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EHUEDJDL�GDHUDK�FXNXS�WLQJJL��,GHQWLILNDVL�YDULHWDV�NHGHODL�VHFDUD�DNXUDW�GLSHUOXNDQ�XQWXN�PHQHQWXNDQ�LGHQWLWDV�
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��������GDQ� LQGHN�NHUDJDPDQ�JHQHWLN� ��������FXNXS� WLQJJL� VHEDJDL� UHIOHNVL� VDQJDW�EHUDJDPQ\D�YDULHWDV� ORNDO�
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.HGHODL��*O\FLQH�PD[�/���PHUXSDNDQ�NRPRGLWDV�

SDQJDQ� QDVLRQDO� \DQJ� PHQHPSDWL� SRVLVL� NHWLJD�

VHWHODK� SDGL� GDQ� MDJXQJ�� ,QGRQHVLD� GHQJDQ�ZLOD\DK�

\DQJ� OXDV� GDQ� NRQGLVL� HNR-JHRJUDIL� \DQJ�EHUYDULDVL�

-XUQDO�%LRORJL�,QGRQHVLD�����������-����������� 

��� 

WHODK�PHQGXNXQJ�WLQJJLQ\D�NHDQHNDUDJDPDQ�SODVPD�

QXWIDK��WHUPDVXN�NHGHODL��1DPXQ�GHPLNLDQ�PHQXUXW�

6XPDUQR� ������� NHUDJDPDQ� JHQHWLN� NHGHODL� UHODWLI�

UHQGDK�GLNDUHQDNDQ��DGDQ\D�SHQJDUXK�VHOHNVL�DODPL�

GDQ�DGDSWDVL��.ROHNVL�SODVPD�QXWIDK�NHGHODL�PHOLSXWL�

YDULHWDV� XQJJXO� KDVLO� SHUVLODQJDQ�� JDOXU-JDOXU� KDVLO�



���� 

/HVWDUL�GNN� 

VHSHUWL� UDQGRP� DPSOLILHG� SRO\PRUSKLVP� '1$�

�5$3'�� �3DQ� HW� DO�� ������� VHTXHQFH� WDJJHG�

PLFURVDWHOOLWH� �6706�� GDQ� VLPSOH� VHTXHQFH� UHSHDW�

�665�� �3DQ� HW� DO�� ������� 9DULDVL� VLQJOH� QXFOHRWLGH�

SRO\PRUSKLVP� �613�� EHUGDVDUNDQ� VHNXHQVLQJ� MXJD�

WHODK� VHULQJ� GLJXQDNDQ� NDUHQD� NHPXGDKDQ� DSOLNDVL�

VHFDUD� KLJK� WKURXJKSXW� �6LOYD� 	� %UHVVLDQL� �������

6LGLN� MDUL� VHFDUD� HILVLHQ� MXJD� WHODK� GLSHUROHK�

PHQJJXQDNDQ� SODWIRUP� VHNXHQVLQJ� WDUJHW� GHQJDQ�

KLJK�WKURXJKSXW��0RQGHQ�HW�DO�������� 

0DUND� 665� OHELK� VHULQJ� GLJXQDNDQ� GDODP�

DQDOLVLV�VLGLN�MDUL�'1$�NDUHQD�WLQJNDW�SROLPRUILVPH�

GDQ� UHSURGXVLELOLWDVQ\D� WLQJJL�� OHYHO� NHDKOLDQ� \DQJ�

GLSHUOXNDQ� PHGLXP� VDPSDL� WLQJJL� GDQ� GDSDW�

GLRWRPDWLVDVL��0DUND�665�WHODK�EDQ\DN�GLJXQDNDQ�GL�

EHUEDJDL�VSHVLHV�WDQDPDQ�VHSHUWL�MDJXQJ��6KDURSRYD�

HW�DO���������SDGL��=KX�HW�DO��������GDQ�WHEX��+DPHHG�

HW� DO�� ������� $QDOLVLV� VLGLN� MDUL� '1$� GHQJDQ� 665�

SDGD� SODVPD� QXWIDK� NHGHODL� WHODK� GLODNXNDQ� XQWXN�

EHUEDJDL�WXMXDQ�WHUXWDPD�JHQHWLND�PROHNXOHU��VHSHUWL�

LGHQWLILNDVL�SODVPD�QXWIDK�NHGHODL�GDUL�NROHNVL�86'$�

�5RQJZHQ� HW� DO�� ������� EHUGDVDUNDQ� VHQVLWLYLWDV�

IRWRSHULRGH� �6LQJK� HW� DO�� ������� LGHQWLILNDVL� NHGHODL�

7KDLODQG� �7DQWDVDZDW� HW� DO�� ������ GDQ� NXOWLYDU�

NHGHODL�GDUL�15&��,QGLD��*KRVK�HW�DO���������� 

6DPSDL� VDDW� LQL� WHNQRORJL� VLGLN� MDUL� '1$� LQL�

PHPDQJ� VXGDK� GLPDQIDDWNDQ� GDODP� PHQLQJNDWNDQ�

PDQIDDW� VXPEHUGD\D� JHQHWLN� NHGHODL� ,QGRQHVLD�

QDPXQ�PDVLK�FHQGHUXQJ�NH�DUDK�SHPXOLDDQ��$QDOLVLV�

VLGLN� MDUL� '1$� SDGD� NROHNVL� SODVPD� QXIDK� NHGHODL�

PDVLK� GLWXMXNDQ� XQWXN� PHQJHWDKXL� NHUDJDPDQ�

JHQHWLN�GDQ�LGHQWLILNDVL�YDULHWDV�NHGHODL�VHFDUD�XPXP�

�6DQWRVR� HW� DO�� ������ &KDHUDQL� HW� DO�� �������

3HPEXDWDQ� LGHQWLWDV�SHQFLUL� VSHVLILN� YDULHWDV�DNVHVL�

ORNDO�PHQJJXQDNDQ�VLGLN�MDUL�'1$�GLKDUDSNDQ�GDSDW�

PHPEHUL� SHUOLQGXQJDQ� YDULHWDV� ORNDO� GDQ�

PHPEHGDNDQ�EHUEDJDL�YDULHWDV�\DQJ�PHPLOLNL�QDPD�

VDPD� QDPXQ� EHUDVDO� GDUL� GDHUDK� EHUEHGD� DWDXSXQ�

GXSOLNDVL� VHODPD� SHQJHORODDQ� SODVPD� QXWIDK��

0HQJLQJDW�PDUND�\DQJ�PHQJKDVLONDQ�SURILO�VLGLN�MDUL�

'1$�GDUL�VHEDJLDQ�EHVDU�YDULHWDV�NHGHODL�EHOXP�DGD��

PDND� VHW� PDUNDQ\D� SHUOX� GLNHPEDQJNDQ� XQWXN�

PHQJLGHQWLILNDVL�YDULHWDV�VHFDUD�HILVLHQ��%HUGDVDUNDQ�

SHUWLPEDQJDQ�WHUVHEXW�GL�DWDV��SHQHOLWLDQ�LQL�EHUWXMXDQ�

XQWXN� LGHQWLILNDVL� YDULHWDV� ORNDO� NHGHODL� GHQJDQ�

VLVWHP� GLJLWDO� PHQJJXQDNDQ� VHW� PDUND� PROHNXOHU�

665�\DQJ�GLNHPEDQJNDQ�� 

 

SHUVLODQJDQ� GDQ� PXWDVL�� NHGHODL� LQWURGXNVL� GDQ�

YDULHWDV� ORNDO� \DQJ� EHUDVDO� GDUL� EHUEDJDL� GDHUDK� GL�

,QGRQHVLD��9DULHWDV� ORNDO� \DQJ� WHUVHEDU� GL� EHUEDJDL�

GDHUDK� GL� ,QGRQHVLD� WHUVHEXW�� EHEHUDSD� GLDQWDUDQ\D�

VSHVLILN� KDQ\D�GLEXGLGD\DNDQ�GDQ�SRSXOHU�GL�GDHUDK�
WHUWHQWX� GDQ� EHUSRWHQVL� PHQMDGL� YDULHWDV� XQJJXO�

PHODOXL� SURJUDP� SHPXOLDDQ� DWDXSXQ� HYDOXDVL�

�&DK\DULQL�HW�DO��������� 

9DULHWDV� ORNDO� NHGHODL� WHODK� EDQ\DN� GLNROHNVL�

GDQ�GLEHUL�QRPRU�UHJLVWUDVL�GL�EDQN�JHQ��VHSHUWL�%DODL�

%HVDU� 3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� %LRWHNQRORJL�

GDQ� 6XPEHU�'D\D�*HQHWLN� 3HUWDQLDQ� �%%�%LRJHQ���

GDQ� %DODL� 3HQHOLWLDQ� .DFDQJ-.DFDQJDQ� GDQ� 8PEL-

8PELDQ� �%DOLWNDEL��GL�EDZDK�%DGDQ�3HQHOLWLDQ�GDQ�

3HQJHPEDQJDQ� 3HUWDQLDQ� �%DOLWEDQJWDQ��� 3ODVPD�

QXWIDK�YDULHWDV�ORNDO�NHGHODL�\DQJ�WHUVHEDU�GL�EHUEDJDL�

GDHUDK� SHUOX� GLNRQVHUYDVL� GDQ� GLSUHVHUYDVL�� 9DULDVL�

SODVPD� QXWIDK� NHGHODL� ORNDO� MXJD� PHPEHULNDQ�

SHOXDQJ�XQWXN�GLPDQIDDWNDQ�VHFDUD�RSWLPDO� VHEDJDL�

PDWHUL� SHPXOLDDQ�� .DUHQD� SRWHQVLQ\D� \DQJ� WLQJJL��

NROHNVL� YDULHWDV� ORNDO� SHUOX� GLOLQGXQJL� EHUGDVDUNDQ�

LGHQWLWDV� JHQHWLNQ\D�� 3HUOLQGXQJDQ� YDULHWDV�

EHUGDVDUNDQ� DVDO� GDHUDK� DNDQ� EHULPSOLNDVL� EDKZD�

NXDOLWDV� GDQ�DWDX� NDUDNWHU� VSHVLILN� \DQJ� GLPLOLNL�

DGDODK� SHQWLQJ� WHUNDLW� SHQHOXVXUDQ� DVDO-XVXOQ\D�

�&RPPLVVLRQ� RI� WKH� (XURSHDQ� &RPPXQLWLHV� ������

3URKHQV�HW�DO�������� 

.HUDJDPDQ� NDUDNWHU� PRUIRORJL� YDULHWDV� ORNDO�

NHGHODL� GL� ,QGRQHVLD� PHUXSDNDQ� VXPEHU� SRWHQVLDO�

VHEDJDL�PDWHUL� SHUVLODQJDQ� DWDXSXQ� YDULHWDV� XQJJXO�

\DQJ� VSHVLILN� GL� GDHUDK� DVDO�� 6HFDUD� NRQYHQVLRQDO��

GHVNULSWRU� PRUIRORJL� VHFDUD� UXWLQ� GLJXQDNDQ� XQWXN�

PHQJLGHQWLILNDVL� YDULHWDV�� 1DPXQ� GHVNULSWRU�

PRUIRORJL�EDQ\DN�GLSHQJDUXKL�OLQJNXQJDQ�NKXVXVQ\D�

SDGD� HNVSUHVL� NDUDNWHU�� LQWHUDNVL� HSLVWDVLV�� HIHN�

SOHLRWURIL� GDQ� ODLQQ\D�� 'HVNULSWRU� WHUVHEXW� EHOXP�

PHPDGDL� SDGD� MXPODK� SODVPD� QXWIDK� \DQJ� PDNLQ�

EDQ\DN� VHKLQJJD� PHPHUOXNDQ� NROHNVL� UXMXNDQ�

YDULHWDV� \DQJ� PHPDNVD� KDUXV� PHQFDUL� DOWHUQDWLI��

0HQJLQJDW� SHUEHGDDQ� JHQHWLN� DQWDUD� LQGLYLGX�

GLGDVDUNDQ�SDGD�YDULDVL�VHNXHQ�'1$�JHQRP��PDND�

PHWRGH� LGHQWLILNDVL� YDULHWDV� WDQDPDQ� WHUPDVXN�

NHGHODL� GDSDW�PHODOXL� SHUEDQGLQJDQ� SURILO� VLGLN� MDUL�

'1$��+HFNHQEHUJHU�HW�DO��������6DDG�������� 

7HUPLQRORJL� VLGLN� MDUL� '1$� \DQJ� GLWHPXNDQ�

VHEHOXPQ\D� �-HIIUH\V�HW�DO��������DGDODK�XQLN�SDGD�

WLDS� LQGLYLGX� VHKLQJJD� GDSDW� GLJXQDNDQ� XQWXN�

LGHQWLILNDVL� LQGLYLGX� VHFDUD� VSHVLILN� �+HQU\� �������

%DQ\DN� MHQLV�PDUND�PROHNXOHU� GHQJDQ� WHNQLN�3&5�

\DQJ� GLPDQIDDWNDQ� XQWXN� DQDOLVLV� VLGLN� MDUL� '1$�
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7RWDO����YDULHWDV�ORNDO�NHGHODL�\DQJ�EHUDVDO�GDUL�

EHUEDJDL�GDHUDK�GL�,QGRQHVLD�GLJXQDNDQ�GDODP�VWXGL�

LQL��.H-��� YDULHWDV� WHUVHEXW� WHUGLUL� GDUL� GXD� YDULHWDV�

GDUL�6XPDWHUD�%DUDW��VDWX�GDUL�/DPSXQJ��HPSDW�GDUL�

-DZD� %DUDW�� WLJD� GDUL� -DZD� WHQJDK�� ��� GDUL� -DZD�

7LPXU�� VDWX� GDUL� .DOLPDQWDQ� 7LPXU�� VDWX� GDUL�

6XODZHVL� 6HODWDQ�� WLJD� GDUL� %DOL�� VDWX� GDUL� 1XVD�

7HQJJDUD� %DUDW� GDQ� WLJD� WLGDN� GLNHWDKXL� DVDO�

GDHUDKQ\D�� 6HPXD� YDULHWDV� WHUVHEXW� PHUXSDNDQ�

NROHNVL�EDQN�JHQ�%%�%LRJHQ-%DOLWEDQJWDQ�� 

6HPXD�LQGLYLGX�WDQDPDQ�GLWDQDP�GL�SROLEDJ�GL�

UXPDK� NDFD� VDPSDL� XPXU� VHNLWDU� VDWX� EXODQ� GDQ�

GLNROHNVL�GDXQQ\D�\DQJ�VHKDW�GDQ�PXGD��'DXQ�GDSDW�

GLVLPSDQ�GL�-��R&�VDPSDL�GLJXQDNDQ��'DXQ�GLJHUXV�

VDPSDL� PHQMDGL� EXEXN� KDOXV� GHQJDQ� EDQWXDQ�

QLWURJHQ�FDLU�GL�DWDV�SDVWOH�GDQ�PRUWDU��'1$�GLLVRODVL�

GHQJDQ� PHWRGH� F\W\OPHWK\ODPPRQLXP� EURPLGH�

�&7$%�� VHVXDL� SURWRNRO� �.HLP� HW� DO�� ������� '1$�

WRWDO� \DQJ�GLLVRODVL� GLODUXWNDQ�GDODP�EXIIHU�7(�GDQ�

GLWHQWXNDQ� NRQVHQWUDVL� GDQ� NHPXUQLDQQQ\D�

PHQJJXQDNDQ� 1DQR'URS� VSHNWURIRWRPHWHU� GDQ�

HOHNWURIRUHVLV� ���-��� JHO� DJDURVD�� 6HWHODK� VWDLQLQJ�

'1$� GDODP� HWKLGLXP� EURPLGH�� YLVXDOLVDVL� '1$�

GLODNXNDQ�GHQJDQ�&KHPLGRF�;56��%LR-5DG�� 

6HPELODQ�GDUL����PDUND�665�\DQJ�PHPSXQ\DL�

QLODL�SRO\PRUSKLVP� LQIRUPDWLRQ� FRQWHQW� �3,&�� OHELK�

GDUL� ���� GLSLOLK� VHVXDL� LQIRUPDVL� VHEHOXPQ\D�

�5RQJZHQ� HW� DO�� ������� 3ULPHU� 665� EHVHUWD�

VHNXHQQ\D� GDSDW� GLDNVHV� GL� KWWS���VR\EHDQ�RUJ�

UHVRXUFHV�VVU�SKS�� '1$� JHQRPLND� WLDS� YDULHWDV�

GLDPSOLILNDVL� PHQJJXQDNDQ� SULPHU� IRUZDUG� \DQJ�

GLWDPEDK� VHNXHQ� SULPHU� XQLYHUVDO� 0��� \DQJ�

EHUIXQJVL�VHEDJDL�DGDSWHU��SULPHU�UHYHUVH�GDQ�SULPHU�

0���\DQJ�GLODEHO�IOXRUHVFHQW��&KDHUDQL�HW�DO���������

3URJUDP�)DVW6WDUW�3&5��PHVLQ�%LRPHWUD��GLODNXNDQ�

VHEDJDL�EHULNXW��GHQDWXUDVL�DZDO�SDGD���R&����PHQLW��

NHPXGLDQ����VLNOXV�GHQJDQ����R&�GHQDWXUDVL�VHODPD�

��� GHWLN�� ��-��R&� DQQHDOLQJ� VHODPD� ��� GHWLN� GDQ�

��R&� HORQJDVL� VHODPD� ��� GHWLN�� GDQ� ILQDO� H[WHQVLRQ�

��R&�VHODPD���PHQLW��6HEHOXP�IUDJPHQ�DPSOLNRQQ\D�

GLDQDOLVLV�GHQJDQ�PHVLQ�*HQHWLF�$QDO\]HU��%HFNPDQ�

&(4�������SURGXN�3&5�GLFHN�GHQJDQ�JHO� DJDURVD��

8QWXN� GHWHNVL� IUDJPHQ� 665�� VHPXD� SULPHU� GLODEHO�

GHQJDQ�WLJD�ZDUQD� IOXRUHVFHQW�\DQJ�EHUEHGD��KLWDP��

KLMDX� GDQ� ELUX�� GDQ� GLMDODQNDQ� GDODP� WLJD� SDQHO�

PXOWLSOHNV�GL�*HQHWLF�$QDO\]HU�*$��7DEHO���� 

3URGXN�3&5�GLVLDSNDQ� XQWXN� GHWHNVL� IUDJPHQ�

665� SDGD� *HQHWLF� $QDO\]HU� � PHQJLNXWL� SURWRNRO�

�7KRPVRQ� ������� 3URGXN� 3&5� GLHQFHUNDQ� GHQJDQ�

ODUXWDQ�VDPSOH� ORDGLQJ�VROXWLRQ��6/6��GHQJDQ�UDVLR�

�����Y�Y���8QWXN�VHWLDS�VHW�SDQHO�PXOWLSOHNV��SURGXN�

3&5� \DQJ� GLHQFHUNDQ� GDUL� � WLJD� SULPHU� 665� \DQJ�

EHUODEHO� IOXRUHVFHQW� EHUEHGD� GLPDVXNNDQ� NH� VXPXU�

\DQJ�VDPD�SDGD�SODWH�VDPSHO�&(4��/DUXWDQ�6/6�GDQ�

�����O� VWDQGDU� LQWHUQDO�&(4�GHQJDQ�XNXUDQ�����ES�

GLWDPEDKNDQ�SDGD� VXPXU� VDPSDL�PHQFDSDL�YROXPH�

����O��8QWXN�PHQFHJDK�HYDSRUDVL� VHODPD�SUHSDUDVL�

GDQ�UXQQLQJ�GL�PHVLQ��PLQHUDO�RLO�GLWHWHVNDQ�SDGD�WLDS�

VXPXU��3DGD�SODWH�ODLQQ\D��&(4�EXIIHU�SODWH���EXIIHU�

&(4� GLWDPEDKNDQ� VDPSDL� ���� EDJLDQ� VXPXU��

.HPXGLDQ�� NHGXD� SODWH� GLOHWDNNDQ� GL� PHVLQ�

&(4����� GDQ� SURJUDP� )UDJ-�� GLMDODQNDQ� GHQJDQ�

NRQGLVL�VHEDJDL�EHULNXW�VXKX�NDSLOHU���R&��LQMHNVL�����

N9� VHODPD���� GHWLN�� GHQDWXUDVL� SDGD� � ��R&� VHODPD�


3ULPHU�NHGHODL�GDSDW�GLDNVHV�GL�KWWS���VR\EDVH�RUJ�UHVRXUFHV�VVU�SKS 

Panel multipleks Primer SSR* 
Warna 

Fluorescent 
Kromosom Motif 

1 

Satt009 D2-hitam 3 (AAAT)3(AAT)13 

Satt038 D3-hijau 18 (ATA)17 

Satt114 D4-biru 13 (AAT)17 

2 

Satt242 D2-hitam 9 (TTA)26 

Satt177 D3-hijau 8 (ATT)16 

Satt343 D4-biru 10 (TAT17 

3 

Satt147 D2-hitam 1 (ATA)15 

Satt308 D2-hitam 7 (TTA)22 

Satt414 D4-biru 16 (ATT)23 

 

7DEHO� ���3DQHO�PXOWLSOHNV�SULPHU�665�\DQJ�GLJXQDNDQ�XQWXN�DQDOLVLV�SURILO�VLGLN�MDUL����YDULHWDV�ORNDO�NHGHODL�
GHQJDQ�*HQHWLF�$QDO\]HU��%HFNPDQ�&(4������ 



���� 

/HVWDUL�GNN� 

���� PHQLW� � GDQ� VHSDUDVL� SDGD� ���� N9� VHODPD� ���

PHQLW��6HWHODK����MDP��IUDJPHQ�'1$�GDSDW�GLOLKDW�GL�

OD\DU�PRQLWRU�VHEDJDL�SXQFDN-SXQFDN��SHDN��GHQJDQ�

ZDUQD�\DQJ�EHUODLQDQ�VHVXDL�SHODEHODQ� 

8NXUDQ� DOHO� GDUL� WLDS� IUDJPHQ� 665� \DQJ�

GLSHUROHK� GDUL� *$� &(4����� GLDQDOLVLV� XQWXN�

SHQJHORPSRNNDQ� �ELQQLQJ�� GHQJDQ�&(4�)UDJPHQW�

$QDO\VLV� 6RIWZDUH� �7KRPVRQ� ������� 8NXUDQ� DOHO�

VHWLDS� ORNXV�KDVLO�*$�GLFHN� VHFDUD� WHOLWL� SUHVLVLQ\D��

3HQJHORPSRNNDQ� EHUGDVDUNDQ� MXPODK� SHQJXODQJDQ�

665� GL-�� WUL-�� RU� WHWUD-� QXNOHRWLGD�� 'DWD� VNRU� ORNXV�

665� GLSHUOXNDQ� XQWXN�PHQGDSDWNDQ� DNXUDVL� GDODP�

GLVNULPLQDVL�YDULHWDV��'DWD� VNRULQJ�DOHO�EHUGDVDUNDQ�

IUHNXHQVLQ\D�GLDQDOLVLV�GHQJDQ�3RZHU0DUNHU�9�����

XQWXN� PHPSHUROHK� LQIRUPDVL� NHUDJDPDQ� JHQHWLN��

IUHNXHQVL� SROLPRUILVPH� 3,&�� KHWHURVLJRVLWDV� WLDS�

PDUND� �/LX�HW�DO��������� ,QIRUPDVL� WHUVHEXW�SHQWLQJ�

GLJXQDNDQ�VHEDJDL�NULWHULD�GDVDU�XQWXN�VHOHNVL�PDUND�

VHEDJDL�NDQGLGDW�LGHQWLILNDVL�YDULHWDV��6HFDUD�SDUDOHO�

GHQJDQ� SHPLOLKDQ� ORNXV� 665� XQWXN� VHW� PDUND��

SURVHGXU� NDONXODVL� MDUDN� JHQHWLN� VHPXD� NROHNVL�

EHUGDVDUNDQ� PDUND� WHWDS� GLODNXNDQ� XQWXN�

PHPDNVLPDONDQ� HILVLHQVL� GLIHUHQVLDVL� YDULHWDV��

$QDOLVLV� NODVWHU� GLEXDW� PHQJJXQDNDQ� SHUDQJNDW�

OXQDN�VWDWLWLND�6366�������3HQJHPEDQJDQ�VHW�PDUND�

XQWXN� LGHQWLILNDVL� YDULHWDV� EHUGDVDUNDQ� JDEXQJDQ�

PHWRGH�VHEHOXPQ\D��6RQJ�HW�DO��������5LVOLDZDWL�HW�

DO�������� 

6HODQMXWQ\D� MXPODK� JUXS� GDQ� VHODQJ� JUXS�

GLWHQWXNDQ� XQWXN� WLDS� PDUND� 665�� -XPODK� JUXS�

GLEXDW�EHUGDVDUNDQ�MXPODK�SHQJXODQJDQ�PRWLI�665��

6HEDJDL� FRQWRK�� 6DWW���� \DQJ� PHPSXQ\DL� PRWLI�

³�$77� �́� PDND� MXPODK� NHODV� DNDQ� GLWHQWXNDQ�

EHUGDVDU�MXPODK�PRWLI�DOHO�\DQJ�GLGHWHNVL��6HPHQWDUD��

VHODQJ�JUXS�PHZDNLOL�VHODQJ�XNXUDQ�DOHO�GDODP�WLDS�

JUXS�GDQ�GLWHQWXNDQ�EHUGDVDUNDQ�IRUPXOD� 

/DQJNDK� WHUUDNKLU� DGDODK� PHQWUDQVIRUPDVL�

XNXUDQ� DOHO� NH� NRGH� DQJND� VHVXDL� GHQJDQ� MXPODK�

NRGLQJ�JUXS�PDVLQJ-PDVLQJ���NRGH�DQJND�QXPHULNDO�

\DQJ�GLPXODL�GDUL� ³�� �́ XQWXN� WLDS�PRWLI�665�\DQJ�

GLREVHUYDVL� GDUL� WLDS� SULPHU�� 7UDQVIRUPDVL� LQL�

GLODNXNDQ� XQWXN� VHPXD�PDUND� 665� GDODP� VDWX� VHW�

PDUND�\DQJ�GLIRUPXODVL�GDQ�KDVLO�NRGLQJ�PHUXSDNDQ�

,'�WLDS�YDULHWDV� 

 

+$6,/ 

 

$QDOLVLV�3ROLPRUILVPH�GDQ�$OHO�665 

+DVLO� DOOHOH� FDOOLQJ� GDQ� SHQJHORPSRNDQ�

�ELQQLQJ�� GDUL� ��� YDULHWDV� NHGHODL� \DQJ� GLDQDOLVLV�

GHQJDQ���PDUND�665��PHPLOLNL�NDUDNWHULVWLN�VHSHUWL�

\DQJ� GLWXQMXNNDQ� SDGD� 7DEHO� ��� 7RWDO� DOHO� \DQJ�

WHUGHWHNVL� GLDQWDUD� ��� YDULHWDV� ORNDO� NHGHODL� DGDODK�

VHEDQ\DN� ��� DOHO� GHQJDQ� NLVDUDQ� �-�� DOHO� WLDS�

ORNXVQ\D�PDVLQJ-PDVLQJ�XQWXN�6DWW����GDQ�6DWW����� 

)UHNXHQVL� DOHO� GRPLQDQ� �!����� GLWHPXNDQ�

SDGD� �� ORNXV� GHQJDQ� QLODL� WHUWLQJJL� SDGD� 6DWW����

�IUHNXHQVL� ��������� +DPSLU� ���� WRWDO� YDULHWDV�

EHUEDJL�DOHO�XPXP�GRPLQDQ��6HEDQ\DN���������DOHO��

GDUL� VHOXUXK� DOHO� GDODP� NROHNVL� PHUXSDNDQ� DOHO�

MDUDQJ�� 6DWW���� \DQJ� PHQJKDVLONDQ� SDOLQJ� EDQ\DN�

DOHO� KDQ\D� VHNLWDU� �� DOHO� XPXP� \DQJ� WHUGHWHNVL��

Marka Kromosom Jumlah alel 

Frekuensi alel 

dominan
1
 

Jumlah alel 

jarang
2
 

Gene 

diversity PIC 

Satt009 3 5 0,4483 1 0,7015 0,657 

Satt038 18 4 0,4483 0 0,692 0,6422 

Satt114 13 5 0,4828 2 0,6159 0,5435 

Satt147 1 6 0,7586 3 0,4078 0,3885 

Satt177 8 5 0,5862 2 0,5939 0,549 

Satt242 9 7 0,4138 4 0,6801 0,6246 

Satt243 10 4 0,5172 1 0,6159 0,5496 

Satt308 7 9 0,3276 4 0,7776 0,7462 

Satt414 16 5 0,5862 2 0,5731 0,5148 

 

7DEHO� ���.DUDNWHULVWLN� DOHO� \DQJ�GLSHUROHK�GDUL� DQDOLVLV� VLGLN� MDUL�'1$�GHQJDQ�PDUND�665�SDGD����YDULHWDV�

ORNDO�NHGHODL� 

�$OHO�GRPLQDQ�DOHO�GHQJDQ�IUHNXHQVL!������$OHO�MDUDQJ��DOHO�GHQJDQ�IUHNXHQVL������\DQJ�GLREVHUYDVL�SDGD�WRWDO�
YDULHWDV 

6HODQJ�JUXS� XNXUDQ�DOHO�PDNVLPXP-XNXUDQ�DOHO�PLQLPXP����������������� 
������MXPODK�SHQJXODQJDQ�PRWLI�PDUND�665�\DQJ� 
�������������������������GLREVHUYDVL 



���� 

3HQJHPEDQJDQ�,GHQWLWDV�6SHVLILN�%HUEDVLV�0DUND�665� 

No 

No. 

register Nama Lokus SSR (ukuran alel spesifik dalam bp) 

1 4283 Singgalang (II) Satt177 (105bp), Satt243 (273bp) 

2 1635 Kedele Presi Satt414 (268bp) 

3 4042 Lokal Sukamandi (GM 4476Si) Satt114 (98bp) 

4 4299 Lokal Bogor Satt147 (207/282bp) 

5 3705 Lokal Kr Asem Satt114 (111bp) 

6 1459 Samarinda (I) Satt147 (210bp) 

7 3657 Lokal Jember Satt308 (157bp) 

8 3293 Genjah Hitam Satt242 (136/154bp) 

9 3660 Lokal Lumajang Satt308 (151/172bp) 

10 1658 Sopeng Satt242 (130bp) 

11 3692 Lokal Badung Satt147 (213/327bp), Satt414 (313bp) 

12 3900 LB-72 Satt009 (219bp) 

13 4194 Lokal Ongko Satt177(117bp), Satt242 (145/160bp) 

14 3494 Papak Satt242 (148bp), Satt308 (142bp) 

15 3728 Kedele Hibrida Satt308 (133/154bp) 

 

7DEHO����$OHO�VSHVLILN�\DQJ�GLGHWHNVL�SDGD�NROHNVL�YDULHWDV�ORNDO�NHGHODL�GDODP�VWXGL�LQL�� 

'DODP� NROHNVL� YDULHWDV� ORNDO� LQL�� VHPXD� DOHO� MDUDQJ�

PHUXSDNDQ�DOHO�VSHVLILN�SDGD�YDULHWDV�ORNDO� WHUWHQWX��

7RWDO� ��� YDULHWDV� PHPLOLNL� DOHO� VSHVLILN� GHQJDQ�

NLVDUDQ�VDWX�VDPSDL�GXD�ORNXV��.KXVXV�ORNXV�6DWW����

GDQ�6DWW����PHQJKDVLONDQ�SDOLQJ�EDQ\DN�DOHO�VSHVLILN�

SDGD�NROHNVL�YDULHWDV�ORNDO�WHUVHEXW��7DEHO����� 

3DUDPHWHU� ODLQ� \DQJ� PHQHQWXNDQ� WLQJNDW�

SROLPRUILVPH� PDUND� PROHNXOHU� DGDODK� QLODL� 3,&�

�3RO\PRUSKLVP� ,QIRUPDWLRQ� &RQWHQW��� 5DWDDQ� QLODL�

3,&�XQWXN�WRWDO�YDULHWDV�NHGHODL�VHNLWDU�������'DUL���

PDUND� 665� \DQJ� GLJXQDNDQ�� VDWX� PDUND� PHPLOLNL�

QLODL�3,&�FXNXS� WLQJJL� �!�������\DLWX� ORNXV�6DWW�����

7LJD�PDUND�PHPLOLNL�QLODL�3,&�VHGDQJ�\DLWX�6DWW�����

6DWW�����GDQ�6DWW�����GDQ�3,&�WHUHQGDK�SDGD�6DWW�����

$GDSXQ� WLQJNDW� NHUDJDPDQ� JHQHWLN� GDUL� SODVPD�

QXWIDK�\DQJ�GLDPDWL�GDSDW�GLWXQMXNNDQ�ROHK�QLODL�JHQH�

GLYHUVLW\�NHUDJDPDQ� JHQHWLN�� 'DODP� SHQHOLWLDQ� LQL��

UDWDDQ� QLODL� NHUDJDPDQ� JHQHWLN� FXNXS� WLQJJL� \DLWX�

������ 

 

3HQJHPEDQJDQ�6HW�0DUND�665�GDQ�,'�9DULHWDV 

'DODP� VWXGL� LQL� EHEHUDSD� WDKDS� GDODP�

PHUDQFDQJ� VHW� PDUND� XQWXN� LGHQWLILNDVL� YDULHWDV��

PHOLSXWL�VHOHNVL�NDQGLGDW�PDUND��PHQHQWXNDQ�PHWRGH�

UDQFDQJDQ� VHW� PDUND�� SHUDQFDQJDQ� VHW� PDUND�� GDQ�

SHQ\XVXQDQ�LGHQWLWDV��,'��YDULHWDV��%HUGDVDUNDQ�QLODL�

3,&�� LQGHN� NHUDJDPDQ� JHQHWLN�� MXPODK� DOHO� MDUDQJ��

HVWLPDVL�MDUDN�JHQHWLN��SDGD�DZDOQ\D�GLSLOLK���PDUND�

GDUL���PDUND�VHEDJDL�VHW�PDUND�GDVDU��\DLWX�6DWW�����

6DWW�����6DWW�����6DWW����GDQ�6DWW�����%HUGDVDUNDQ�

DQDOLVLV�ILORJHQL�GHQJDQ�OLPD�PDUND�WHUSLOLK��6DWW���-

6DWW���-6DWW���-6DWW���-6DWW������VHEDJLDQ�EHVDU�����

YDULHWDV�� GDSDW� WHUSLVDK� GDODP� VXE� NODVWHU�� 1DPXQ�

WHUGDSDW� GXD� NHORPSRN� \DQJ� WHUGLUL� GDUL� �� YDULHWDV�

�1R����/RNDO� 6XPEDU�� ���+LWDP�/RNDO�� GDQ� ����.F�

'XGXN�� GDQ� �� YDULHWDV� �1R�����/RNDO�.DUDQJDVHP��

����6DPDULQGD�� \DQJ� WLDS�YDULHWDV� GDODP�NHORPSRN�

EHOXP�GDSDW�GLEHGDNDQ��$QJJRWD�GDUL�GXD�NHORPSRN�

LQL�ELOD�GLOLKDW�VDWX�VDPD�ODLQ��GHNDW�MDUDN�JHQHWLNQ\D�

SDGD�GHQGURJUDP� �*DPEDU� ���� 6HGDQJNDQ� ��PDUND�

VHNDOLSXQ�EHOXP�GDSDW�PHPEHGDNDQ�/RNDO�6XPEDU��

+LWDP�/RNDO��GDQ�.F�'XGXN��8QWXN�YDULHWDV�/RNDO�

.DUDQJDVHP� GDQ� 6DPDULQGD�� NHWLND� GLWDPEDKNDQ�

VDWX�PDUND�VHEDJDL�SHPEHGD�\DLWX�6DWW�����NHGXDQ\D�

PHPEHULNDQ� XNXUDQ� DOHO� GDQ� NRGLQJ� DOHO� \DQJ�

EHUEHGD��� 

0HQJLQJDW� SURILO� VLGLN� MDUL� VHEDJDL� LGHQWLWDV�

GLIRUPXODVLNDQ� VHEDJDL� ³NRGLQJ �́ GDODP� DQJND�

QXPHULN��PDND� UDQFDQJDQ�EHUGDVDUNDQ�KDVLO�GHWHNVL�

IUDJPHQ�GHQJDQ�*HQHWLF�$QDO\]HU��PHQMDGL�SULRULWDV�

GDODP� VWXGL� LQL�� 3HPEHQWXNDQ� NHODV� GHQJDQ� NRGH�

NKXVXV�GXD�GLJLW�PHZDNLOL�WLDS�VHODQJ�XNXUDQ�DOHO�GDUL�

PDVLQJ-PDVLQJ� ORNXV� \DQJ� GLKLWXQJ� GHQJDQ� UXPXV�

WHUWHQWX� VHSHUWL� WHUWHUD� GL� PHWRGH� �7DEHO� ����

%HUGDVDUNDQ� MXPODK� WRWDO� PRWLI� \DQJ� WHUGHWHNVL��

NRGLQJ� ��-��� GDUL� XNXUDQ� WHUNHFLO� VDPSDL� WHUEHVDU�



���� 

/HVWDUL�GNN� 

Koding 
Kisaran Alel 

Satt009 Satt038 Satt177 Satt242 Satt308 Satt114 (Mi) 

00 174-183 172-177 101-105 130-134 133-137 95-99 

01 184-193 178-183 106-110 135-139  138-142 101-104 

02 194-203 184-189 111-115 140-144 143-147 105-109 

03 204-213 190-195 116-120 145-149 148-152 110-114 

04 214-223 121-125 150-154 153-157 115-119 

05 
 

155-159 158-162  

06 
 

160-164 163-167  

07 
  

168-172  

08 
  

173-183  

 

XQWXN� �� ORNXV� 665�� 7LDS� PDUND� PHPLOLNL� MXPODK�

NHODV� NRGLQJ� PLVDOQ\D� 6DWW���� GDQ� 6DWW���� DGD� ��

NRGLQJ�� VHPHQWDUD� 6DWW���� GDQ� 6DWW���� PDVLQJ-

PDVLQJ� PHQJKDVLONDQ� �� GDQ� �� NRGLQJ�� .KXVXV�

6DWW����VHEDJDL�PDUND�LGHQWLILHU�DGD���NRGLQJ�� 

.RGLQJ�YDULHWDV�GHQJDQ� VHW�PDUND�PHUXSDNDQ�

XSD\D� PHPEHULNDQ� LGHQWLWDV� EDJL� YDULHWDV� XQWXN�

GDSDW� GLEHGDNDQ� VHFDUD� JHQHWLN� GHQJDQ� VLVWHP�

GLJLWDO��6HEDJDL�FRQWRK��PDUND�6DWW����PHQGHWHNVL���

DOHO� GHQJDQ� NLVDUDQ� ���� ±� ����� VHKLQJJD� DNDQ�

WHUGDSDW� �� NRGH� NXDQWLWDWLI� \DQJ� PHUXSDNDQ�

UHSUHVHQWDVL�XNXUDQ�DOHO�KDVLO�DPSOLILNDVL�'1$�ROHK�

PDUND�\DQJ�GLPDNVXG�GHQJDQ�FDWDWDQ�VHPXD�DOHOQ\D�

KRPR]LJRW��7HNQLN�NRGLQJ�VHSHUWL�LQL�GLODNXNDQ�SDGD�

VHPXD�PDUND�665�GDODP�VHW�PDUND�LGHQWLWDV��6HFDUD�

NHVHOXUXKDQ�� KDVLO� NRGLQJ� YDULHWDV� ORNDO� NHGHODL�

,QGRQHVLD� PHQJJXQDNDQ� VHW� PDUND� LGHQWLWDV�

GLWXQMXNNDQ�SDGD�7DEHO���� 

.RGH�,'�WLDS�YDULHWDV�DGD����GLJLW�EHUGDVDUNDQ�

WUDQVIRUPDVL�XNXUDQ�DOHO���ORNXV�665��6HEDJDL�FRQWRK�

YDULHWDV�6LQJJDODQJ��,,��PHPSXQ\DL�XNXUDQ�DOHO������

�������������������GDQ�����ES�VHFDUD�EHUXUXWDQ�XQWXN�

ORNXV�6DWW�����6DWW�����6DWW�����6DWW�����6DWW����GDQ�

6DWW�����%HUGDVDUNDQ� WUDQVIRUPDVL� NH� VLVWHP� GLJLWDO�

GDUL� 7DEHO� �� PDND� DNDQ� GLNRGHNDQ� ����

���������������XQWXN�WLDS�ORNXV�665�GDUL�VHW�PDUND��

'HQJDQ� GHPLNLDQ� ,'� 6LQJJDODQJ� �,,�� DGDODK�

�������������� 3URVHGXU� \DQJ� VDPD� GLWHUDSNDQ�

XQWXN�SHPEXDWDQ� ,'�YDULHWDV� ODLQQ\D��7LJD� YDULHWDV�

\DQJ� WLGDN�GLNHWDKXL�DVDO�XVXOQ\D��3DSDN��3UHVL�GDQ�

NHGHODL�KLEULGD�VXGDK�PHPLOLNL�,'��,'�WHUVHEXW�DNDQ�

VDQJDW� EHUPDQIDDW� GDODP�PHQHOXVXUL� DVDO� XVXO� GDQ�

NHPXUQLDQ� EHQLK� YDULHWDV�DNVHVL� WHUVHEXW�� 1DPXQ�

NDUHQD���YDULHWDV��/RNDO�6XPEDU��+LWDP�ORNDO�GDQ�.F�

'XGXN��EHOXP�GDSDW�GLEHGDNDQ�GHQJDQ�VHW�PDUND�LQL��

VHKLQJJD�NHWLJD�YDULHWDV�WHUVHEXW�PDVLK�PHPLOLNL�,'�

VDPD� \DLWX� �������������� .DUHQD� LWX� SHUOX�

GLODNXNDQ� HNVSORUDVL� OHELK� ODQMXW� XQWXN� PHQFDUL�

PDUND�665�LGHQWLILHU�NKXVXV�NHWLJD�YDULHWDV�WHUVHEXW� 

 

3(0%$+$6$1 

 

7LQJNDW�SROLPRUILVPH�WLDS�GDQ�WRWDO�SULPHU�665�

FXNXS� WLQJJL� GDODP� NROHNVL� SODVPD� QXWIDK� \DQJ�

KDPSLU�VHPXD�DGDODK�YDULHWDV� ORNDO�GDODP�VWXGL� LQL��

1DPXQ�MXPODK�DOHO�\DQJ�WHUGHWHNVL�GDODP�NROHNVL�GL�

VWXGL�LQL�OHELK�UHQGDK�SDGD�KDVLO�ODSRUDQ�VHEHOXPQ\D�

NDUHQD� PHQJJXQDNDQ� MXPODK� YDULHWDV� OHELK� EDQ\DN�

GDQ� YDULHWDV� ORNDO� OHELK� YDULDWLI� WHUPDVXN� YDULHWDV�

*DPEDU����'HQGURJUDP����YDULHWDV�ORNDO�NHGHODL�
EHUGDVDUNDQ�SURILO� VLGLN� MDUL�'1$�\DQJ�
GLKDVLONDQ���PDUND�665�WHUSLOLK�� 

7DEHO� ���.RGH�XQWXN�VHWLDS�VHODQJ�XNXUDQ�DOHO�\DQJ�GLIRUPXODVLNDQ�XQWXN���PDUND�665�VHEDJDL�NDQGLGDW�VHW�
PDUND�GDQ�VDWX�LGHQWLILHU��0L��XQWXN�LGHQWLILNDVL�YDULHWDV�ORNDO�NHGHODL� 



���� 

3HQJHPEDQJDQ�,GHQWLWDV�6SHVLILN�%HUEDVLV�0DUND�665� 

XQJJXO� GDQ� LQWURGXNVL� SDGD� ODSRUDQ� VHEHOXPQ\D�

�0DXJKDQ� HW� DO�� ������ &KDHUDQL� HW� DO�� ������� +DO�

WHUVHEXW� VHVXDL� GHQJDQ� DQDOLVLV�:DQJ� HW� DO�� �������

EDKZD�SHQLQJNDWDQ�MXPODK�YDULHWDV�ELDVDQ\D�GLLNXWL�

GHQJDQ�SHQLQJNDWDQ�MXPODK�DOHO� 

7HUNDLW� GHQJDQ� NHEHUDGDDQ� IUHNXHQVL� DOHO��

NKXVXVQ\D� DOHO� MDUDQJ� GDQ�PDUND� \DQJ� WLGDN� GDSDW�

PHQGHWHNVL� DOHO� MDUDQJ� WLGDN� GLVDUDQNDQ� PHQMDGL�

NDQGLGDW� FDORQ� VHW� PDUND� LGHQWLILNDVL� NDUHQD� DNDQ�

VXOLW� PHPEHUL� SHQFLUL� VSHVLILN� EDJL� SODVPD� QXWIDK�

\DQJ� EHUVDQJNXWDQ� �/XFH� HW� DO�� ������� .DVXV� LQL�

GLGHWHNVL�SDGD�ORNXV�6DWW����\DQJ�WLGDN�PHPLOLNL�DOHO�

MDUDQJ��6HPHQWDUD�6DWW����\DQJ�PHQJKDVLONDQ�SDOLQJ�

EDQ\DN�DOHO�XPXP�GDODP�NROHNVL�YDULHWDV� ORNDO� LQL��

WHUQ\DWD� DGD� �� DOHO� MDUDQJ� \DQJ� WHUGHWHNVL�� $QDOLVLV�

MXPODK� DOHO� SHU� ORNXV� EHUNRUHODVL� SRVLWLI� GHQJDQ�

MXPODK� DOHO� MDUDQJ� QDPXQ� QHJDWLI� GHQJDQ� DOHO�

GRPLQDQ��.HFHQGHUXQJDQ� WHUVHEXW�PHQGXNXQJ�KDVLO�

NRUHODVL�SDGD�SODVPD�QXWIDK�NHGHODL�VHEHOXPQ\D��-DLQ�

HW�DO��������6DQWRVR�HW�DO��������&KDHUDQL�HW�DO��������

GDQ� SHQWLQJ� GDODP� NHEHUKDVLODQ� SHQJHPEDQJDQ�

PDUND�XQWXN�SHQFLUL�YDULHWDV�� 

No 
No. 

register 
Nama 

Asal 
Kode ID 

Kabupaten Propinsi 

1 1670 Lokal Sumbar Sumbar Sumbar 000002030700 

2 4283 Singgalang (II) Singgalang Sumbar 000100040004 

3 1635 Kedele Presi Lampung Lampung 000101040400 

4 3184 Hitam Lokal Sukamandi Jabar 000002030700 

5 3233 Ked kecipir putih Sukamandi Jabar 000002040304 

6 4042 Lokal Sukamandi (GM 4476Si) Subang Jabar 000302040400 

7 4299 Lokal Bogor Bogor Jabar 000302040704 

8 887 Genjah Slawi Tegal Jateng 000002030304 

9 3702 Lokal Karang asem (I) Karangasem Jateng 000302040302 

10 3705 Lokal Kr Asem Karangasem Jateng 000001030303 

11 1459 Samarinda (I) Jember Jatim 000001030304 

12 3490 Hitam Jember Jatim 000001040300 

13 3657 Lokal Jember Jember Jatim 000102030404 

14 3293 Genjah Hitam Kediri Jatim 000002010300 

15 3506 Lokal Kediri Kediri Jatim 000002040402 

16 3610 Lokal Kediri Kediri Jatim 000102040704 

17 3611 Lokal Kediri Kediri Jatim 000102040304 

18 3594 Lokal Magetan Magetan Jatim 000001030700 

19 3601 Lokal Ponorogo Ponorogo Jatim 000002040704 

20 3660 Lokal Lumajang Lumajang Jatim 000002040304 

21 961 Kc. Duduk Kutai Kaltim 000002030700 

22 1658 Sopeng Sopeng Sulsel 000002000300 

23 3692 Lokal Badung Badung Bali 000102030404 

24 3695 Lokal Tabanan Tabanan Bali 000002040700 

25 3900 LB-72 Bali Bali 040002040700 

26 4194 Lokal Ongko Ongko NTB 000003060404 

27 3494 Papak Unknown Unknown 000002030104 

28 3661 Presi Unknown Unknown 000102040000 

29 3728 Kedele Hibrida Unknown Unknown 000302030004 

 
.RGLQJ�YDULHWDV�EHUGDVDUNDQ�SURILO�VLGLN�MDUL�\DQJ�GLKDVLONDQ�PDUND�665�GDUL�NLUL�NH�NDQDQ�WLDS���GLJLW��6DWW���-6DWW���-
6DWW���-6DWW���-6DWW���-6DWW��� 

7DEHO����,GHQWLWDV�VSHVLILN��,'��YDULHWDV�ORNDO�NHGHODL�\DQJ�GLNHPEDQJNDQ�EHUGDVDUNDQ�SURILO�VLGLN�MDUL�GDUL�VHW�
PDUND�\DQJ�WHUGLUL�GDUL�HQDP�ORNXV�665� 



���� 

/HVWDUL�GNN� 

6HEDJLDQ�EHVDU� DOHO� MDUDQJ� DGDODK� DOHO� VSHVLILN�

\DQJ� GLPLOLNL� ROHK� YDULHWDV� WHUWHQWX� GDQ� XPXPQ\D�

EDQ\DN� GLWHPXNDQ� SDGD� YDULHWDV� ORNDO� �&KDHUDQL� HW�

DO�� ������� $OHO-DOHO� VSHVLILN�MDUDQJ� WHUVHEXW� GDSDW�

WHUNDLW� NDUDNWHU� PRUIR-DJURQRPL� SHQWLQJ� NDUHQD�

SURVHV�DGDSWDVL�PDXSXQ�NHWDKDQDQ�WHUKDGDS�FHNDPDQ�

ELRWLN� GDQ� DELRWLN� �1DUYHO� HW� DO�� ������ GDQ�

PHPSHUND\D�NHUDJDPDQ�JHQHWLN�\DQJ�SHQWLQJ�XQWXN�

NHHIHNWLIDQ� SHPDQIDDWDQ� GDQ� SHQJHORODDQ� SODVPD�

QXWIDK��/L�HW�DO���������.HPXQFXODQ�DOHO�MDUDQJ�GDQ�

VSHVLILN�EDQ\DN�GLSHQJDUXKL�ROHK�OLQJNXQJDQ��'LZDQ�

	�&UHJDQ�������\DQJ�PXQJNLQ�EDQ\DN�EHUNRQWULEXVL�

SDGD� YDULHWDV� ORNDO� NHGHODL� \DQJ� WHUVHEDU� GL�

,QGRQHVLD�� $OHO-DOHO� VSHVLILN� EHUNRQWULEXVL� PHQMDGL�

VXPEHU� SHQFLUL� VSHVLILN� JHQHWLN� SDGD� YDULHWDV� ORNDO�

VHEDJDL�LQGLNDVL�SURWHNVL�DVDO�JHRJUDILQ\D��-DLQ�HW�DO��

������3URKHQV�HW�DO�������� 

�3,&� EHUNRUHODVL� SRVLWLI� GHQJDQ� MXPODK� DOHO�

�U ������ S�������� \DQJ� UHOHYDQ� GHQJDQ� SHQHOLWLDQ�

VHEHOXPQ\D� �1DUYHO� HW� DO�� ������� 5DWDDQ� QLODL� 3,&�

�������PDVLK�VHEDQGLQJ�GHQJDQ�KDVLO�&KDHUDQL�HW�DO��

�������PHVNLSXQ�PHQJJXQDNDQ�KDPSLU�GXD�NDOL�OLSDW�

SODVPD�QXWIDK� �3,&��������QDPXQ� OHELK� UHQGDK�GDUL�

KDVLO� ODLQQ\D� \DQJ� GLYHUVLWDV� GDQ� MXPODK� YDULHWDV�

ORNDOQ\D�OHELK�WLQJJL��6DQWRVR�HW�DO��������/LX�HW�DO��

�������3HUEHGDDQ�NHUDJDPDQ�EHUGDVDUNDQ�3,&�GDODP�

VWXGL� LQL� PHQXQMXNNDQ� EDKZD� SLOLKDQ� PDUND� GDQ�

YDULHWDV�\DQJ�GLDQDOLVLV�EHUSHQJDUXK�WHUKDGDS�YDULDVL�

QLODL� NHUDJDPDQ� PDUND� PROHNXOHU�� 0DUND� GHQJDQ�

3,&� WLQJJL� GDQ� LQIRUPDWLI� GDSDW� GLMDGLNDQ� NDQGLGDW�

VHW�PDUND� LGHQWLILNDVL��.RPELQDVL�PDUND� LQIRUPDWLI�

GDQ� NXUDQJ� LQIRUPDWLI� WHUQ\DWD� GLVDUDQNDQ� XQWXN�

GLMDGLNDQ� VHW� PDUND� DQDOLVLV� VLGLN� MDUL� '1$� XQWXN�

LGHQWLILNDVL�GDQ�GLIHUHQVLDVL�YDULHWDV��%UHGHPHLMHU�HW�

DO�������� 

'DODP� SHQHOLWLDQ� LQL�� UDWDDQ� QLODL� NHUDJDPDQ�

JHQHWLN� FXNXS� WLQJJL� �������� WLGDN� EHUEHGD� MDXK�

GHQJDQ�NHUDJDPDQ�JHQHWLN�GDUL� VHNLWDU�����YDULHWDV�

ORNDO�.RUHD���������GHQJDQ����665��&KR�HW�DO���������

1DPXQ�QLODL�NHUDJDPDQ�JHQHWLN�GDODP�VWXGL�LQL�OHELK�

UHQGDK� GDULSDGD� GDODP� NROHNVL� NHGHODL� \DQJ�

PD\RULWDV� GDUL� ,QGRQHVLD� �6DQWRVR� HW� DO�� ������ GDQ�

SODVPD�QXWIDK�GDUL�&LQD�GHQJDQ����YDULHWDV�GDQ����

665��0LQ�HW�DO��������PDXSXQ�NROHNVL�NHGHODL�GDUL�

%UD]LO� �0XODWR� HW� DO�� ������� 3ODVPD� QXWIDK� \DQJ�

GLODSRUNDQ� SHQHOLWL� ODLQ� WHUVHEXW� OHELK� WLQJJL�

GLYHUVLWDVQ\D� �ORNDO�� LQWURGXNVL�� YDULHWDV� XQJJXO��

YDULHWDV�OLDU���+DO�LQL�PHQDQGDNDQ�EDKZD�SHPLOLKDQ�

PDWHUL�JHQHWLN�XQWXN�SHQHOLWLDQ�LQL�VXGDK�FXNXS�EDLN�

NDUHQD� EHVDUQ\D� NHUDJDPDQ� JHQHWLN� PDWHUL� SODVPD�

QXWIDK� \DQJ� GLXML� DNDQ� PHQHQWXNDQ� WLQJNDW�

SROLPRUILVPH�PDUND�665�\DQJ�GLSDNDL��.HFXDOL�LWX��

WXMXDQ� DSOLNDVL�PDUND� GDODP� VWXGL� LQL� DGDODK�XQWXN�

LGHQWLILNDVL� YDULHWDV�� VHKLQJJD� MXPODK� GDQ� YDULDVL�

NROHNVL�VXGDK�FXNXS�PHZDNLOL�XQWXN�GLDQDOLVLV� 

6HEXDK�VHW�PDUND�PROHNXOHU�GLNDWDNDQ�DPSXK�

GDODP� LGHQWLILNDVL� YDULHWDV� DSDELOD� PDPSX�

PHQJKDVLONDQ� SURILO� VLGLN� MDUL� '1$� \DQJ� VSHVLILN�

XQWXN� WLDS� YDULHWDV� WDUJHW�� -XPODK� PDUND� GDODP�

IRUPXODVL� XQWXN� LGHQWLWDV� GDQ� SURWHNVL� YDULHWDV�

VHKDUXVQ\D� PLQLPDO� WHWDSL� HILVLHQ� �5LWVFKHO� HW� DO��

������� GDQ� DGD� EHEHUDSD� PHWRGH� \DQJ� GLJXQDNDQ�

VHSHUWL�PXOWLYDULDVL��6RQJ�HW�DO��������GDQ�DOJRULWPD�

JHQHWLN� �-RQHV� HW� DO�� ������� 'DODP� VWXGL� LQL�� VHW�

PDUND� GLUDQFDQJ�EHUGDVDUNDQ�XNXUDQ� DOHO� DVOL� \DQJ�

GLREVHUYDVL� GDQ� NXDOLWDV� WDPSLODQ� NURPDWRJUDP��

8NXUDQ� DOHO� DVOL� GDSDW� GLWDPSLONDQ� VHFDUD� NXDOLWDWLI�

EHUXSD� SROD� SLWD� '1$� KDVLO� HOHNWURIHUHVLV�� GDQ�

NXDQWLWDWLI� GDODP� DQJND� QXPHULN� KDVLO� GHWHNVL�

IUDJPHQ� 665� ROHK� *HQHWLF� $QDO\]HU�� 6HWHODK� VHW�

PDUND� GHQJDQ� MXPODK�PLQLPDO� QDPXQ�PHPSXQ\DL�

NHPDPSXDQ� GLIHUHQVLDVL� GLSHUROHK� GDQ� WHUQ\DWD�

PDVLK�DGD�YDULHWDV�GHQJDQ�NHVDPDDQ�JHQHWLN��VHSHUWL�

WHUMDGL�DQWDUD���YDULHWDV�ORNDO��/RNDO�6XPEDU��+LWDP�

/RNDO� GDQ� .F� 'XGXN��� PDND� GLSHUOXNDQ� PDUND�

SHPEHGD�� 0DUND� VHSHUWL� LQL� GDSDW� GLVHEXW� VHEDJDL�

PDUND� LGHQWLILHU�� 6ROXVL� LGHQWLILHU� LQL� PLULS� GHQJDQ�

NDVXV�GDODP�PHPEHGDNDQ�GXD�YDULHWDV�WRPDW�GHQJDQ�

WDPEDKDQ� GXD� ORNXV� \DQJ� WDGLQ\D� WLGDN� GDSDW�

GLEHGDNDQ� GLDQWDUD� ���-DQ� YDULHWDV� NRPHUVLDO� \DQJ�

GLDQDOLVLV�GHQJDQ����PDUND�665��%UHGHPHLMHU�HW�DO��

������ 

9DULHWDV-YDULHWDV� ORNDO� \DQJ� PHPLOLNL� ,'�

NKXVXV� DNDQ� EDQ\DN� VHNDOL� PDQIDDWQ\D� WHUPDVXN�

GDODP�PHPHFDKNDQ�GXSOLNDVL� YDULHWDV�NDUHQD� VDODK�

SHODEHODQ�� SHQFDPSXUDQ� EHQLK� VHODPD� SURVHVLQJ�

�&KDHUDQL�HW�DO��������/HVWDUL�HW�DO���������PHPEDQWX�

PHPLVDKNDQ� YDULHWDV-YDULHWDV� \DQJ� PHPSXQ\DL�

NHLGHQWLNDQ�QDPD�GDQ�IHQRWLS��6DQWRVR�HW�DO���������

DWDXSXQ�YDULHWDV�ORNDO�VXSHULRU�\DQJ�SHUOX�GLSURWHNVL�

VHVXDL� NDUDNWHU� IHQRWLSQ\D� �3URKHQV� HW� DO�� �������

%HEHUDSD� YDULHWDV� ORNDO� GHQJDQ�QDPD� VDPD�QDPXQ�

GDUL�GDHUDK�\DQJ�EHUEHGD�DWDX�PXQJNLQ�VHEHQDUQ\D�

YDULHWDV�\DQJ�VDPD�QDPXQ�SHQDPDDQ�\DQJ�EHUEHGD�

VHVXDL� GDHUDK�� DNDQ� GDSDW� GLWHOXVXUL� PHODOXL� ,'�

JHQHWLN� LQL�� ,'� LQL� MXJD� PHPEDQWX� MLND� VXDWX� VDDW�

YDULHWDV� ORNDO� LQL� NDUHQD� NDUDNWHU� PRUIR-DJURQRPL�

\DQJ� XQJJXO� DNKLUQ\D� GLSXWLKNDQ� XQWXN� GLOHSDV��

PDND�LGHQWLWDV�JHQHWLN�VXGDK�WHUVHGLD��,QIRUPDVL�,'�

YDULHWDV� ORNDO� NHGHODL� ,QGRQHVLD� WHUVHEXW� DNDQ�



���� 

3HQJHPEDQJDQ�,GHQWLWDV�6SHVLILN�%HUEDVLV�0DUND�665� 

EHUJXQD� VHEDJDL� UHIHUHQVL� \DQJ� GLDNRPRGLU� GDODP�

GDWDEDVH� \DQJ� PHOHQJNDSL� GDWD� IHQRWLS� XQWXN�

PHPEDQWX�SHQJHORODDQ�SODVPD�QXWIDK�NHGHODL�� 

'HQJDQ�GHPLNLDQ�VHW�PDUND�VDQJDW�EHUPDQIDDW�

XQWXN�PHQGDSDWNDQ� VLGLN� MDUL� JHQHWLN� YDULHWDV� ORNDO�

\DQJ�GDSDW�GLLGHQWLILNDVL�VHFDUD�VSHVLILN�GDQ�WHUSLVDK�

GDUL�VXE�NODVWHU�YDULHWDV�ORNDO�ODLQQ\D�\DQJ�DNKLUQ\D�

PHQJDUDKNDQ� SHPDQIDDWDQQ\D� VHKXEXQJDQ� GHQJDQ�

LQGLNDVL� JHRJUDIL� GDQ� DVDO� XVXOQ\D�� 6LVWHP� NRGLQJ�

GLJLWDO�VHEDJDL�LGHQWLWDV�JHQHWLN�YDULHWDV�ORNDO�NHGHODL�

,QGRQHVLD�GDODP�VWXGL�LQL�PHOHQJNDSL�VLVWHP�NRGLQJ�

VHEHOXPQ\D�VHSHUWL�GL� -HSDQJ�\DQJ�EHUWXMXDQ�XQWXN�

PHPSURWHNVL� SDGL� SUHPLXP� .RVKLKLNDUL� GDUL�

SHPDOVXDQ� PHVNLSXQ� GHQJDQ� SHQGHNDWDQ� ODLQ�

�2KWVXER� HW� DO�� ������� 3HQJHPEDQJDQ� VHW� PDUND�

WLGDN� KDQ\D� GLDSOLNDVLNDQ� GL� NHGHODL� NRPHUVLDO� GDQ�

YDULHWDV� HOLW� �6RQJ� HW� DO�� ������ QDPXQ� MXJD� SDGD�

VSHVLHV� WDQDPDQ� ODLQ� VHSHUWL� YDULHWDV� WHURQJ� ORNDO�

�3URKHQV� HW� DO�� ������� WRPDW� �%UHGHPHLMHU� HW� DO��

������� WHEX� �+DPHHG� HW� DO�� ������ GDQ� ODLQQ\D��

6XVXQDQ� VHW� PDUND� LGHQWLWDV� NHPXQJNLQDQ� DNDQ�

EHUXEDK�VHMDODQ�GHQJDQ�SHQDPEDKDQ�YDULHWDV��QDPXQ�

PHWRGH� GDQ� WHNQLN� \DQJ� GLJXQDNDQ� GDODP�

PHQJHPEDQJNDQ� VHW� PDUND� LGHQWLWDV� GDSDW�

GLDSOLNDVLNDQ� VHFDUD� NRQVLVWHQ�� 3HQJHPEDQJDQ� ,'�

NHGHODL� ORNDO� GDODP� VWXGL� LQL� GDSDW� GLWHUDSNDQ� GL�

,QGRQHVLD��WHUXWDPD�XQWXN�PHOLQGXQJL�SODVPD�QXWIDK�

ORNDO�SHQFLWUD�GDHUDK�WHUWHQWX�GL�,QGRQHVLD�� 

 

.(6,038/$1 

 

%HUGDVDUNDQ�DQDOLVLV�SROLPRUILVPH�GDQ�NODVWHU��

VHEXDK�VHW�PDUND�WHODK�GLIRUPXODVL�XQWXN�LGHQWLILNDVL�

YDULHWDV�NHGHODL�ORNDO�,QGRQHVLD��6HW�PDUND�LGHQWLWDV�

WHUGLUL� DWDV� HQDP� ORNXV� 665�\DLWX� 6DWW���-6DWW���-

6DWW���-6DWW���-6DWW���-6DWW���� \DQJ� EHUKDVLO�

PHQGLIHUHQVLDVL�GHQJDQ�NHEHUKDVLODQ�����GDUL� WRWDO�

���YDULHWDV�����YDULHWDV�ORNDO�NHGHODL� WHODK�PHPLOLNL�

,'� JHQHWLN� GDODP� ��� GLJLW� VHFDUD� VSHVLILN� WLDS�

YDULHWDV��,GHQWLWDV�VSHVLILN�,'�LQL�PHOHQJNDSL�NDUDNWHU�

VSHVLILN�PRUIRORJL�XQWXN�SHUOLQGXQJDQ�YDULHWDV�ORNDO�

GHQJDQ� VWDWXV� DVDO� JHRJUDIL� \DQJ� SHQWLQJ� GDODP�

SHQJHPEDQJDQ�SHUWDQLDQ�NHGHODL�NH�GHSDQQ\D� 

� 

'$)7$5�3867$.$ 

 

%UHGHPHLMHU��0���-��&RRNH��:��*DQDO��5��3HHWHUV��3��

,VDDF��<��1RRUGLMN��6��5HQGHOO�� -�� -DFNVRQ��6��

5RGHU�� .�� :HQGHKDNH�� 0�� 'LMFNV�� 0��

$PHODLQH�� 9�� :LFNDHUW�� /�� %HUWUDQG�� 	� %��

9RVPDQ�� ������ &RQVWUXFWLRQ� DQG� WHVWLQJ� RI� D�

PLFURVDWHOOLWH�FRQWDLQLQJ�PRUH�WKDQ�����WRPDWR�

YDULHWLHV�� 7KHRUHWLFDO� DQG� $SSOLHG� *HQHWLFV��

���������-����� 

&DK\DULQL�� 5'��� $�� <XQXV�� 	� (�� 3XUZDQWR�� ������

,GHQWLILNDVL� NHUDJDPDQ� JHQHWLN� EHEHUDSD�

YDULHWDV� ORNDO� NHGHODL� GL� -DZD� EHUGDVDUNDQ�

DQDOLVLV�LVR]LP��$JURVDLQV�������-��� 

&KDHUDQL�� 1�� +LGD\DWXQ�� 	� ':�� 8WDPL�� ������

3HQJHPEDQJDQ� VHW� PXOWLSOHNV� SHQDQGD� '1$�

PLNURVDWHOLW�XQWXN�DQDOLVLV�YDULDVL�JHQHWLN�SDGL�

GDQ�NHGHODL��-XUQDO�$JURELRJHQ�������-��� 

&KDHUDQL�� 1�� +LGD\DWXQ�� 	� ':�� 8WDPL�� ������

.HUDJDPDQ�JHQHWLN����YDULHWDV�SODVPD�QXWIDK�

NHGHODL� EHUGDVDUNDQ� ��� SHQDQGD� PLNURVDWHOLW��

-XUQDO�$JRELRJHQ�������-���� 

&KR��*7���-��/HH��-.��0RRQ��06��<RRQ��+-��%DHN��

-+��.DQJ��	�1&��3DHN��������*HQHWLF�GLYHUVLW\�

DQG� SRSXODWLRQ� VWUXFWXUH� RI� .RUHDQ� VR\EHDQ�

ODQGUDFH� �*O\FLQH�PD[� �/���0HUU��� -RXUQDO� RI�

&URS�6FLHQFH�DQG�%LRWHFKQRORJ\��������-��� 

&RPPLVVLRQ� RI� WKH� (XURSHDQ� &RPPXQLWLHV�� ������

&RXQFLO�5HJXODWLRQ� �(&��1R�����������RI����

0DUFK������RQ�WKH�SURWHFWLRQ�RI�JHRJUDSKLFDO�

LQGLFDWLRQV� DQG� GHVLJQDWLRQV� RI� RULJLQ� IRU�

DJULFXOWXUDO� SURGXFWV� DQG� IRRGVWXIIV�� 2IILFLDO�

-RXUQDO�RI�WKH�(XURSHDQ�8QLRQ�/�����-��� 

'LZDQ��1��	�3%��&UHJDQ��������$XWRPDWHG�VL]LQJ�RI�

IOXRUHVFHQW-ODEHOHG� VLPSOH� VHTXHQFH� UHSHDW�

�665�� PDUNHUV� WR� DVVD\� JHQHWLF� YDULDWLRQ� LQ�

VR\EHDQ��7KHRUHWLFDO�DQG�$SSOLHG�*HQHWLFV������

���-���� 

*KRVK��-���3'��*KRVK��	�35��&KRXGKXU\��������$Q�

DVVHVVPHQW� RI� JHQHWLF� UHODWHGQHVV� EHWZHHQ�

VR\EHDQ� FXOWLYDUV� XVLQJ� 665� PDUNHUV��

$PHULFDQ�-RXUQDO�RI�3ODQW�6FLHQFHV���������-

����� 

+DPHHG��8���<%��3DQ��.��0XKDPPDG��6��$IJKDQ��	�

-�� ,TEDO��������8VH�RI�VLPSOH�VHTXHQFH�UHSHDW�

PDUNHUV� IRU�'1$�ILQJHUSULQWLQJ�DQG�GLYHUVLW\�

DQDO\VLV�RI�VXJDUFDQH��6DFFKDUXP�VSS���FXOWLYDU�

UHVLVWDQW� DQG� VXVFHSWLEOH� WR� UHG� URW�� *HQHWLFV�

DQG�0ROHFXODU�5HVHDUFK����������-����� 

+HFNHQEHUJHU��0���0��%RKQ��-6��=LHJOH��/.��-RH��-'��

+DXVHU�� 0�� +XWWRQ�� 	� $��0HOFKLQJHU�� ������

9DULDWLRQ� RI� '1$� ILQJHUSULQWV� DPRQJ�

DFFHVVLRQV� ZLWKLQ� PDL]H� LQEUHG� OLQHV� DQG�

LPSOLFDWLRQV� IRU� LGHQWLILFDWLRQ� RI� HVVHQWLDOO\�

GHULYHG� YDULHWLHV�� ,�� *HQHWLF� DQG� WHFKQLFDO�

VRXUFHV� RI� YDULDWLRQ� LQ� 665� GDWD��0ROHFXODU�
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%UHHGLQJ���������-���� 

+HQU\�� 5-�� ������ 3ODQW� JHQRW\SLQJ�� WKH� '1$�

ILQJHUSULQWLQJ�RI�SODQWV��&$%,�3XEOLVKLQJ��8.� 

-DLQ��6���5.��-DLQ��	�65��0F&RXFK��������*HQHWLF�

DQDO\VLV� RI� ,QGLDQ� DURPDWLF� DQG� TXDOLW\� ULFH�

�2U\]D� VDWLYD�/��� JHUPSODVP�XVLQJ� SDQHOV� RI�

IOXRUHVFHQWO\� ODEHOHG� PLFURVDWHOOLWH� PDUNHUV��

7KHRUHWLFDO� DQG� $SSOLHG� *HQHWLFV�� ����� ���-
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-HIIUH\V�� $-��� 9�� :LOVRQ�� 	� 6/�� 7KHLQ�� ������

,QGLYLGXDO� VSHFLILF� ILQJHUSULQWV� RI� KXPDQ�
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-RQHV�� /��� 6�� :DOO�� %�� 1HOVRQ�� 	� 6�� 6PLWK�� ������

9DULHWDV� LGHQWLILFDWLRQ� LQ� PDL]H� DUH� VL[WHHQ�

613� PDUNHUV� VXIILFLHQW"� :RUNLQJ� *URXS� RQ�

%LRFKHPLFDO� DQG� 0ROHFXODU� 7HFKQLTXHV� DQG�

'1$�3URILOLQJ�LQ�3DUWLFXODU��2WWDZD��&DQDGD� 

.HLP��2���7��2OVRQ��	�5��6KRHPDNHU��������$�UDSLG�

SURWRFRO�IRU�LVRODWLQJ�VR\EHDQ�'1$���6R\EHDQ�

*HQHWLFV�1HZVOHWWHU���������-����� 
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,GHQWLILNDVL� GDQ� DSOLNDVL�PDUND� EHUEDVLV� 3&5�

XQWXN� LGHQWLILNDVL� YDULHWDV� SDGL� GHQJDQ�
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6KL��%��=KDQJ��6��=KX��	�/��4LX��������*HQHWLF�

VWUXFWXUH� DQG� GLYHUVLW\� RI� FXOWLYDWHG� VR\EHDQ�

�*O\FLQH�PD[� �/���0HUU��� ODQGUDFHV� LQ�&KLQD��

7KHRUHWLFDO� DQG� $SSOLHG� *HQHWLFV�� ����� ���-
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/LX��0���0��=KDQJ��:��-LDQJ��*��6XQ��+��=KDR��	�6��

+X�� ������ *HQHWLF� GLYHUVLW\� RI� 6KDDQ[L�

VR\EHDQ� ODQGUDFHV� EDVHG� RQ� DJURQRPLF� WUDLWV�

DQG� 665� PDUNHUV�� $IULFDQ� -RXUQDO� RI�

%LRWHFKQRORJ\����������-����� 

/XFH��&���-/��1R\HU��'��7KDUUHDX��1��$KPDGL��	�+��

)H\W��������7KH�XVH�RI�PLFURVDWHOOLWH�PDUNHUV�

WR� H[DPLQH� WKH� GLYHUVLW\� RI� WKH� JHQHWLF�

UHVRXUFHV� RI� ULFH� �2U\]D� VDWLYD�� DGDSWHG� WR�

(XURSHDQ� FRQGLWLRQ��$FWD�+RUWLFXOWXUDH�� �����
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0DXJKDQ�� 3-���0$6��0DURRI�� 	� 5*�� %XVV�� ������

0LFURVDWHOOLWH� DQG� DPSOLILHG� VHTXHQFH� OHQJWK�

SRO\PRUSKLVPV�LQ�FXOWLYDWHG�DQG�ZLOG�VR\EHDQ��

*HQRPH���������-���� 
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$VVHVVLQJ�WKH�JHQHWLF�GLYHUVLW\�RI�FXOWLYDUV�DQG�

ZLOG� VR\EHDQV� XVLQJ� 665� PDUNHUV�� $IULFDQ�

-RXUQDO�RI�%LRWHFKQRORJ\���������-������ 

0RQGHQ�� <��� $�� <DPDPRWR�� $�� 6KLQGR�� 	� 0��

7DKDUD�� ������ (IILFLHQW� '1$� ILQJHUSULQWLQJ�

EDVHG� RQ� WKH� WDUJHWHG� VHTXHQFLQJ� RI� DFWLYH�

UHWURWUDQVSRVRQ� LQVHUWLRQ� VLWHV� XVLQJ� D� EHQFK-

WRS� KLJK-� WKURXJKSXW� VHTXHQFLQJ� SODWIRUP��

'1$�5HVHDUFK���������-���� 

0XODWR��%0���0��0ROOHU��0,��=XFFKL��9��4XHFLQL��	�

-%� 3LQKHLUR�� ������ *HQHWLF� GLYHUVLW\� LQ�

VR\EHDQ� JHUPSODVP� LGHQWLILHG� E\� 665� DQG�

(67-665� PDUNHUV�� 3HVTXLVD� $JURSHFXiULD�

%UDVLOHLUD���������-���� 
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6KRHPDNHU�� ������'HYHORSPHQW� RI�PXOWLSOH[�

VHWV�RI�VLPSOH�VHTXHQFH�UHSHDW�'1$�PDUNHUV�
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2KWVXER�� .,� 	� 6�� 1DNDPXUD�� ������ &XOWLYDU�

LGHQWLILFDWLRQ� RI� ULFH� �2U\]D� VDWLYD� /��� E\�

SRO\PRUSKLVP� FKDLQ� UHDFWLRQ�PHWKRG� DQG� LWV�

DSSOLFDWLRQ�WR�SURFHVVHG�ULFH�SURGXFWV��-RXUQDO�

RI�$JULFXOWXUDO�)RRG�DQG�&KHPLVWU\����������-
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$SSOLFDWLRQ� RI� PLFURVDWHOOLWH� DQG� 5$3'�

ILQJHUSULQWV� LQ� WKH� )ORULGD� VXJDUFDQH� YDULHW\�

SURJUDP�� 6XJDU� &DQH� ,QWHUQDWLRQDO� 0DUFK�
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1XH]��������8VH�RI�PROHFXODU�PDUNHUV�IRU�WKH�

HQKDQFHPHQW� RI� ORFDO� YDULHWLHV� RI� YHJHWDEOHV�

IRU� SURWHFWHG� GHVLJQDWLRQV� RI� RULJLQ� GDQ�

JHRJUDSKLFDO�LQGLFDWLRQV��%XOOHWLQ�RI�8QLYHUVLW\�

RI� $JULFXOWXUDO� 6FLHQFHV� DQG� 9HWHULQDU\�

0HGLFLQH� &OXM-1DSRFD�� +RUWLFXOWXUH�� ���� ��-
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3HQJHPEDQJDQ�,GHQWLWDV�6SHVLILN�%HUEDVLV�0DUND�665� 

DQ� HQULFKHG� JHQRPLF� OLEUDU\� IRU� JHQHWLF�
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3%��&UHJDQ�� ������7KH� XVH� RI�PLFURVDWHOOLWHV�

'1$� PDUNHUV� IRU� VR\EHDQ� JHQRW\SH�

LGHQWLILFDWLRQ�� 7KHRUHWLFDO� DQG� $SSOLHG�

*HQHWLFV��������-��� 

6DQWRVR��7-���':��8WDPL��	�(��6HSWLQLQJVLK��������

$QDOLVLV�VLGLN�MDUL�'1$�SODVPD�QXWIDK�NHGHODL�

PHQJJXQDNDQ� PDUNDK� 665�� -XUQDO� $JUR-

ELRJHQ�������-�� 

6DDG��5��������'LVFRYHU\��GHYHORSPHQW�DQG�FXUUHQW�

DSSOLFDWLRQ� '1$� LGHQWLW\� WHVWLQJ�� %80&�

3URFHHGLQJV��������-���� 

6KDURSRYD�� 1��� 0'�� 0F0XOOHQ�� /�� 6FKXOW]�� 6��

6FKURHGHU��+��6DQFKH]-9LOOHGD��-��*DUGLQHU��'��

%HUJVWURP��.��+RXFKLQV��6��0HOLD-+DQFRFN��7��
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'DYLV��	�(+�-U��&RH��������'HYHORSPHQW�DQG�

PDSSLQJ� RI� 665� PDUNHUV� IRU� PDL]H�� 3ODQW�
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6LOYD�� -�� 	� -�� %UHVVLDQL�� ������ 6XFURVH� V\QWKDVH�

PROHFXODU� PDUNHU� DVVRFLDWHG� ZLWK� VXJDU�
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������665�DQG�$)/3�EDVHG�JHQHWLF�GLYHUVLW\�

RI�VR\EHDQ�JHUPSODVP�GLIIHULQJ�LQ�SKRWRSHULRG�

VHQVLWLYLW\��*HQHWLFV� DQG� 0ROHFXODU� %LRORJ\��
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+5�� %RHUPD�� -/�� 6WUDFKDQ�� 	� 3%�� &UHJDQ��

������ $� VHOHFWHG� VHW� RI� WULQXFOHRWLGH� VLPSOH�

VHTXHQFH� UHSHDW�PDUNHUV� IRU� VR\EHDQ� FXOWLYDU�
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DQDO\VLV�RI�VR\EHDQ��*O\FLQH�PD[� �/���0HUU���

JHQHWLF� UHODWLRQVKLS� DQG�YDULHWDO� LGHQWLILFDWLRQ�

LQ� 7KDLODQG�� $XVWUDOLDQ� -RXUQDO� RI� &URS�
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7KRPVRQ��0-��������0LFURVDWHOOLWH� IUDJPHQW�6L]LQJ�

RQ� WKH� &(4� ������ %%-%LRJHQ� 6WDQGDUG�

2SHUDWLQJ� 3URFHGXUH� 6HULHV�� �-���� %RJRU��

,QGRQHVLDQ� &HQWHU� IRU� $JULFXOWXUDO� %LRWHFK-

QRORJ\�DQG�*HQHWLF�5HVRXUFHV�5HVHDUFK�DQG�

'HYHORSPHQW� 
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4LX�� ������ *HQHWLF� GLYHUVLW\� RI� FODVVLF�
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=KX��<)���*&��4LQ��-��+X��<��:DQJ��-&��:DQJ��	�

6-�� =KX�� ������ )LQJHUSULQWLQJ� DQG� YDULHW\�
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VLPSOH�VHTXHQFH�UHSHDW�PDUNHUV��3ODQW�2PLFV�
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