�LV�UHFRJQL]LQJ�WKH�FRUUHFW�SURWHLQV��$GGLWLRQDOO\��EHFDXVH�WKH�06/�

LPPXQRVWDLQLQJ�UHVXOWV�ZHUH�FRQVLVWHQW�ZLWK�WKH�06/��LPPXQRVWDLQLQJ�UHVXOWV��WKHVH

REVHUYDWLRQV�VXJJHVW�WKDW�WKH�'&&�LV�SUHVHQW�DW�WKH�ORFXV�DQG�QRW�MXVW�WKH�06/��SURWHLQ��)XWXUH

VWXGLHV�VKRXOG�LQFOXGH�ZHVWHUQ�EORWV�IURP�ERWK '� PHODQRJDVWHU DQG '��YLULOLV VDPSOHV�WR�FRQILUP

WKDW�WKH�06/��DQWLERG\�UHFRJQL]HV�WKH�FRUUHFW�VL]HG�SURWHLQ�����.'D��

'��PHODQRJDVWHU DQG '��YLULOLV GLYHUJHG�IURP�WKHLU FRPPRQ�DQFHVWRU�DERXW����PLOOLRQ

\HDUV�DJR��5XVVR��7DNH]DNL��DQG�1HL��������0DQ\�RWKHU�IO\�VSHFLHV�DUH�PRUH�FORVHO\�UHODWHG�WR '�

PHODQRJDVWHU WKDQ '��YLULOLV��VXFK�DV '��SVHXGRREVFXUD DQG '��ZLOOLVWRQL� '��SVHXGRREVFXUD LV

PRVW�FORVHO\�UHODWHG�WR '��PHODQRJDVWHU��KDYLQJ�GLYHUJHG IURP�WKHLU�FRPPRQ�DQFHVWRU�DERXW���

PLOOLRQ�\HDUV�DJR�ZKLOH '��ZLOOLVWRQL GLYHUJHG�IURP LWV�FRPPRQ�DQFHVWRU�ZLWK '��PHODQRJDVWHU

DERXW����PLOOLRQ�\HDUV�DJR��)LJ�������%KXWNDU�HW�DO���������/LNH '��PHODQRJVWHU� '��ZLOOLVWRQL DQG

'��SVHXGRREVFXUD ERWK�KDYH�RQH�KLVWRQH�ORFXV��,�GLG QRW�REVHUYH�06/��FRORFDOL]LQJ�ZLWK�0[F�LQ



��

HLWKHU '��SVHXGRREVFXUD RU '��ZLOOLVWRQL��DOWKRXJK�,�GLG�REVHUYH�;�FKURPRVRPH�ORFDOL]DWLRQ

�)LJ������7KHVH�REVHUYDWLRQV�VXJJHVW�WKDW�WKH�'&&�ORFDOL]DWLRQ�WR�WKH�KLVWRQH�ORFXV�LV�QRW

FRPPRQ�LQ�RWKHU 'URVRSKLOD VSHFLHV�DQG�PLJKW�RQO\ RFFXU�QDWXUDOO\�LQ '��YLULOLV�

)LJXUH�����3K\ORJHQHWLF�WUHH�RI 'URVRSKLOD VSHFLHV�
'��YLULOLV DQG '��PHODQRJDVWHU GLYHUJHG�IURP�WKHLU FRPPRQ�DQFHVWRU����PLOOLRQ�\HDUV�DJR��7ZR
RWKHU�VSHFLHV� '��ZLOOLVWRQL DQG '��SVHXGRREVFXUD� DUH�PRUH�FORVHO\�UHODWHG�WR '��PHODQRJDVWHU
WKDQ '��YLULOLV LV�WR '��PHODQRJDVWHU� '��ZLOOLVWRQL DQG '��PHODQRJDVWHU GLYHUJHG�IURP�WKHLU
FRPPRQ�DQFHVWRU����PLOOLRQ�\HDUV�DJR��ZKLOH '��SVHXGRREVFXUD DQG '��PHODQRJDVWHU GLYHUJHG
IURP�WKHLU�FRPPRQ�DQFHVWRU����PLOOLRQ�\HDUV�DJR��)URP %KXWNDU�HW�DO�������
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8QGHU�DUWLILFLDO�RYHUH[SUHVVHG�FRQGLWLRQV��06/��WDUJHWV�WKH '��PHODQRJDVWHU KLVWRQH�JHQH�DUUD\�

$OWKRXJK�,�RQO\�REVHUYHG�06/��WDUJHWLQJ�WKH�+/�LQ '��YLULOLV��LW�LV�QRW�D�SURSHUW\�XQLTXH�WR�WKH

06/��RUWKRORJ�IURP '��YLULOLV��:KHQ�,�PDSSHG�RYHU�H[SUHVVHG 06/�PHO&K,3�VHT�GDWD�IURP�.F

�IHPDOH��FHOOV�WR�WKH '��PHODQRJDVWHU KLVWRQH�ORFXV� ,�REVHUYHG�SHDNV�DW�WKH KLVWRQH�D�KLVWRQH�E

SURPRWHU�VHTXHQFH��)LJ����&���+RZHYHU��,�GLG�QRW�VHH�WKHVH�SHDNV�LQ�QRUPDO�06/��H[SUHVVLRQ

OHYHOV�IURP�6���PDOH��FHOOV��)LJ����$���VXJJHVWLQJ�WKDW�WKH '��PHODQRJDVWHU06/��RUWKRORJ�ZLOO

WDUJHW�WKH '��PHODQRJDVWHU KLVWRQH�JHQH�DUUD\�RQO\ ZKHQ�WKHUH�DUH�KLJKHU�OHYHOV�RI�06/��

%HFDXVH '��YLULOLV KDV�KLJKHU�H[SUHVVLRQ�OHYHOV�RI PVO� �)LJ�������WKLV�PD\�OHDG�WKH '��YLULOLV

06/��RUWKRORJ�WR�QDWXUDOO\�WDUJHW�WKH '��YLULOLV PDMRU ORFXV��)LJ���$���)LQDOO\��LQ�DOO�WKH

RYHUH[SUHVVHG�06/��&K,3�VHT�DQG�',3�6HT�GDWD��,�REVHUYHG�SHDNV�RQO\�DW�WKH

KLVWRQH�D�KLVWRQH�E SURPRWHU�VHTXHQFH��)LJ�������7KLV LV�DOVR�VXUSULVLQJ�EHFDXVH�&/$03��ZKLFK

LQWHUDFWV�ZLWK�06/��RQ�WKH�PDOH�;�FKURPRVRPH��WDUJHWV�WKH KLVWRQH��� SURPRWHU��5LHGHU�HW�DO�

������

3UHYLRXV�ZRUN�IURP�9LOOD�HW�DO�������XVHG�RYHUH[SUHVVHG '��PHODQRJDVWHU06/��WR�GUDZ

FRQFOXVLRQV�DERXW�WKH�UROH�RI�WKLV�SURWHLQ�LQ�GRVDJH�FRPSHQVDWLRQ��)RU�H[DPSOH��WKH\�GHWHUPLQHG

WKDW '�YLULOLV06/��GRHVQ¶W�LQWULQVLFDOO\�GLVWLQJXLVK WKH�;�FKURPRVRPH�IURP�WKH�DXWRVRPHV�EXW

RYHUH[SUHVVHG '��PHODQRJDVWHU06/��GRHV��)XUWKHU� WKH\�IRXQG�WKDW�WKH�&;&�SURWHLQ�GRPDLQ�RI

06/��ODFNV�05(�VSHFLILFLW\��+RZHYHU��WKHLU�VWXGLHV�XVHG�06/�YLU LQ '��PHODQRJDVWHU FHOO

FXOWXUH��VXFK�DV�LQ�IHPDOH�.F�FHOOV��7R�SHUIRUP�H[SHULPHQWV�LQ�IHPDOH�FHOOV��WKH\�FUHDWHG�KLJKHU

H[SUHVVLRQ�OHYHOV�RI�06/���ZKLFK�FDQ�OHDG�WR�DUWLILFLDO�WDUJHWLQJ��DV�,�REVHUYHG�LQ�)LJ����$��&�

$GGLWLRQDOO\� '��YLULOLV QDWXUDOO\�KDV�KLJKHU�OHYHOV RI PVO� WKDQ '��PHODQRJDVWHU �)LJ������

7KHUHIRUH��XVLQJ�06/�YLU LQ '��PHODQRJDVWHU PD\�OHDG WR�VXUSOXV�DPRXQWV�RI�06/��LQ�WKHLU�FHOO

FXOWXUH��ZKLFK�PD\�SURGXFH�DUWLILFLDO�UHVXOWV��2YHUDOO��P\�GDWD�FDXWLRQ�DJDLQVW�GUDZLQJ



��

FRQFOXVLRQV�XVLQJ�06/��RYHUH[SUHVVLRQ�V\VWHPV��ZKLFK�KDYH�SUHYLRXVO\�EHHQ�XVHG�WR�GHWHUPLQH

GRVDJH�FRPSHQVDWLRQ�PHFKDQLVPV��:KHQ�06/��LV�RYHUH[SUHVVHG��WKLV�FDQ�OHDG�WR�DUWLILFLDO

JHQRPH�WDUJHWLQJ��VXFK�DV�WKH�DUWLILFLDO�KLVWRQH�ORFXV�WDUJHWLQJ�LQ '��PHODQRJDVWHU &K,3�VHT�GDWD

�)LJ����&���DV�WKLV�ZDV�LQFRQVLVWHQW�ZLWK�LPPXQRVWDLQLQJ�UHVXOWV��)LJ���$��

,Q�VXPPDU\��P\�VWXGLHV�LQGLFDWH�WKDW�WKH�'&&�WDUJHWV�WKH '��YLULOLV PDMRU�KLVWRQH�ORFXV�

ZKLFK�GRHV�QRW�RFFXU�LQ�RWKHU 'URVRSKLOD VSHFLHV� 7KLV�PD\�EH�GXH�WR '��YLULOLV SURGXFLQJ�KLJKHU

OHYHOV�RI�06/��OHDGLQJ�WR�LWV�WDUJHWLQJ�DW�WKH�KLVWRQH�ORFXV��2XU�IXWXUH�ZRUN�ZLOO�EXLOG�RQ�WKLV�E\

RYHUH[SUHVVLQJ PVO� LQ '��PHODQRJDVWHU WR�GHWHUPLQH LI�KLJKHU�H[SUHVVLRQ�OHYHOV�GULYH�06/��WR

WKH '��PHODQRJDVWHU KLVWRQH�ORFXV�RQ�SRO\WHQH�FKURPRVRPHV� VLPLODU�WR�ZKDW�,�REVHUYHG�LQ '�

YLULOLV�



��

5HIHUHQFHV

$IJDQ��(QLV��'DQQRQ�%DNHU��%pUpQLFH�%DWXW��0DULXV�YDQ�GHQ�%HHN��'DYH�%RXYLHU��0DUWLQ�&HFK�

-RKQ�&KLOWRQ��HW�DO��������³7KH�*DOD[\�3ODWIRUP�IRU�$FFHVVLEOH��5HSURGXFLEOH�DQG

&ROODERUDWLYH�%LRPHGLFDO�$QDO\VHV�������8SGDWH�´ 1XFOHLF $FLGV�5HVHDUFK ����:���

:���±����KWWSV���GRL�RUJ���������QDU�JN\����

$OELJ��:���DQG�'��'RHQHFNH��������³7KH�+XPDQ�+LVWRQH�*HQH�&OXVWHU�DW�WKH�'�6����/RFXV�´

+XPDQ�*HQHWLFV ������������±����KWWSV���GRL�RUJ���������V�������������

$OHNVH\HQNR��$UW\RP�$���6KRX\RQJ�3HQJ��(ULFD�/DUVFKDQ��$QGUH\�$��*RUFKDNRY��2N�.\XQJ

/HH��3HWHU�.KDUFKHQNR��6HDQ�'��0F*UDWK��HW�DO��������³$�6HTXHQFH�0RWLI�ZLWKLQ

&KURPDWLQ�(QWU\�6LWHV�'LUHFWV�06/�(VWDEOLVKPHQW�RQ�WKH�'URVRSKLOD�;�&KURPRVRPH�´

&HOO ������������±�����KWWSV���GRL�RUJ���������M�FHOO�������������

%HUORFR��0DULD��/DXUD�)DQWL��$FKLP�%UHLOLQJ��9DOHULR�2UODQGR��DQG�6HUJLR�3LPSLQHOOL�������

³7KH�0DWHUQDO�(IIHFW�*HQH��$EQRUPDO�2RF\WH��$ER���RI�'URVRSKLOD�0HODQRJDVWHU

(QFRGHV�D�6SHFLILF�1HJDWLYH�5HJXODWRU�RI�+LVWRQHV�´ 3URFHHGLQJV�RI�WKH�1DWLRQDO

$FDGHP\�RI�6FLHQFHV ��������������±����KWWSV���GRL�RUJ���������SQDV�����������

%KXWNDU��$UMXQ��6XVDQ�0��5XVVR��7HPSOH�)��6PLWK��DQG�:LOOLDP�0��*HOEDUW�������

³*HQRPH�6FDOH�$QDO\VLV�RI�3RVLWLRQDOO\�5HORFDWHG�*HQHV�´ *HQRPH�5HVHDUFK ��������

����±����KWWSV���GRL�RUJ���������JU���������

%RQJDUW]��3KLOLSS��DQG�6LHJIULHG�6FKORLVVQLJ��������³'HHS�5HSHDW�5HVROXWLRQ�WKH�$VVHPEO\�RI

WKH�'URVRSKLOD�+LVWRQH�&RPSOH[�´ 1XFOHLF�$FLGV�5HVHDUFK ��������H���

KWWSV���GRL�RUJ���������QDU�JN\�����

%URFNGRUII��1HLO��DQG�%U\DQ�0��7XUQHU��������³'RVDJH�&RPSHQVDWLRQ�LQ�0DPPDOV�´ &ROG

6SULQJ�+DUERU�3HUVSHFWLYHV�LQ�%LRORJ\ �������D�������
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KWWSV���GRL�RUJ���������FVKSHUVSHFW�D�������

&RSSV��.���5��5LFKPDQ��/��0��/\PDQ��.��$��&KDQJ��-��5DPSHUVDG�$PPRQV��DQG�0��,��.XURGD�

������³&RPSOH[�)RUPDWLRQ�E\�WKH�'URVRSKLOD�06/�3URWHLQV��5ROH�RI�WKH�06/��5,1*

)LQJHU�LQ�3URWHLQ�&RPSOH[�$VVHPEO\�´ 7KH�(0%2�-RXUQDO �������������±���

KWWSV���GRL�RUJ���������HPERM������������

'XURQLR��5REHUW�-���DQG�:LOOLDP�)��0DU]OXII��������³&RRUGLQDWLQJ�&HOO�&\FOH�5HJXODWHG�+LVWRQH

*HQH�([SUHVVLRQ�WKURXJK�$VVHPEO\�DQG�)XQFWLRQ�RI�WKH�+LVWRQH�/RFXV�%RG\�´ 51$

%LRORJ\ �����������±����KWWSV���GRL�RUJ�������������������������������

)LJXHLUHGR��0DUJDULGD�/��$���0DULD�.LP��3KLOJH�3KLOLS��$QGHUV�$OOJDUGVVRQ��3HU�6WHQEHUJ��DQG

-DQ�/DUVVRQ��������³1RQ�&RGLQJ�5R;�51$V�3UHYHQW�WKH�%LQGLQJ�RI�WKH�06/�&RPSOH[

WR�+HWHURFKURPDWLF�5HJLRQV�´ 3/26�*HQHWLFV �������� H��������

KWWSV���GRL�RUJ���������MRXUQDO�SJHQ���������

*RVVHWW��$QGUHD�-���DQG�-DVRQ�'��/LHE��������³'1$�,PPXQRSUHFLSLWDWLRQ��',3��IRU�WKH

'HWHUPLQDWLRQ�RI�'1$�%LQGLQJ�6SHFLILFLW\�´ &6+�3URWRFROV ������0DUFK��

SGE�SURW������KWWSV���GRL�RUJ���������SGE�SURW�����

.HPS��-DPHV�3���;LDR�&XL�<DQJ��=ELJQLHZ�'RPLQVNL��:LOOLDP�)��0DU]OXII��DQG�5REHUW�-�

'XURQLR��������³6XSHUUHVROXWLRQ�/LJKW�0LFURVFRS\�RI�WKH�'URVRSKLOD�+LVWRQH�/RFXV

%RG\�5HYHDOV�D�&RUH�6KHOO�2UJDQL]DWLRQ�$VVRFLDWHG�ZLWK�([SUHVVLRQ�RI

5HSOLFDWLRQ�'HSHQGHQW�+LVWRQH�*HQHV�´ 0ROHFXODU�%LRORJ\ RI�WKH�&HOO �����������±���

KWWSV���GRL�RUJ���������PEF�(�����������

.X]X��*XUD\��(PLO\�*��.D\H��-HVVLFD�&KHU\��7UHYRU�6LJJHUV��/LQ�<DQJ��-DVRQ�5��'REVRQ��6RQLD

%RRU��HW�DO��������³([SDQVLRQ�RI�*$�'LQXFOHRWLGH�5HSHDWV�,QFUHDVHV�WKH�'HQVLW\�RI

&/$03�%LQGLQJ�6LWHV�RQ�WKH�;�&KURPRVRPH�WR�3URPRWH�'URVRSKLOD�'RVDJH
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&RPSHQVDWLRQ�´ 3/R6�*HQHWLFV ��������H��������

KWWSV���GRL�RUJ���������MRXUQDO�SJHQ���������

/XFFKHVL��-��&��������³'RVDJH�&RPSHQVDWLRQ�LQ�)OLHV�DQG�:RUPV��7KH�8SV�DQG�'RZQV�RI

;�&KURPRVRPH�5HJXODWLRQ�´ &XUUHQW�2SLQLRQ�LQ�*HQHWLFV 	�'HYHORSPHQW ����������±���

KWWSV���GRL�RUJ���������V��������[������������

/XFFKHVL��-RKQ�&��������³7UDQVFULSWLRQDO�0RGXODWLRQ�RI�(QWLUH�&KURPRVRPHV��'RVDJH

&RPSHQVDWLRQ�´ -RXUQDO�RI�*HQHWLFV �����������±���

0DR��<XQWDR�6���%LQ�=KDQJ��DQG�'DYLG�/��6SHFWRU��������³%LRJHQHVLV�DQG�)XQFWLRQ�RI�1XFOHDU

%RGLHV�´ 7UHQGV�LQ�*HQHWLFVࣟ��7,* �����������±����

KWWSV���GRL�RUJ���������M�WLJ�������������

0DU]OXII��:LOOLDP�)���3UHHWDP�*RQJLGL��.HLWK�5��:RRGV��-LDQSLQJ�-LQ��DQG�/RLV�-��0DOWDLV�������

³7KH�+XPDQ�DQG�0RXVH�5HSOLFDWLRQ�'HSHQGHQW�+LVWRQH�*HQHV�´ *HQRPLFV �������

���±���

0DWVXVKLWD��0DVD\D��+LURVKL�2FKLDL��.HQ�,FKL�7��6X]XNL��6D\DND�+D\DVKL��7DNDVKL�<DPDPRWR�

$NLQRUL�$ZD]X��DQG�1DRDNL�6DNDPRWR��������³'\QDPLF�&KDQJHV�LQ�WKH

,QWHUFKURPRVRPDO�,QWHUDFWLRQ�RI�(DUO\�+LVWRQH�*HQH�/RFL�GXULQJ�'HYHORSPHQW�RI�6HD

8UFKLQ�´ -RXUQDO�RI�&HOO�6FLHQFH ��������������±�����

KWWSV���GRL�RUJ���������MFV��������

0F.D\��'DQLHO�-���6WHSKHQ�.OXV]D��7D\ORU�-��5��3HQNH��0LFKDHO�3��0HHUV��.DLWOLQ�3��&XUU\�

6WHSKHQ�/��0F'DQLHO��3DPHOD�<��0DOHN��HW�DO��������³,QWHUURJDWLQJ�WKH�)XQFWLRQ�RI

0HWD]RDQ�+LVWRQHV�8VLQJ�(QJLQHHUHG�*HQH�&OXVWHUV�´ 'HYHORSPHQWDO�&HOO �������

���±����KWWSV���GRL�RUJ���������M�GHYFHO�������������

0XNKHUMHH��$��6���DQG�:��%HHUPDQQ��������³6\QWKHVLV�RI�5LERQXFOHLF�$FLG�E\�WKH
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;�&KURPRVRPHV�RI�'URVRSKLOD�0HODQRJDVWHU�DQG�WKH�3UREOHP�RI�'RVDJH

&RPSHQVDWLRQ�´ 1DWXUH ��������������±����KWWSV���GRL�RUJ���������������D��

3DUN��3HWHU�-��������³&K,3±6HT��$GYDQWDJHV�DQG�&KDOOHQJHV�RI�D�0DWXULQJ�7HFKQRORJ\�´ 1DWXUH

5HYLHZV�*HQHWLFV ������������±����KWWSV���GRL�RUJ���������QUJ�����

5LHGHU��/HLOD�(���:LOOLDP�7KRPDV�-RUGDQ��DQG�(ULFD�1LFROH�/DUVFKDQ��������³7DUJHWLQJ�RI�WKH

'RVDJH�&RPSHQVDWHG�0DOH�;�&KURPRVRPH�GXULQJ�(DUO\�'URVRSKLOD�'HYHORSPHQW�´ &HOO

5HSRUWV �������������������H���KWWSV���GRL�RUJ���������M�FHOUHS�������������

5LHGHU��/HLOD�(���.DLWOLQ�3��.RUHVNL��.DUD�$��%ROW]��*XUD\�.X]X��-HQQLIHU�$��8UEDQ��6DUDK�.�

%RZPDQ��$QQD�=HLGPDQ��HW�DO��������³+LVWRQH�/RFXV�5HJXODWLRQ�E\�WKH�'URVRSKLOD

'RVDJH�&RPSHQVDWLRQ�$GDSWRU�3URWHLQ�&/$03�´ *HQHV 	�'HYHORSPHQW ��������

����±������KWWSV���GRL�RUJ���������JDG������������

5RELQVRQ��-DPHV�7���+HOJD�7KRUYDOGVGyWWLU��:HQG\�:LQFNOHU��0LWFKHOO�*XWWPDQ��(ULF�6��/DQGHU�

*DG�*HW]��DQG�-LOO�3��0HVLURY��������³,QWHJUDWLYH�*HQRPLFV�9LHZHU�´ 1DWXUH

%LRWHFKQRORJ\ ����������±����KWWSV���GRL�RUJ���������QEW������

5XVVR��&��$���1��7DNH]DNL��DQG�0��1HL��������³0ROHFXODU�3K\ORJHQ\�DQG�'LYHUJHQFH�7LPHV�RI

'URVRSKLOLG�6SHFLHV�´ 0ROHFXODU�%LRORJ\�DQG�(YROXWLRQ �����������±����

KWWSV���GRL�RUJ���������R[IRUGMRXUQDOV�PROEHY�D�������

6DPDWD��0DULD��DQG�$VLID�$NKWDU��������³'RVDJH�&RPSHQVDWLRQ�RI�WKH�;�&KURPRVRPH��$

&RPSOH[�(SLJHQHWLF�$VVLJQPHQW�,QYROYLQJ�&KURPDWLQ�5HJXODWRUV�DQG�/RQJ�1RQFRGLQJ

51$V�´ $QQXDO�5HYLHZ�RI�%LRFKHPLVWU\ ����-XQH������±���

KWWSV���GRL�RUJ���������DQQXUHY�ELRFKHP���������������

6FKDXHU��7DPiV��<DG�*KDYL�+HOP��7RP�6H[WRQ��&KULVWLDQ�$OELJ��&DWKHULQH�5HJQDUG��*LDFRPR

&DYDOOL��(LOHHQ�(��0��)XUORQJ��DQG�3HWHU�%��%HFNHU��������³7KH�'URVRSKLOD�'RVDJH
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&RPSHQVDWLRQ�&RPSOH[�$FWLYDWHV�7DUJHW�*HQHV�E\�&KURPRVRPH�/RRSLQJ�ZLWKLQ�WKH

$FWLYH�&RPSDUWPHQW�´�ELR5[LY��KWWSV���GRL�RUJ����������������

6FKLHQPDQ��-��(���(��5��/R]RYVND\D��DQG�/��'��6WUDXVEDXJK��������³'URVRSKLOD�9LULOLV�+DV

$W\SLFDO�.LQGV�DQG�$UUDQJHPHQWV�RI�+LVWRQH�5HSHDWV�´ &KURPRVRPD ������������±���

KWWSV���GRL�RUJ���������V�������������

6RUXFR��0DUFHOD�0��/���-HVVLFD�&KHU\��(ULF�3��%LVKRS��7UHYRU�6LJJHUV��0LFKDHO�<��7ROVWRUXNRY�

$OH[DQGHU�5��/H\GRQ��$UWKXU�8��6XJGHQ��HW�DO��������³7KH�&/$03�3URWHLQ�/LQNV�WKH

06/�&RPSOH[�WR�WKH�;�&KURPRVRPH�GXULQJ�'URVRSKLOD�'RVDJH�&RPSHQVDWLRQ�´ *HQHV

	�'HYHORSPHQW �������������±����KWWSV���GRL�RUJ���������JDG������������

7DWRPHU��'���(VWHEDQ�$��7HU]R��.DLWOLQ�3��&XUU\��+��6DO]OHU��,YDQ�6DEDWK��*U]HJRU]�=DSRWRF]Q\�

'��-��0F.D\��=��'RPLQVNL��:��0DU]OXII��DQG�5��'XURQLR��������³&RQFHQWUDWLQJ

3UH�051$�3URFHVVLQJ�)DFWRUV�LQ�WKH�+LVWRQH�/RFXV�%RG\�)DFLOLWDWHV�(IILFLHQW�+LVWRQH

051$�%LRJHQHVLV�´ 7KH�-RXUQDO�RI�&HOO�%LRORJ\��KWWSV���GRL�RUJ���������MFE�����������

7HU]R��(VWHEDQ�$���6KDZQ�0��/\RQV��-RKQ�6��3RXOWRQ��%UHQGD�5��6��7HPSOH��:LOOLDP�)��0DU]OXII�

DQG�5REHUW�-��'XURQLR��������³'LVWLQFW�6HOI�,QWHUDFWLRQ�'RPDLQV�3URPRWH�0XOWL�6H[

&RPEV�$FFXPXODWLRQ�LQ�DQG�)RUPDWLRQ�RI�WKH�'URVRSKLOD�+LVWRQH�/RFXV�%RG\�´

0ROHFXODU�%LRORJ\�RI�WKH�&HOO ������������±���

KWWSV���GRL�RUJ���������PEF�(�����������

7LNKRQRYD��(YJHQL\D��$QQD�)HGRWRYD��$UWHP�%RQFKXN��9ODGLF�0RJLOD��(ULFD�1��/DUVFKDQ��3DYHO

*HRUJLHY��DQG�2NVDQD�0DNVLPHQNR��������³7KH�6LPXOWDQHRXV�,QWHUDFWLRQ�RI�06/��ZLWK

&/$03�DQG�'1$�3URYLGHV�5HGXQGDQF\�LQ�WKH�,QLWLDWLRQ�RI�'RVDJH�&RPSHQVDWLRQ�LQ

'URVRSKLOD�0DOHV�´ 'HYHORSPHQW��&DPEULGJH��(QJODQG� ����������GHY�������

KWWSV���GRL�RUJ���������GHY��������
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8UEDQ��-HQQLIHU��*XUD\�.X]X��6DUDK�%RZPDQ��%HQMDPLQ�6FUXJJV��7HOPR�+HQULTXHV��5REHUW

.LQJVWRQ��.DUHQ�$GHOPDQ��0LFKDHO�7ROVWRUXNRY��DQG�(ULFD�/DUVFKDQ��������³(QKDQFHG

&KURPDWLQ�$FFHVVLELOLW\�RI�WKH�'RVDJH�&RPSHQVDWHG�'URVRSKLOD�0DOH�;�&KURPRVRPH

5HTXLUHV�WKH�&/$03�=LQF�)LQJHU�3URWHLQ�´ 3OR6�2QH ���������H��������

KWWSV���GRL�RUJ���������MRXUQDO�SRQH���������

9LOOD��5DIIDHOOD��3UDYLQ�.XPDU�$QNXVK�-DJWDS��$QGUHDV�:��7KRPDH��$OLQH�&DPSRV�6SDUU��,JQDVL

)RUQp��-DQRVFK�+HQQLJ��7RELDV�6WUDXE��DQG�3HWHU�%��%HFNHU��������³'LYHUJHQW�(YROXWLRQ

WRZDUG�6H[�&KURPRVRPH�6SHFLILF�*HQH�5HJXODWLRQ�LQ�'URVRSKLOD�´ *HQHV�	

'HYHORSPHQW ������±���������±����KWWSV���GRL�RUJ���������JDG������������

9LOOD��5DIIDHOOD��7DPDV�6FKDXHU��3DZHO�6PLDORZVNL��7RELDV�6WUDXE��DQG�3HWHU�%��%HFNHU�������

³3LRQ;�6LWHV�0DUN�WKH�;�&KURPRVRPH�IRU�'RVDJH�&RPSHQVDWLRQ�´ 1DWXUH �����������

���±����KWWSV���GRL�RUJ���������QDWXUH������

:KLWH��$QQH�(���%UDQGRQ�'��%XUFK��;LDR�FXL�<DQJ��3DPHOD�<��*DVGDVND��=ELJQLHZ�'RPLQVNL�

:LOOLDP�)��0DU]OXII��DQG�5REHUW�-��'XURQLR��������³'URVRSKLOD�+LVWRQH�/RFXV�%RGLHV

)RUP�E\�+LHUDUFKLFDO�5HFUXLWPHQW�RI�&RPSRQHQWV�´ 7KH -RXUQDO�RI�&HOO�%LRORJ\ ��������

���±����KWWSV���GRL�RUJ���������MFE�����������

=KRX��6���<��<DQJ��0��-��6FRWW��$��3DQQXWL��.��&��)HKU��$��(LVHQ��(��9��.RRQLQ��'��/��)RXWV��5�

:ULJKWVPDQ��DQG�-��(��0DQQLQJ��������³0DOH�6SHFLILF�/HWKDO����D�'RVDJH�&RPSHQVDWLRQ

*HQH�RI�'URVRSKLOD��8QGHUJRHV�6H[�6SHFLILF�5HJXODWLRQ�DQG�(QFRGHV�D�3URWHLQ�ZLWK�D

5,1*�)LQJHU�DQG�D�0HWDOORWKLRQHLQ�OLNH�&\VWHLQH�&OXVWHU�´ 7KH�(0%2�-RXUQDO ��������

����±���


