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DRD4 gene polymorphisms and personality traits

INTRODUCTION
Dopamine is the hormone of “motivation, thrill and adventure seek-
LQJĵb>�@��7KH�LQĠXHQFH�RI�GRSDPLQH�LV�DVVRFLDWHG�ZLWK�PDNLQJ�VR�
FDOOHG�ĴULVN\�GHFLVLRQVĵ��7KH�QH[W�HOHPHQW�WKDW�VKRXOG�EH�DFNQRZO-
HGJHG�DV�LPSRUWDQW�LV�WKH�VR�FDOOHG�ĴPHVROLPELF�UHZDUG�V\VWHPĵ�
ZKLFK�PHGLDWHV�WKH�UHZDUG�SV\FKRSKDUPDFRORJ\�UHVSRQVH�WR�SK\V-
LFDO�HIIRUW�RU�RWKHU�IDFWRUV��'RSDPLQH��GHVFULEHG�DV�D�ĴSOHDVXUH�QHX-
URWUDQVPLWWHU�ĵ�LV�IXQFWLRQDOO\�FRQQHFWHG�ZLWK�WKH�ĴSOHDVXUH�FHQWHU�ĵ�
ORFDWHG�LQ�WKH�YHQWUDO�WHJPHQWDO�DUHD�RI�WKH�EUDLQ�LQ�ZKLFK�WKHUH�DUH�
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SRO\PRUSKLVP�ORFDWHG�LQ��ĳ�875�UHJLRQ��7KH���ES�VHTXHQFH�RI���WR�
���UHSHWLWLRQV�ZDV�LGHQWLğHG��KRZHYHU��WKH�PRVW�IUHTXHQWO\�RFFXUULQJ�
YDULDQWV�KDG���RU����UHSHDWHG�VHTXHQFHVb>��@��1HYHUWKHOHVV��FRQ-
WUDGLFWRU\�UHSRUWV�FRQFHUQLQJ�SRO\PRUSKLF�YDULDQWV�DQG�DAT1 tran-
VFULSWLRQ�OHYHO�ZHUH�DOVR�REVHUYHG�LQ�WKLV�FDVHb>�����@�
7KH�JRDO�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�SHUVRQDOLW\�

WUDLWV�LQ�HOLWH�FRPEDW�DWKOHWHV�DQG�KHDOWK\�FRQWUROV�ZLWK�UHVSHFW�WR�
YDULDEOH�QXPEHU�RI�WDQGHP�UHSHDWV��D����ES�XQLW��LQ�WKH�WKLUG�H[RQ�
of the DRD4�JHQH�

0$7(5,$/6�$1'�0(7+2'6�
Materials
7KH�VWXG\�ZDV�FRQGXFWHG�DPRQJ�KHDOWK\��QRQ�GHSHQGHQW�DQG�QRQ�
SV\FKRVLV������3ROLVK�PDOH�FRPEDW�DWK�OHWHV�DJHG������ř������MXGR��
Q� �����ZUHVWOLQJ��Q� �����ER[LQJ��Q� �����NLFNER[LQJ��Q� �����
NDUDWH��Q� ������$OO�RI�WKHP�ZHUH�UDQNHG�LQ�WKH�WRS����QDWLRQDOO\�LQ�
WKHLU�UHVSHFWLYH�GLVFLSOLQHV��7KH�VWXG\�SRSXODWLRQ�LQ�FOXGHG����DWKOHWHV�
FODVVLğHG�DV�ĲWRS�HOLWHĳ��JROG�PHGDOLVWV�LQ�WKH�:RUOG�DQG�(XURSHDQ�
&KDPSLRQVKLSV��:RUOG�&XSV�RU�2O\PSLF�*DPHV��DQG����DWKOHWHV�
FODVVLğHG�DV�ĲHOLWHĳ��VLOYHU�RU�EURQ]H�PHGDOLVWV�LQ�WKH�:RUOG�DQG�(X-
URSHDQ�&KDPSLRQVKLSV��:RUOG�&XSV�RU�2O\PSLF�*DPHV���7KH�RWK-
HUVb�Q ����ZHUH�FODVVLğHG�DV�ĲVXE�HOLWHĳ��SDUWLFLSDQWV�LQ�LQ�WHUQDWLRQDO�
FRPSHWLWLRQV��ZLWK�QR�OHVV�WKDQ���\HDUV�H[SHULHQFH���9DULRXV�PHWKRGV�
ZHUH�XVHG�WR�REWDLQ�WKH�VDPSOHV��LQFOXGLQJ�WDUJHWLQJ�QDWLRQDO�WHDPV�
DQG�SURYLGLQJ�LQIRUPDWLRQ�WR�QDWLRQDO�FRDFKLQJ�SHUVRQQHO�DQG�DWKOHWHV�
DWWHQGLQJ�WUDLQLQJ�FDPSV�
&RQWUROV�LQFOXGHG�����XQUHODWHG��KHDOWK\��QRQ�GHSHQGHQW�DQG�

QRQ�SV\FKRVLV��3ROLVK�PDOH�YROXQWHHUV�DJHG�����ř�����$OO�DWKOHWHV�
DQG�FRQWUROV�ZHUH�&DXFDVLDQ�WR�UHGXFH�WKH�SRV�VLELOLW\�RI�UDFLDO�JHQH�
VNHZLQJ�DQG�WR�RYHUFRPH�DQ\�SRWHQWLDO�SUREOHPV�GXH�WR�SRSXODWLRQ�
VWUDWLğFDWLRQ�

Ethical approval
7KH�SURFHGXUHV�IROORZHG�LQ�WKH�VWXG\�ZHUH�FRQGXFWHG�LQ�DFFRUGDQFH�
ZLWK�WKH�SULQFLSOHV�RI�WKH�:RUOG�0HGLFDO�$VVRFLDWLRQ�'HFODUDWLRQ�RI�
+HOVLQNL�DQG�ZHUH�DSSURYHG�E\�WKH�%LRHWKLFV�&RPPLWWHH�IRU�&OLQLFDO�
5HVHDUFK�DW�WKH�5HJLRQDO�0HGLFDO�&KDPEHU�LQ�*GDQVN��3RODQG��$OO�
SDUWLFLSDQWV�ZHUH�SURYLGHG�ZLWK�DQ�LQIRUPDWLRQ�VKHHW�FRQFHUQLQJ�
VWXG\�SDUWLFXODUV��LQFOXGLQJ�WKH�SXUSRVH�RI�WKH�VWXG\�DQG�WKH�SURFH-
GXUHV�LQYROYHG��LQ�DGGLWLRQ�WR�WKH�SRVVLEOH�ULVNV�DQG�EHQHğWV�DVVRFL-
DWHG�ZLWK�SDUWLFLSDWLRQ��$OO�SDUWLFLSDQWV�SURYLGHG�ZULWWHQ�LQIRUPHG�
FRQVHQW�WR�JHQRW\SLQJ�ZLWK�WKH�XQGHUVWDQGLQJ�WKDW�LW�ZDV�DQRQ\PRXV�
DQG�WKDW�WKH�REWDLQHG�UHVXOWV�ZRXOG�EH�FRQğGHQWLDO�

Methods
Personality Traits
$OO�SDUWLFLSDQWV�ZHUH�WHVWHG�XVLQJ�WKH�1(2�)LYH�)DFWRU�3HUVRQDOLW\�
,QYHQWRU\��1(2�)),��DQG��WKH�6WDWH�7UDLW�$Q[LHW\�,QYHQWRU\��67$,��
TXHVWLRQQDLUHV��7KH�UHVXOWV�RI�WKHVH�ZHUH�ERWK�JLYHQ�RQ�WKH�VWHQbVFDOH�
7KH�1(2�)LYH�)DFWRU�,QYHQWRU\�TXHVWLRQQDLUH�LV�XVHG�WR�GLDJQRVH�

SHUVRQDOLW\�WUDLWV��ZKLFK�DUH�LQFOXGHG�LQ�WKH�ğYH�IDFWRU�PRGHO�GHğQHG�

RI�SDUWLFXODU�SHUVRQDOLW\�WUDLWV�DPRQJ�RWKHUV��7KLV�H[DPSOH�RI�VXFK�
PRGLğFDWLRQ�FRXOG�EH�D�VKRUWDJH�RI�GRSDPLQH�WKDW�UHVXOWV�LQ�VLJQLğ-
FDQWO\�LQĠXHQFLQJ�ĴQRYHOW\�VHHNLQJĵ�EHKDYLRUV�H[SUHVVHG�LQ�WKH�IRUP�
RI�FRQVWDQWO\�VHDUFKLQJ�IRU�QHZ�ĴWKULOOVĵ��7KH�HIIHFW�LV�IXQFWLRQDO�
PRGLğFDWLRQ�RI�GRSDPLQHUJLF�V\VWHPb>�������@��$QRWKHU�IDFWRU�ZKLFK�
H[HUWV�LQĠXHQFH�E\�PRGXODWLQJ�WKH�GRSDPLQHUJLF�SDWKZD\��DQG�FRQ-
VHTXHQWO\�VSRUWLQJ�DFKLHYHPHQW��LV�YLVXDO�SHUFHSWLRQ��ZKLFK�LV�SURE-
DEO\�RQH�RI�WKH�NH\�GHWHUPLQDQWV�LQ�FRPEDW�VSRUWV��'RSDPLQH��ZKLFK�
LV�D�FKHPLFDO�DQDORJXH�RI�OLJKW��DIIHFWV�WKH�SDUDFULQH�QHXURWUDQVPLW-
WHU�LQ�WKH�UHWLQD��ZKHUHDV�UHFHSWRUV�'��DQG�'��RI�SKRWRUHFHSWRU�FHOOV�
FRQWURO�LOOXPLQDWLRQ�UHODWHG�SURFHVVHV��DPRQJ�ZKLFK�PHODWRQLQ�ELR-
V\QWKHVLV��RSVLQ�H[SUHVVLRQ�LQ�FRQH�FHOOV�RU�WKH�OHYHO�RI�F$03�LQVLGH�
UHFHSWRUVb>�@�DUH�LQFOXGHG�
3HUVRQDOLW\�VLJQLğFDQWO\�LQĠXHQFHV�EHKDYLRU��OLIH�VW\OH�DQG�DOVR�WKH�

PDLQWHQDQFH�RI�KHDOWK\�KDELWV�LQ�D�OLIHWLPH��&XUUHQW�UHVHDUFK�FRQFHUQ-
LQJ�SHUVRQDOLW\�FRQFHQWUDWHV�RQ�WKH�PRGHO�WKDW�LV�FRQVWUXFWHG�RI�WKH�
VR�FDOOHG�%LJ�)LYHb>�����������@��ZKLFK�FRQVLVWV�RI��2SHQQHVV��
&RQVFLHQWLRXVQHVV��([WUDYHUVLRQ��$JUHHDEOHQHVV�DQG�1HXURWLFLVP�
GRPDLQV��7KHVH���WUDLWV�LVRODWH�GLIIHUHQFHV�DPRQJ�SHRSOH�ZKLFK�
LQĠXHQFH�HPRWLRQV��PRWLYDWLRQ�DQG�FRJQLWLRQb>��@��&XUUHQWO\��WR�
DQDO\]H�WKHVH�SHUVRQDOLW\�WUDLWV��WKH�1(2�SHUVRQDOLW\�LQYHQWRU\��1(2�
)),��LV�HPSOR\HG�
7KH�KLJK�QRYHOW\�VHHNLQJ�RU�ĲULVN�WDNLQJĳ�SHUVRQDOLW\�WUDLW�ZDV�SUH-

YLRXVO\�FRUUHODWHG�ZLWK�JHQHWLF�YDULDQWV�ZLWKLQ�JHQHV�HQFRGLQJ�GR-
SDPLQH�UHFHSWRUVb>��@��7KHVH�GRSDPLQH�UHFHSWRUV��LQFOXGLQJ�'��DQG�
'��UHFHSWRU�VXEW\SHV��DUH�LQYROYHG�LQ�GRSDPLQH�QHXURWUDQVPLVVLRQ�
DQG�PD\�PRGXODWH�PHPRU\��EHKDYLRXU�DQG�H[HFXWLYH�IXQFWLRQb>��@��
,W�KDV�DOVR�EHHQ�VXJJHVWHG�WKDW�GRSDPLQH�QHXURWUDQVPLVVLRQ�LV�FRQ-
QHFWHG�ZLWK�QRYHOW\�VHHNLQJb>�����@��ZKLFK�LV�GHğQHG�DV�ĴH[FLWHPHQW�
WR�QRYHO�VWLPXOLĵ� LQ� UHODWLRQ�ZLWK�GHSHQGHQFHb >�����@�DQG�UH-
ODSVHb>��@��$OVR��H[WUDYHUVLRQ�LV�D�WUDLW�FRQQHFWHG�ZLWK�WKH�IXQFWLRQ-
LQJ�RI�WKH�GRSDPLQHUJLF�V\VWHP��$V�GXDO�UHVHDUFK�VKRZV��WKH�WUDLWV�
DUH�UHODWHG�ZLWK�JHQHWLFV�LQ�GLIIHUHQW�UDQJHV�ļ�IURP�����WR����b>����
��@��%RWK�QRYHOW\�VHHNLQJ�DQG�H[WUDYHUVLRQ�DUH�FRUUHODWHG�ZLWK�UHFHS-
WRU���RI�WKH�GRSDPLQH�JHQH��DRD4��DV�LQGLFDWHG�LQ�UHVHDUFK�RQ�
KHDOWK\b>��@�DQG�UHVHDUFK�GHSHQGHQWb>��@�VXEMHFWV��+RZHYHU��RWKHU�
UHVHDUFK�GRHV�QRW�VHHP�WR�FRQğUP�WKLV�DVVRFLDWLRQb>��@�
7KH�DRD4�JHQH�HQFRGHV�WKH�GRSDPLQH�'��UHFHSWRU�DQG�LV�H[-

SUHVVHG�LQ�WKH�FRJQLWLYH�DQG�HPRWLRQDO�DUHDV�RI�WKH�OLPELF�V\VWHP�
DQG�LV�ORFDWHG�RQ�FKURPRVRPH�����ORFXV�S�������$�YDULDEOH�QXPEHU�
RI�WDQGHP�UHSHWLWLRQV��9175��ORFDWHG�LQ�WKH��UG�H[RQ�LV�RQH�RI�WKH�
PRVW�IUHTXHQWO\�LQYHVWLJDWHG�SRO\PRUSKLVPV�RI�WKH�JHQH��7R�GDWH��
DVVRFLDWLRQ�KDV�EHHQ�GHPRQVWUDWHG�IRU���RI�WKH����UHSHDWHG���ES�
VHTXHQFH�YDULDQWV��VKRZLQJ�LQĠXHQFH�RQ�OHQJWK�RI�WKH�WKLUG�LQWUDFHO-
OXODU�ORRS�UHFHSWRU�'���,QWHUHVWLQJO\��SRO\PRUSKLF�YDULDQWV�LQĠXHQFH�
WKH�H[SUHVVLRQ�RI�WKHVH�JHQHV�LQ�D�GLIIHUHQW�PDQQHUb>��@��$VJKDULb>��@��
LQ�KLV�ZRUN��LQGLFDWHV�GLYHUVLğHG�VHQVLWLYLW\�LQ�UHODWLRQ�WR�HQGRJHQRXV�
GRSDPLQH�GHSHQGLQJ�RQ�WKH�OHQJWK�RI�WKH�YDULDQW�FRGLQJ�IRU�WKH�
SDUWLFXODU�UHFHSWRU��'RSDPLQH�WUDQVSRUWHU�JHQH�DAT1��ZKLFK�LV�DQ-
RWKHU�NH\�HOHPHQW�RI�WKH�GRSDPLQHUJLF�V\VWHP��LV�ORFDWHG�LQ�FKURPR-
VRPH����S�������7KH�PRVW�IUHTXHQWO\�LQYHVWLJDWHG�YDULDQW�LV�WKH�9175�
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E\�WKH�%LJ�)LYH�PRGHO��QHXURWLFLVP��H[WUDYHUVLRQ��RSHQQHVV��FRQVFL-
HQWLRXVQHVV�DQG�DJUHHDEOHQHVV���7KH�TXHVWLRQQDLUH�FRQVLVWV�RI�
��b VWDWHPHQWV� �RI� VHOI�UHSRUWHG� FKDUDFWHU���ZKLFK� UHTXLUH� WKH�
SDUWLFLSDQW�WR�H[DPLQH�RQHĳV�DWWLWXGH�WRZDUG�RQHĳV�RZQ�VHOI��7KH�

$Q[LHW\�,QYHQWRU\��67$,��TXHVWLRQQDLUH�LV�XVHG�WR�H[DPLQH�DQ[LHW\��
ZKLFK�LV�XQGHUVWRRG�DV�FRQGLWLRQDOO\�DQG�WUDQVLHQWO\�FRQGLWLRQHG�
FRQGLWLRQ�RI�WKH�LQGLYLGXDO�DQG�DQ[LHW\��XQGHUVWRRG�DV�D�UHODWLYHO\�
FRQVWDQW�SHUVRQDOLW\�WUDLW��7KH�67$,�TXHVWLRQQDLUH�FRQVLVWV�RI�WZR�

TABLE 1.�+DUG\�:HLQEHUJĳV�ODZ�IRU�WKH�DWKOHWHV�VXEMHFWV�

+DUG\�:HLQEHUJ�HTXLOLEULXP�FDOFXODWRU�
LQFOXGLQJ�DQDO\VLV�IRU�DVFHUWDLQPHQW�ELDV

Observed 
�([SHFWHG�

Test ɖ2

ɖ2 p

'5'��([�

l/l �������
V�DOOHOH�IUHT� �����
O�DOOHOH�IUHT� �����

���� !����s/l ���������

s/s �����������

TABLE 2.�+DUG\�:HLQEHUJĳV�ODZ�IRU�WKH�FRQWURO�VXEMHFWV�

+DUG\�:HLQEHUJ�HTXLOLEULXP�FDOFXODWRU�
LQFOXGLQJ�DQDO\VLV�IRU�DVFHUWDLQPHQW�ELDV

Observed
�([SHFWHG�

Test ɖ2
ɖ2 p

'5'��([�

s/l ���������
V�DOOHOH�IUHT� ����
O�DOOHOH�IUHT� ����

��� !����s/s ���������

l/l �������

TABLE 3.�)UHTXHQF\�RI�JHQRW\SHV�DQG�DOOHOHV�RI�WKH�DRD4 Ex3�JHQHV�SRO\PRUSKLVPV�LQ�DWKOHWHV�DQG�LQ�FRQWUROV�

*URXS

DRD4 Ex3
Genotypes Alleles

s/l
1���

s/s
1���

l/l
1���

s
1���

l
1���

$WKOHWHV
1 ���

��
������

���
������

�
������

���
������

��
������

Control
1 ���

��
������

��
������

�
������

���
������

��
������

ɖ�
p value

����
����

���
����

S�VWDWLVWLFDO�VLJQLğFDQFH ɖ� test, N- number of subjects

6LJQLğFDQW�EHWZHHQ�JURXS�GLIIHUHQFHV�DUH�PDUNHG�LQ�EROG�SULQW�

TABLE 4.�67$,�DQG�1(2�)LYH�)DFWRU�,QYHQWRU\�UHVXOWV�EHWZHHQ�KHDOWK\�FRQWURO�DQG�DWKOHWHV�

67$,���1(2�)LYH�)DFWRU
,QYHQWRU\���VWHQ�VFDOH�

Athletes
�1� �����

&RQWURO
�1� �����

t
S�YDOXH

&RKHQĳV�G

67$,�67 ����ř����� ����ř���� ���� ���
67$,�& ����ř���� ����ř���� ���� ���
1HXURWLFLVP�VFDOH ����ř���� ����ř���� ���� ���
([WUDYHUVLRQ�VFDOH ����ř���� ����ř���� ���� ���
2SHQQHVV�VFDOH ����ř���� ����ř���� ���� ���
$JUHHDELOLW\�VFDOH ����ř���� ����ř���� ���� ���
&RQVFLHQWLRXVQHVV�VFDOH ����ř���� ����ř���� ���� ���

S�VWDWLVWLFDO�VLJQLğFDQFH�W�6WXGHQWĳV�WHVW��1��QXPEHU�RI�VXEMHFWV

6LJQLğFDQW�EHWZHHQ�JURXS�GLIIHUHQFHV�DUH�PDUNHG�LQ�EROG�SULQW�
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TABLE 5.�'LIIHUHQFHV�LQ�'5'��([��DQG�67$,��1(2�)LYH�)DFWRU�,QYHQWRU\�EHWZHHQ�KHDOWK\�FRQWURO�VXEMHFWV�DQG�DWKOHWHV�

67$,��1(2�
)LYH�)DFWRU
Inventory
�VWHQ�VFDOH�

DRD4 Ex3 0DLQ�(IIHFWV�$129$

Athletes
�1 

 �����

&RQWURO
�1 

 �����

s/l
�1 

 �����

s/s
�1 

 �����

l/l
�1 
 ����

IXOO�PRGHO 0DLQ�(IIHFWV

)��S�YDOXH� �IDFWRU )��S�YDOXH� ઐ2
power
�DOID�

 b�����

67$,�67
����
řb����

����
řb����

����
řb����

����
řb����

����
řb����

)����� ����
S ����
5� ����

LQWHUFHSW
)����� ����
�S �����

.430 1.000

VSRUW�FRQWURO
)����� ������
�S �����

�H�� ����

'5'��([�
)����� ����
�S �����

���� ����

VSRUW�FRQWURO� 
[�'5'��([�

)����� �����
�S �����

����� ����

67$,�&
����
řb����

����
řb����

����
řb����

����
řb����

����
řb����

)����� ����
S ����
5� ����

LQWHUFHSW
)����� ����
�S �����

���� 1.000

VSRUW�FRQWURO
)����� ����
�S �����

���� ����

'5'��([�
)����� ����
�S �����

����� ����

VSRUW�FRQWURO� 
[�'5'��([�

)����� ����
�S �����

����� ����

1(2�)),
1HXURWLFLVP 
�VFDOH

����
řb����

����
řb����

����
řb����

����
řb����

����
řb����

)����� ����
S ����
5� ����

LQWHUFHSW
)����� ����
�S �����

.430 1.000

VSRUW�FRQWURO
)����� ����
�S �����

����� ����

'5'��([�
)����� �����
�S �����

���� ����

VSRUW�FRQWURO� 
[�'5'��([�

)����� �����
�S �����

���� ����

1(2�)),
([WUDYHUVLRQ 
�VFDOH

����
řb����

����
řb����

����
řb����

����
řb����

����
řb����

)����� ����
S ����
5� ����

LQWHUFHSW
)����� ����
�S �����

���� 1.000

VSRUW�FRQWURO
)����� �����
�S �����

���� ����

'5'��([�
)����� �����
�S �����

���� ����

VSRUW�FRQWURO� 
[�'5'��([�

)����� �����
�S �����

����� ����

1(2�)),
2SHQQHVV� 
�VFDOH

����
řb����

����
řb����

����
řb����

����
řb����

����
řb����

)����� ����
S �����
R2 ����

LQWHUFHSW
)����� ����
�S �����

.528 1.000

VSRUW�FRQWURO
)����� �����
�S �������

.052 .981

'5'��([�
)����� �����
�S �����

.025 ����

VSRUW�FRQWURO� 
[�'5'��([�

)����� �����
�S �����

.033 .812

1(2�)),
$JUHHDELOLW\ 
�VFDOH

����
řb����

����
řb����

����
řb����

����
řb����

����
řb����

)����� �����
S ����
5� ����

LQWHUFHSW
)����� ����
�S �����

.548 1.000

VSRUW�FRQWURO
)����� �����
�S �����

������ ����

'5'��([�
)����� �����
�S �����

���� ����

VSRUW�FRQWURO� 
[�'5'��([�

)����� �����
�S �����

���� ����

1(2�)),
&RQVFLHQ-
tiousness/
VFDOH

����
řb����

����
řb����

����
řb����

����
řb����

����
řb����

)����� ����
S �������

R2 ����

LQWHUFHSW
)����� ����
�S �����

���� 1.000

VSRUW�FRQWURO
)����� �����
�S �����

.034 .892

'5'��([�
)����� �����
�S �����

����� ����

VSRUW�FRQWURO� 
[�'5'��([�

)����� �����
�S �����

.027 .733
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LQGHSHQGHQW�VXEVFDOHV��HDFK�RI�ZKLFK�FRQWDLQV����VWDWHPHQWV��RQH�
�;����PHDVXUHV�DQ[LHW\�VWDWH�DQG�WKH�RWKHU��;����PHDVXUHV�DQ�DQ[-
LHW\�WUDLW�

Genetic analyses
)RU�WKH�JHQHWLF�DVVD\V��EORRG�ZDV�FROOHFWHG�LQWR�WXEHV�ZLWK�('7$�
�DQWLFRDJXODQW���'DWD�&ROOHFWLRQ�*HQRPLF�'1$�IURP�SHULSKHUDO�EORRG�
OHXNRF\WHV�ZDV�H[WUDFWHG�XVLQJ�D�+LJK�3XUH�3RO\PHUDVH�&KDLQ�5HDF-
WLRQ��3&5��7HPSODWH�3UHSDUDWLRQ�H[WUDFWLRQ�NLW��5RFKH�'LDJQRVWLFV��
0DQQKHLP��*HUPDQ\���7KH�H[WUDFWLRQ�ZDV�SHUIRUPHG�DFFRUGLQJ�WR�
WKH�PDQXIDFWXUHUĳV�LQVWUXFWLRQV��'1$�VDPSOH�ZHUH�VWRUHG�DW��Ş&�IRU�
IXUWKHU�DQDO\VLV�
7KH�JHQRPLF�'1$�ZDV�LVRODWHG�IURP�YHQRXV�EORRG�DFFRUGLQJ�WR�

VWDQGDUG�SURFHGXUHV��6DPSOHV�ZHUH�JHQRW\SHG�XVLQJ�WKH�3&5�PHWK-
RG��7KH�DRD4�JHQRW\SHV�ZHUH�JURXSHG�EDVHG�RQ�WKH�SUHVHQFH�RI�WKH�
VKRUW���ļ��UHSHDW��DQG�ORQJ���ļ���UHSHDW��YDULDQWV��*HQRW\SLQJ�ZDV�
SHUIRUPHG�XVLQJ�WKH�3&5�9175�PHWKRG��XVLQJ�SULPHUV��)�������*&*�
$&7�$&*�7**�7&7�$&7�&*������5�������$**�$&&�&7&�$7*�*&&�
77*������LQ�WKH�ğQDO�YROXPH�RI����ŝ/�3&5�PL[�SHU�UHDFWLRQ��ZLWK�
O���QJ�JHQRPLF�'1$�����SPRO�RI�SULPHUV�����P0�.&O�����P0�
7ULV+&O������P0�0J&O�������ŝ0�G$73��G&73��G773��G*73�DQG����b8�
RI�WKH�7DJ�SRO\PHUDVH��&RQGLWLRQV�IRU�UHDFWLRQ����PLQ��RI�LQLWLDO�GH-
QDWXUDWLRQ�LQ���Ş&��F\FOLQJ����V��RI�GHQDWXUDWLRQ�LQ���Ş&����PLQ��RI�
SULPHUV�K\EULGL]DWLRQ�LQ���Ş&�DQG����V��RI�HORQJDWLRQ�LQ���Ş&��UH-
SHDWHG�LQ����F\FOHV����PLQ��RI�ğQDO�HORQJDWLRQ�LQ���Ş&��7KH�DPSOLğHG�
SURGXFWV�ZHUH�YLVXDOL]HG�XVLQJ�HWKLGLXP�EURPLGH�VWDLQHG�JHO�HOHF-
WURSKRUHVLV�����DJDURVH��DQG�89�SKRWRJUDSK\��7KH�SURGXFWV�UDQJHG�
IURP�����ES����UHSHDWV��WR���������UHSHDWV���7KH�SURGXFWV�ZHUH�
GLYLGHG�LQWR���JURXSV��VKRUW�DOOHOHV��6���ļ��UHSHDWV��DQG�ORQJ�DO-
OHOHVb�/���ļ���UHSHDWV��

Statistical analysis
&RQFRUGDQFH�EHWZHHQ�WKH�JHQRW\SH�IUHTXHQF\�GLVWULEXWLRQ�DQG�+DU-
G\�:HLQEHUJ�HTXLOLEULXP��+:(��ZDV�WHVWHG�ZLWK�WKH�+:(�VRIWZDUH�
�KWWS���ZZZ�RHJH�RUJ�VRIWZDUH�KZH�PU�FDOF�KWPO�b>��@��DRD4 geno-
W\SH�IUHTXHQFLHV�EHWZHHQ�FRQWURO�VXEMHFWV�DQG�FDVHV�ZHUH�WHVWHG�
XVLQJ�&KL�VTXDUH�WHVW��7KH�UHODWLRQVKLS�EHWZHHQ�'5'��YDULDQW��JURXS�
DVVLJQPHQW��HOLWH�DWKOHWHV�YV�FRQWUROV��DQG�1(2�)LYH�)DFWRU�,QYHQ-
WRU\��1(2�)),��RU�67$,�VWHQ�VFRUHV�ZHUH�DQDO\]HG�XVLQJ���[���IDFWR-
ULDO�$129$��7KH�7XNH\�+6'�SRVW�KRF�WHVWV�ZHUH�FRQGXFWHG�WR�GH-
WHUPLQH�LI�WKH�LQWHUDFWLRQ�WHUP�ZDV�VLJQLğFDQW��$OO�FRPSXWDWLRQV�ZHUH�
SHUIRUPHG�XVLQJ�67$7,67,&$�����7LEFR�6RIWZDUH�,QF��3DOR�$OWR��&$��
86$��IRU�:LQGRZV��0LFURVRIW�&RUSRUDWLRQ��5HGPRQG��:$��86$��

5(68/76�
7KH�REVHUYHG�DRD4�([��9175�SRO\PRUSKLVP�IUHTXHQFLHV�GLG�QRW�
GLIIHU�IURP�H[SHFWDWLRQV�EDVHG�RQ�+DUG\�:HLQEHUJ�WKHRUHP��QHLWKHU�
LQ�WKH�HOLWH�DWKOHWHV��7DEOH����S ��������QRU�LQ�WKH�FRQWURO�JURXS�
�7DEOH����S ��������7KHUH�ZHUH�QR�VLJQLğFDQW�GLIIHUHQFHV�EHWZHHQ�
FDVHV�DQG�FRQWUROV�ZLWK�UHVSHFW�WR�JHQRW\SHV��S �������DQG�DOOHOHV�
�S ��������7DEOH����
7KH�UHVXOWV�RI��[��IDFWRULDO�$129$�RI�WKH�1(2�)LYH�)DFWRU�3HU-

VRQDOLW\�,QYHQWRU\��1(2�)),��DQG�WKH�6WDWH�7UDLW�$Q[LHW\�,QYHQWRU\�
�67$,��VWHQ�VFDOHV�DUH�VXPPDUL]HG�LQ�7DEOH����:H�IRXQG�D�VLJQLğFDQW�
UHVXOW�ZKHQ� FRPSDULQJ� JURXSV� �HOLWH� DWKOHWHV� YV� FRQWUROV�� IRU� 
2SHQQHVV��)����� ������S ���������DQG�&RQVFLHQWLRXVQHVV�
�)����� ������S ��������DFFRXQWLQJ� IRU������DQG������RI� 
YDULDQFH�� UHVSHFWLYHO\�� ,Q�DGGLWLRQ� WR� WKRVH� ILQGLQJV��ZH� IRXQG� 
JURXS�[�DRD4� JHQRW\SH� LQWHUDFWLRQV�� IRU�2SHQQHVV� �)LJXUH����
)����� ������ S ������� DQG� &RQVFLHQWLRXVQHVV� �)LJXUH� ���
)����� ������S �������UHVSRQVLEOH�IRU������DQG������SKHQR-
W\SLF�YDULDWLRQ��UHVSHFWLYHO\��3RVW�KRF�DQDO\VLV�LV�VKRZQ�LQ�7DEOH���

),*�����7KH�JURXS��HOLWH�DWKOHWHV�YV�KHDOWK\�FRQWUROV��[�DRD4�([��
SRO\PRUSKLVP�LQWHUDFWLRQ�IRU�WKH�1(2�)LYH�)DFWRU�,QYHQWRU\�VFDOH�
RI�2SHQQHVV�

),*�����7KH�JURXS��HOLWH�DWKOHWHV�YV�KHDOWK\�FRQWUROV��[�DRD4�([��
SRO\PRUSKLVP�LQWHUDFWLRQ�IRU�WKH�1(2�)LYH�)DFWRU�,QYHQWRU\�VFDOH�
RI�&RQVFLHQWLRXVQHVV�
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ZDV�VLJQLğFDQWO\�KLJKHU�LQ�WKH�DWKOHWHV�FRPSDUHG�ZLWK�FRQWURO�LQGL-
YLGXDOV��\HW�WKH�GLIIHUHQFH�ZDV�HYLGHQW�RQO\�LQ�FDUULHUV�RI�WKH�6�6�
JHQRW\SH��,W�LV�QRW�FOHDU�ZKHWKHU�WKLV�LV�RQO\�D�VWDWLVWLFDO�SKHQRPHQRQ�
RU�D�UHĠHFWLRQ�RI�WUXH�ELRORJLFDO�LQWHUDFWLRQ��7KH�UHODWLRQVKLS�EHWZHHQ�
SHUVRQDOLW\�DQG�H[HUFLVH�FDSDFLW\�KDV�ORQJ�EHHQ�RI�LQWHUHVW�WR�VSRUW�
SV\FKRORJLVWVb>��@��(OLWH�DWKOHWHV�FRPSHWLQJ�DW�WKH�QDWLRQDO�DQG�LQ-
WHUQDWLRQDO�OHYHO�ZHUH�IRXQG�WR�KDYH�ORZHU�OHYHOV�RI�QHXURWLFLVP�WKDQ�
QRQ�HOLWH�DWKOHWHV��ZKHUHDV�WKH�OHYHO�RI�FRQVFLHQWLRXVQHVV�DQG�DJUHH-
DEOHQHVV�ZDV�KLJKHUb>��@��,Q�DQRWKHU�VWXG\��DWKOHWHV�VFRUHG�KLJKHU�
WKDQ�QRQ�DWKOHWHV�IRU�FRQVFLHQWLRXVQHVV��EXW�RWKHU�SHUVRQDOLW\�WUDLWV�
GLG�QRW�GLIIHU�VLJQLğFDQWO\�EHWZHHQ�WKH�JURXSVb>��@.�7KXV��DOWKRXJK�
RXU�VWXG\�LV�VLPLODU�WR�SUHYLRXV�VWXGLHV�ZLWK�UHVSHFW�WR�WKH�DVVRFLDWLRQ�
EHWZHHQ�&RQVFLHQWLRXVQHVV�DQG�HOLWH�VWDWXV��LW�LV�QRW�FOHDU�ZKHWKHU�
WKH�6�DOOHOH��OLQNHG�WR�KLJKHU�VFRUHV�RI�&RQVFLHQWLRXVQHVVb>��@��SOD\V�
DQ\�UROH�LQ�WKH�REVHUYHG�LQWHUDFWLRQ�SDWWHUQ�
6WXGLHV�LQYHVWLJDWLQJ�WKH�DRD4�YDULDQWV�ZLWK�UHVSHFW�WR�SHUVRQDO-

LW\�GLPHQVLRQV�LQ�D�VSHFLDOL]HG�FRKRUW�RI�DWKOHWHV�DUH�VFDQWb>��������@��
,Q�������7KRPVRQ�HW�DO�b>��@ UHSRUWHG�D�VLJQLğFDQW�DVVRFLDWLRQ�
EHWZHHQ�WKH������&�7��UV���������SRO\PRUSKLVP�LQ�WKH�SURPRWHU�
region of the DRD4�DQG�VSRUW�VSHFLğF�VHQVDWLRQ�VHHNLQJ�LQ�D�KLJK�ULVN�
VSRUW�SRSXODWLRQ��VNLHUV�DQG�VQRZERDUGHUV���,QWHUHVWLQJO\��DQRWKHU�
VWXG\�E\�WKH�VDPH�DXWKRUV��LQ�ZKLFK�ğYH�SRO\PRUSKLVPV�ZHUH�LQYHV-
WLJDWHG�������7�&������7�&������*�$������&�7������ES�GXSOLFD-
WLRQ��LQ�WKH�SURPRWHU�UHJLRQ�RI�WKH�DRD4�LQ�D�FRKRUW�RI�VNLHUV�DQG�
VQRZERDUGHUV��IDLOHG�WR�UHSURGXFH�WKH�SUHYLRXV�ğQGLQJ�RI�DVVRFLDWLRQ�
EHWZHHQ�WKH�DRD4�DQG�VHQVDWLRQ�VHHNLQJb>��@��,Q�D�UHFHQW�VWXG\��
$EUDKDPV�HW�DO�b>��@�LQYHVWLJDWHG�DVVRFLDWLRQV�RI�DRD2bDQGbDRD4bJHQ-
RW\SHV�ZLWK�FRQFXVVLRQ�VXVFHSWLELOLW\�DQG�SHUVRQDOLW\�LQ�UXJE\�SOD\-
HUV���7KH�DXWKRUV�IRXQG�WKH�DVVRFLDWLRQ�EHWZHHQ�WKH������&�7�DRD4 
YDULDQW�DQG�FRQFXVVLRQ�VXVFHSWLELOLW\�DV�ZHOO�DV�VRFLDOO\�GHWDFKHG�
EHKDYLRXU�

&21&/86,216�
(QJDJLQJ�LQ�KLJK�ULVN�VSRUW��H�J��VQRZERDUGLQJ��SDUDFKXWLQJ��PDUWLDO�
DUWV��PD\�EH�DVVRFLDWHG�ZLWK�VHYHUDO�SHUVRQDOLW\�FKDUDFWHULVWLFV��,Q�
WKH�SUHVHQW�VWXG\��ZH�IRXQG�DQ�LQWHUDFWLRQ�EHWZHHQ�WKH�GRSDPLQH�
'��UHFHSWRU�JHQH�9175�SRO\PRUSKLVP�DQG�DWKOHWLF�VWDWXV�LQ�WZR�
PDMRU�1(2�)),�IDFWRUV��2SHQQHVV�DQG�&RQVFLHQWLRXVQHVV��7KH�DRD4 
H[RQ���SRO\PRUSKLVP�PD\�EH�DVVRFLDWHG�ZLWK�WKH�1(2�2SHQQHVV�
DQG�&RQVFLHQWLRXVQHVV�GRPDLQV�LQ�PDUWLDO�DUWV�DWKOHWHV��WKHUHE\�
PRGXODWLQJ�DWKOHWHVĳ�SUHGLVSRVLWLRQ�WR�SDUWLFLSDWH�LQ�KLJK�ULVN�VSRUW��
$V�D�PDMRULW\�RI�SHUVRQDOLW\�WUDLWV�KDYH�EHHQ�OLQNHG�WR�JHQHWLF�IDFWRUV��
EHKDYLRUDO�JHQHWLF�VWXGLHV�DQG�SHUVRQDOLW\�JHQHWLFV�UHSUHVHQW�D�QHZ�
SURPLVLQJ�DUHD�RI�UHVHDUFK�DLPHG�DW�REWDLQLQJ�D�EHWWHU�XQGHUVWDQGLQJ�
RI�DWKOHWLF�PRWLYDWLRQ�DQG�EHKDYLRU�

$FNQRZOHGJPHQWV
7KH�VWXG\�ZDV�VXSSRUWHG�E\�1DWLRQDO�6FLHQFH�&HQWUH�RI�3RODQG��1R��
802���������%�1=��������

DISCUSSION 
,Q� WKH�SUHVHQW� VWXG\��ZH�GHPRQVWUDWHG�HOLWH� VWDWXV� LQ�FRPEDW�
VSRUWVb[bDRD4�JHQRW\SH�LQWHUDFWLRQV�LQ�WZR�GRPDLQV�RI�WKH�ğYH�
IDFWRU�PRGHO�RI�SHUVRQDOLW\��2SHQQHVV�DQG�&RQVFLHQWLRXVQHVV��6SH-
FLğFDOO\��2SHQQHVV�GLIIHUHG�EHWZHHQ�DDR4�([��9175�JHQRW\SHV��
EXW�RQO\�LQ�WKH�HOLWH�DWKOHWHV������ř�����YV�����ř������IRU�WKH�/�/�
DQG�6�/�JHQRW\SH��UHVSHFWLYHO\��S ��������ZKHUHDV�&RQVFLHQWLRXV-
QHVV��DOWKRXJK�QRW�VWDWLVWLFDOO\�GLIIHUHQW�EHWZHHQ�DRD4�JHQRW\SHV�
LQ�ERWK�HOLWH�DWKOHWHV�DQG�KHDOWK\�FRQWUROV��ZDV�VLJQLğFDQWO\�KLJKHU�
LQ�WKH�HOLWH�DWKOHWHV�FRPSDUHG�ZLWK�FRQWUROV��HVSHFLDOO\�LQ�WKH�6�6�
KRPR]\JRWHV������ř�����YV�����ř������S ���������
,Q�������WZR�LQGHSHQGHQW�SDSHUV�VKRZHG�DQ�DVVRFLDWLRQ�EHWZHHQ�

GRSDPLQHUJLFDOO\�PRGXODWHG�SHUVRQDOLW\�WUDLW�QRYHOW\�VHHNLQJ�DQG�WKH�
DRD4�JHQHb>�����@.�7KH�KLJKHU�VFRUHV�RI�QRYHOW\�VHHNLQJ�DVVHVVHG�
E\�7ULGLPHQVLRQDO�3HUVRQDOLW\�4XHVWLRQQDLUH�ZHUH�IRXQG�LQ�FDUULHUV�
RI�WKH���UHSHDW�DOOHOH�DQG�WKRVH�ğQGLQJV�ZHUH�VXEVHTXHQWO\�FRQğUPHG�
E\�RWKHUVb>�����@��,QWHUHVWLQJO\��LQ�WKH�SUHVHQW�VWXG\��ZH�IRXQG�WKDW�
WKH�HOLWH�FRPEDW�DWKOHWHV�KRPR]\JRXV�IRU�WKH�/�DOOHOH��GHğQHG�DV�WKH�
�����UHSHDWV�RI�D����ES�VHJPHQW��KDG�VLJQLğFDQWO\�ORZHU�2SHQQHVV�
VFRUHV�FRPSDUHG�ZLWK�6�/�KHWHUR]\JRWHV��,W�LV�GLIğFXOW�WR�FRPSDUH�
RXU�ğQGLQJV�ZLWK�SUHYLRXV�REVHUYDWLRQV��DV�ZH�GLG�QRW�DVVHVV�WKH�
QRYHOW\�VHHNLQJ��QRU�GLG�ZH�SUHGLFW�LW�E\�PHDQV�RI�FRUUHODWLRQ��PXO-
WLSOH�UHJUHVVLRQ�PRGHOV��EHWZHHQ�QRYHOW\�VHHNLQJ�DQG�1(2�)),b>��@��
+RZHYHU��JLYHQ�WKH�OLQN�EHWZHHQ�QRYHOW\�VHHNLQJ�DQG�RSHQQHVV�WR�
H[SHULHQFH��DQG�H[WUDYHUVLRQ�b>��@��RXU�UHVXOWV�PD\�VHHP�FRQWUDGLF-
WRU\�WR�SUHYLRXV�ğQGLQJV�WKDW�VXJJHVW�DQ�DVVRFLDWLRQ�EHWZHHQ�QRY-
HOW\�VHHNLQJ�DQG�WKH�ORQJ�DOOHOH�RI�WKH�DRD4�9175b>��������@��2Q�
WKH�RWKHU�KDQG��WKH�FRUUHODWLRQ�EHWZHHQ�QRYHOW\�VHHNLQJ�DQG�1(2�(),�
RSHQQHVV�GRPDLQ�PD\�QRW�EH�VWUDLJKWIRUZDUG��$FFRUGLQJ�WR�*RFïRZVND�
et al.b>��@��ĵERWK�RSHQQHVV�DQG�H[WUDYHUVLRQ�DUH�OLQNHG�WR�QRYHOW\�LQ�
D�XQLTXH�ZD\��ZLWK�HDFK�RI�WKH�RWKHU�WUDLWV�H[SODLQLQJ�D�VRPHZKDW�
GLIIHUHQW�SRUWLRQ�RI�YDULDQFH�LQ�QRYHOW\�VHHNLQJ�EHKDYLRUĵ��$OVR��PDQ\�
UHFHQW�VWXGLHV�KDYH�QRW�IRXQG�DQ\�DVVRFLDWLRQV�EHWZHHQ�WKH�DRD4 
H[RQ���SRO\PRUSKLVP�DQG�QRYHOW\�VHHNLQJ�RU�H[WUDYHUVLRQb>�����@. 
$�UHFHQW�PHWD�DQDO\VLV�RI�VWXGLHV�RI�WKH�DVVRFLDWLRQ�EHWZHHQ�WKH�
DRD4�9175�DQG�DRD4�SURPRWHU�SRO\PRUSKLVP�������&�7��DQG�
VHYHUDO�DSSURDFK�UHODWHG�WUDLWV�LQFOXGLQJ�QRYHOW\�VHHNLQJ��H[WUDYHUVLRQ�
DQG�LPSXOVLYLW\�UHYHDOHG�WKDW�RQO\�D�SURPRWHU�YDULDQW�PD\�EH�DVVRFL-
DWHG�ZLWK�QRYHOW\�VHHNLQJ�DQG�LPSXOVLYLW\b>��@��0RUHRYHU��LQ�D�JH-
QRPHZLGH�DVVRFLDWLRQ�VWXG\�RI�WKH�))0�RI�SHUVRQDOLW\�WUDLWV�LQ�\RXQJ�
.RUHDQ�ZRPHQ��QRQH�RI�WKH�1(2�)),�PDMRU�IDFWRUV�ZHUH�DVVRFLDWHG�
ZLWK�WKH�DRD4�JHQHb>��@��%HQMDPLQ�HW�DO�b>��@�UHSRUWHG�WKDW�WKH�
SUHVHQFH�RI�WKH���UHSHDW�DOOHOH�ZDV�DOVR�DVVRFLDWHG�ZLWK�ORZHU�1(2�
&RQVFLHQWLRXVQHVV�VFRUHV��+RZHYHU��VXEVHTXHQW�VWXGLHV�IDLOHG�WR�
FRQğUP�WKLV�LQLWLDO�ğQGLQJb>�����@��0RUHRYHU� 3DWHUVRQ�HW�DO�b>��@�
SRLQWHG�RXW�VRPH�PHWKRGRORJLFDO�ĠDZV�LQ�WKH�RULJLQDO�DVVRFLDWLRQ�
VWXGLHV��,Q�WKH�SUHVHQW�VWXG\�ZH�GLG�QRW�ğQG�DQ\�DRD4�9175�JHQR-
W\SH�GHSHQGHQW�GLIHUHQFHV�LQ�1(2�&RQVFLHQWLRXVQHVV�VFRUHV�LQ�WKH�
HOLWH�DWKOHWHV�RU�FRQWURO�LQGLYLGXDOV��+RZHYHU��WKLV�SHUVRQDOLW\�GRPDLQ�
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0F*HDU\�-(��.QRSLN�96��0DGGR[�:7�� 
$�IURQWDO�GRSDPLQH�V\VWHP�IRU�UHĠHFWLYH�
H[SORUDWRU\�EHKDYLRU��1HXURELRO�/HDUQ�
0HP������������������

��� ,VPDHO�)��%DOWLHUL�'$��5ROH�RI�SHUVRQDOLW\�
WUDLWV�LQ�FRFDLQH�FUDYLQJ�WKURXJKRXW�DQ�
RXWSDWLHQW�SV\FKRVRFLDO�WUHDWPHQW�
SURJUDP��5HY�%UDV�3VLTXLDWU��
����������ļ����

��� +RUQRZVND�(��7HPSHUDPHQWDOQH�
XZDUXQNRZDQLD�]DFKRZDQLD��%DGDQLH�]�
Z\NRU]\VWDQLHP�NZHVWLRQDULXV]D�7&,�
5�&��&ORQLQJHUD��3R]QDñ��%RJXFNL�
:\GDZQLFWZR�1DXNRZH�������>LQ�
3ROLVK@��

��� +X�<��/LX�;��4LDR�'��,QFUHDVHG�
H[WUDFHOOXODU�GRSDPLQH�DQG�
��K\GUR[\WU\SWDPLQH�OHYHOV�FRQWULEXWH�WR�
HQKDQFHG�VXEWKDODPLF�QXFOHXV�QHXUDO�
DFWLYLW\�GXULQJ�H[KDXVWLQJ�H[HUFLVH�� 
%LRO�6SRUW�����������������
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