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CARACTERIZACIÓN DE LAS ESPECIES POPULUS ALBA L., POPULUS
TREMULA L. Y POPULUS X CANESCENS (Ait.) Sm. MEDIANTE CARACTERES

MORFOLÓGICOS Y MARCADORES MOLECULARES.

'H�/XFDV�$�O��6LHUUD�5��&ULVWyEDO�0�'��/ySH]�8��6DQ�0DUWtQ�5��0DUWtQH]�3�'HSDUWDPHQWR�GH�3URGXFFLyQ�9HJHWDO�\�6LOYRSDVFLFXOWXUD��(76,,$$��3DOHQFLD�$YGD�GH�0DGULG�����3DOHQFLD��6SDLQ��
5(680(1
6H�KD� UHDOL]DGR�XQ�HVWXGLR�GH� OD�HVWUXFWXUD�GH� ODV�SREODFLRQHV�GH�HVSHFLHV�GH�FKRSRV�DXWyFWRQRV�3RSXOXV� WUHPXOD /���3RSXOXV�DOED /�� \�3RSXOXV� [� FDQHVFHQV �$LW��� 6P��� GDGR� TXH� VX� LGHQWLILFDFLyQ�FDUDFWHUL]DFLyQ� PRUIROyJLFD� \� HQVD\R� FRPR� PDWHULDO� JHQpWLFR� SXHGH� FRQGXFLU� D� OD� REWHQFLyQ� GHLQGLYLGXRV� DGDSWDGRV� D� WHUUHQRV� PDUJLQDOHV� \� UHVWDXUDFLyQ� GH� ]RQDV� GH� ULEHUD� GHJUDGDGDV�� /DFDUDFWHUL]DFLyQ� GH� HVWDV� HVSHFLHV� VH� KD� UHDOL]DGR� PHGLDQWH� DQiOLVLV� PRUIROyJLFRV� \� DQiOLVLVLVRHQ]LPiWLFRV��6H�KDQ�HQFRQWUDGR�SDUiPHWURV�PRUIROyJLFRV�GLVFULPLQDQWHV�HQWUH�HVSHFLHV�\�SDWURQHVGH�EDQGDV�LVRHQ]LPiWLFDV�TXH�SXHGHQ�XWLOL]DUVH�FRPR�UHVXOWDGRV�SUHOLPLQDUHV�HQ�OD�GLIHUHQFLDFLyQ�GHHVSHFLHV�D�QLYHO�JHQpWLFR�
3$/$%5$6�&/$9(� 3��DOED��3�[�FDQHVFHQV��3��WUHPXOD��LVRHQ]LPDV��FDUDFWHUL]DFLyQ��3DOHQFLD�
6800$5<
1DWLYH� DVSHQ� �3RSXOXV� WUHPXOD /���3RSXOXV� DOED /�� $QG�3RSXOXV� [� FDQHVFHQV �$LW��� 6P��� VWUXFWXUHSRSXODWLRQ�LV�VWXGLHG�LQ�GHSWK�VLQFH�LWV�LQGHQWLILFDWLRQ��PRUSKRORJLFDO�FKDUDFWHUL]DWLRQ�DQG�JHQHWLF�WHVWPLJKW�DFKLHYH�DGDSWHG�LQGLYLGXDOV�WR�PDUJLQDO�VLWHV�DQG�ULYHU�EDQNV�UHVWRUDWLRQ��7KH�FKDUDFWHUL]DWLRQRI� WKHVH� VSHFLHV� KDV� EHHQ� PDGH� WKURXJK� PRUSKRORJLFDO� DQG� LVRHQ]\PDWLF� DQDO\VLV�� 'LVFULPLQDQWPRSKRORJLFDO�SDUDPHWHUV�KDYH�EHHQ�IRXQG�EHWZHHQ�VSHFLHV�DQG�LVRHQ]\PDWLF�EDQG�SDWWHUQV��PD\�EHXVHG�DV�SUHOLPLQDU�UHVXOWV�LQ�RUGHU�WR�JHW�JHQHWLF�OHYHO�VSHFLHV�GLIIHUHQWLDWLRQ�
.(<�:25'6� 3��DOED��3�[�FDQHVFHQV��3��WUHPXOD��LVR]\PHV��FKDUDFWHUL]DWLRQ��3DOHQFLD
,1752'8&&,Ï1
(O�OLPLWDGR�Q~PHUR�GH�FORQHV�VREUH�HO�TXH�VH�VXVWHQWD� OD�SRSXOLFXOWXUD�HVSDxROD�� ODPD\RUtD� GH� SURFHGHQFLD� IRUiQHD�� KDFH� TXH� D� PHGLR� SOD]R�� SXHGDQ� SODQWHDUVHSUREOHPDV�GH�LQDGDSWDFLyQ�\�XQD�SpUGLGD�GH�UHFXUVRV�JHQpWLFRV��3DGUy��������
(O� FXOWLYR�GH�HVWRV� FORQHV�H[WUDQMHURV� VH� OLPLWD�HQ� OD� SUiFWLFD� D� WHUUHQRV�GH�EXHQDFDOLGDG�� GRQGH� VH� SXHGHQ� ORJUDU� UHQGLPLHQWRV� ySWLPRV�� ([LVWH� SRU� WDQWR�� XQDFDUHQFLD�GH�FORQHV�DOWHUQDWLYRV�DGDSWDGRV�D�WHUUHQRV�DUFLOORVRV��FRQ�VDOHV�R�HVFDVDGLVSRQLELOLGDG�GH�DJXD��*UDX��������3DGUy��������
(VWH�WLSR�GH�WHUUHQRV�H[LVWHQ�HQ�DOJXQDV�iUHDV�GH�OD�FRPDUFD�SDOHQWLQD�GHO�&HUUDWR�6XHORV� GH� YDOOH� FDUDFWHUL]DGRV� SRU� XQ� DOWR�S+�� DOWR� FRQWHQLGR� HQ� FDOL]D� DFWLYD� \HOHYDGRV�FRQWHQLGRV�HQ�\HVR�\� WH[WXUDV�IUDQFDV�R�IUDQFR�DUFLOORVDV��'HO�3HVR�HW�DO��������\�VREUH�HOORV�VH�KDQ�HQFRQWUDGR�HMHPSODUHV�GH�iODPRV�FRQ�XQ�DVSHFWR�PX\VLPLODU� D�3RSXOXV� WUHPXOD�� 6X� SUHVHQFLD� HQ� XQD� ]RQD� IXHUD� GHO� UDQJR� HFROyJLFR� \JHRJUiILFR�KDELWXDO�GH�OD�HVSHFLH��KDFHQ�SHQVDU�TXH�UHDOPHQWH�VRQ�KtEULGRV�HQWUH�3�
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DOED \�3�� WUHPXOD �3��[�FDQHVFHQV��TXH�HQ� OD�&RPDUFD�GHO�&HUUDWR HV GHQRPLQDGRFRPR�3��[�FHUUDWHQVLV SRU�2ULD�GH�5XHGD��������
/D�H[FHOHQWH�SUHVHQFLD�GH�UHJHQHUDFLyQ�SURFHGHQWH�GH�UHQXHYRV�GH�UDt]�\�HO�HVWDGRVDQLWDULR�DFHSWDEOH�GH� OD�PD\RUtD�GH� ODV�PDVDV��KDFH�TXH�HVWDV� WHQJDQ�FDSDFLGDGSDUD� SHUSHWXDUVH� HQ� HO� WLHPSR�� (VWD� HVSHFLH� DGHPiV�� SXHGH� DFRJHUVH� D� ODVVXEYHQFLRQHV�GH� OD�3$&��VXSRQLHQGR�XQD�FODUD�DOWHUQDWLYD�D�RWUDV�HVSHFLHV�HQ� ODVUHSREODFLRQHV� GH� FDUiFWHU� SURWHFWRU� R� UHVWDXUDGRU� GH� ODV� ]RQDV� GH� ULEHUD� HQ� ODVFRPDUFDV�GH�HVWXGLR��DVt�FRPR�SDUD�DPSOLDU�OD�EDVH�FORQDO�GH�QXHVWUD�SRSXOLFXOWXUD�
6X�LGHQWLILFDFLyQ��FDUDFWHUL]DFLyQ�\�HQVD\R�FRPR�PDWHULDO�JHQpWLFR��SXHGH�FRQGXFLU�DOD�REWHQFLyQ�GH�LQGLYLGXRV�GH�JUDQ�LQWHUpV�SDUD�HVWDV�H[SHFWDWLYDV�
0$7(5,$/(6�<�0e72'26
/XJDUHV�GH�UHFROHFFLyQ
/D�HOHFFLyQ�GH� URGDOHV�GH� ODV�HVSHFLHV��3RSXOXV� WUHPXOD��iUHDV�GH�PRQWDxD�� 3��[FDQHVFHQV��GRV�JUXSRV��HO�VLWXDGR�HQ�7LHUUD�GH�&DPSRV�DO�TXH�VH�GHQRPLQDUi�3��[FDQHVFHQV�\ HO� TXH� VH� VLW~D� HQ� OD� FRPDUFD� GHO� &HUUDWR� TXH� VH� GHQRPLQDUi3�� [FHUUDWHQVLV��\ 3�DOED��VH�UHDOL]y�D�SDUWLU�GH�LQYHQWDULRV�HODERUDGRV�HQ�OD�SURYLQFLD�GH3DOHQFLD�SRU�GH�/XFDV�HQ������\�SRU�'HO�3HVR�HQ������UHVSHFWLYDPHQWH�
6H�VHOHFFLRQDURQ���URGDOHV�GH�FDGD�HVSHFLH��H[FHSWR�GH�3��[�FHUUDWHQVLV� TXH�IXHURQ��� EDViQGRVH� HQ� FULWHULRV� GH� RULJHQ� VXSXHVWDPHQWH� QR� DQWUySLFR� GH� ODV� PDVDV�PDVDV� IRUPDGDV� SRU� HO� PD\RU� Q~PHUR� GH� SLHV� SRVLEOHV� \� GLVWDQFLD� HQWUH� URGDOHVVXILFLHQWHPHQWH� JUDQGH� FRPR�SDUD�SRGHU� UHSUHVHQWDU� OD�Pi[LPD� YDULDELOLGDG� GH� ODHVSHFLH�HQ�OD�]RQD�GH�HVWXGLR�
6LVWHPiWLFD�\�PDWHULDOHV�XWLOL]DGRV�HQ�OD�UHFRJLGD�GHO�PDWHULDO�YHJHWDWLYR
6H� HOLJLHURQ� \� PDUFDURQ� ��� iUEROHV� HQ� FDGD� URGDO� GH� IRUPD� DOHDWRULD� \KRPRJpQHDPHQWH�UHSDUWLGRV�SRU�OD�PDVD��&RQ�HVWRV�PLVPRV�FULWHULRV��VH�HVFRJLHURQ��GH�HOORV�SDUD�OD�WRPD�GH�PXHVWUDV�GH�ORV�FDUDFWHUHV�PRUIROyJLFRV�D�HVWXGLDU��KRMDV�EUiFWHDV�\�FRORUDFLyQ�GH�OD�FRUWH]D�
(QWUH�ORV�PHVHV�GH�0DU]R�\�$EULO�GH�������VH�WRPDURQ�GDWRV�GH�OD�pSRFD�GH�IORUDFLyQGH�FDGD�HVSHFLH�\�VH�UHDOL]y�OD�UHFRJLGD�GH�DPHQWRV��/DV�PHGLFLRQHV�VH�HIHFWXDURQHQ���DPHQWRV�GH�FDGD�iUERO�\�GH�FDGD�XQR�GH�HOORV�VH�H[WUDMHURQ���EUiFWHDV��XQD�GHOH[WUHPR��RWUD�GH�OD�]RQD�LQWHUPHGLD�\�OD�~OWLPD�GH�OD�EDVH�GHO�DPHQWR�
'XUDQWH�HO�PHV�GH�-XOLR�GHO�PLVPR�DxR��VH�UHDOL]y�OD�UHFRJLGD�GH�PXHVWUDV�IROLDUHV�\OD� WRPD� GH� GDWRV� GH� FRORUDFLyQ� GH� FRUWH]D�� (Q� FDGD� XQR� GH� ORV� �� iUEROHV�� VHVHOHFFLRQDURQ�ODV�KRMDV�VLJXLHQGR���FULWHULRV�EiVLFRV��TXH� OD�UDPD�FRQVWH�DO�PHQRVGH� �� EUDTXLEODVWRV� \� TXH� ODV� KRMDV� QR� HVWpQ� DWDFDGDV� SRU� GHIROLDGRUHV�� 'H� FDGDUDPD�VH�HOLJLHURQ���EUDTXLEODVWRV�\�VH�WRPy�XQD�KRMD�GH�HOORV��SUHIHUHQWHPHQWH�GHOH[WUHPR��VLJXLHQGR�OD�PHWRGRORJtD�GH�%DUQHV���������������3DUD� OD�FDUDFWHUL]DFLyQ
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GH� OD� FRORUDFLyQ� GH� OD� FRUWH]D�� VH� HODERUy� XQD� SDOHWD� GH� FRORUHV�� D� OD� TXH� VH� OHDVLJQy�XQ�FyGLJR�QXPpULFR�TXH�IDFLOLWDVH�HO�SRVWHULRU�DQiOLVLV�GH�GDWRV�
,JXDOPHQWH�VH�WRPDURQ�GDWRV�GH�pSRFD�GH�FDtGD�GH�KRMDV�HQ�PHVHV�SRVWHULRUHV�
0HGLFLRQHV� GH� PDWHULDO� YHJHWDWLYR� \� PHWRGRORJtD� HVWDGtVWLFD� XWLOL]DGD� HQ� VXHVWXGLR
/RV� SDUiPHWURV� IROLDUHV� HOHJLGRV� SDUD� UHDOL]DU� HO� HVWXGLR� HVWDGtVWLFR�� KDQ� VLGR� ORVGHWHUPLQDGRV� SRU� RWURV� DXWRUHV� SDUD� FDUDFWHUL]DFLyQ� GH� HVSHFLHV� GH� OD� VHFFLyQ/HXFH��%DUQHV�HW�DO��������������&XORW��������/RV����FDUDFWHUHV�FRQVLGHUDGRV�VRQORV�VLJXLHQWHV��/RQJLWXG�GHO�SHFLROR��3/���ORQJLWXG�GHO�OLPER��%/���DQFKXUD�Pi[LPD�GHOOLPER��:0D[���SRVLFLyQ�GH�OD�Pi[LPD�DQFKXUD�GHO�OLPER��0%:3���DQFKXUD�GHO�OLPERDO������:������DQFKXUD�GHO� OLPER�DO������:������SHUtPHWUR�GHO� OLPER��%3���iUHDGHO�OLPER��%$���Q~PHUR�GH�GLHQWHV��71���iQJXOR�GHO�OLPER�DO������%$�����\�iQJXORGHO� OLPER� DO� ���� �%$������ 3DUD� UHDOL]DU� ODV� PHGLFLRQHV� GH� OD� PD\RUtD� GH� ORVSDUiPHWURV� IROLDUHV� VH� XWLOL]y� HO� SURJUDPD� LQIRUPiWLFR�:LQIROLD� �5HJHQW� ,QWUXPHQWV,QF��9HUVLyQ����D���SUHYLR�HVFDQHDGR�GH�ODV�KRMDV�
/RV� SDUiPHWURV� GH� ODV� EUiFWHDV� GLVFULPLQDQWHV� HQWUH�3�� WUHPXOD�� 3�� DOED \� 3�� [FDQHVFHQV VRQ�/RQJLWXG�GH�EUiFWHD��DQFKXUD�GH�EUiFWHD�\�Q~PHUR�GH�GLHQWHV��&XORW��������/D�PHGLFLyQ�GH�HVWRV�SDUiPHWURV� WXYR�TXH�UHDOL]DUVH�GH�IRUPD�PDQXDO��FRQXQD�OXSD�GH���DXPHQWRV�\�FRORFDQGR�ODV�PXHVWUDV�VREUH�XQD�FXDGUtFXOD�PLOLPHWUDGD�GDQGR�OHFWXUDV�GH�DQFKR�\�DOWR�FRQ�XQD�DSUHFLDFLyQ�GH�����PP�
7RGRV� ORV� DQiOLVLV� HVWDGtVWLFRV� IXHURQ� FRQIHFFLRQDGRV� FRQ�HO� SURJUDPD� LQIRUPiWLFR67$7,67,&$����(GLWLRQ��3DUD�HO�DQiOLVLV�GH�OD�YDULDELOLGDG�TXH�SXHGD�H[LVWLU�HQWUH�ORVJUXSRV�HQ�FXDQWR�D�SDUiPHWURV�PHGLGRV�HQ�KRMDV�\�HQ�EUiFWHDV��VH�XWLOL]y�HO�PpWRGRGH� $QiOLVLV� GH� &RPSRQHQWHV� 3ULQFLSDOHV� �$&3��� 3DUD� HO� DQiOLVLV� HVWDGtVWLFR� GH� ODFRORUDFLyQ� GH� FRUWH]D� �GDWR� FDWHJyULFR��� VH� XWLOL]y� HO� GHQRPLQDGR� $QiOLVLV� GH&RUUHVSRQGHQFLD��$&��
0pWRGR�GH�$QiOLVLV�PROHFXODU��(OHFWURIRUHVLV�GH�3URWHtQDV
/D�WRPD�GH�PXHVWUDV�GH�KRMDV�SDUD�UHDOL]DU�ORV�DQiOLVLV�PROHFXODUHV�VH�UHDOL]y�HQ��URGDOHV�GH�FDGD�HVSHFLH��(Q�FDGD�URGDO�VH�WRPDURQ�YDULDV�KRMDV�WLHUQDV�GH�FDGD�XQRGH� ORV� ��� iUEROHV� VHOHFFLRQDGRV� HQ� XQ� SULQFLSLR�� /DV�PXHVWUDV� VH�PDQWXYLHURQ� DWHPSHUDWXWD� GH� ��� &� \� HO� DQiOLVLV� GHO� PDWHULDO� VH� UHDOL]y� GHQWUR� GH� ORV� WUHV� GtDVVLJXLHQWHV�D�VX�UHFRJLGD��HYLWiQGRVH�DVt�OD�SpUGLGD�GH�DFWLYLGDG�HQ]LPiWLFD��
/D�HOHFWURIRUHVLV�GH�SURWHtQDV�VH�UHDOL]y�VREUH�JHOHV�GH�DOPLGyQ��FRQ�WUHV�VLVWHPDVWDPSyQ��7ULV�FLWUDWR�OLWLR�ERUDWR�S+����������0RUIROLQD�FLWUDWR�S+������0RUIROLQD�FLWUDWRS+�������\����VLVWHPDV�HQ]LPiWLFRV��3*0��/$3��$'+����3*'+��6.'+��$&3+��3*,�*27��$$7���,'+�\�0'+�
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(O� SURWRFROR� VHJXLGR� IXH� HO� XWLOL]DGR� SRU� HO� ,1,$�&,)25� ������� SDUD� ODV� HVSHFLHV3RSXOXV QLJUD \�3RSXOXV DOED�� FRQ� PRGLILFDFLRQHV� \� DGDSWDFLRQHV� D� ODV� HVSHFLHVREMHWR�GH�HVWXGLR��6ROWLV��������6KDZ�	�3UDVVDG��������
5(68/7$'26�<�',6&86,Ï1
5HVXOWDGRV� GH� OD� IHQRORJtD� GH� OD� HVSHFLH� \� GHO� DQiOLVLV� PRUIROyJLFR�� +RMDV�EUiFWHDV�\�FRORUDFLyQ�GH�FRUWH]D
(O�SULPHU�UHVXOWDGR�REVHUYDGR�HQ�HO�DQiOLVLV�GH�ODV�SREODFLRQHV�KD�VLGR�OD�VHSDUDFLyQGH�JUXSRV�HQ�IXQFLyQ�GH�OD�IHQRORJtD�GH�IORUDFLyQ�\�GH�FDtGD�GH�KRMD�GH�ODV�HVSHFLHV�3��WUHPXOD \�3��[�FHUUDWHQVLV SUHVHQWDQ�XQRV�SHULRGRV�GH�IORUDFLyQ�\�FDtGD�GH�KRMDVVLPLODUHV��D�SHVDU�GH�VX�GLIHUHQWH�GLVWULEXFLyQ�JHRJUiILFD�\�HFROyJLFD��\�PiV�WDUGtRVTXH�3��DOED \�3��[�FDQHVFHQV�
$�SDUWLU�GH�OD�PDWUL]�GH�FRUUHODFLyQ�IRUPDGD�SRU�����GDWRV�DJUXSDGRV�SRU�HVSHFLHV�\SRU� ODV� ��� YDULDEOHV� PHGLGDV� HQ� FDGD� KRMD�� VH� REWXYR� OD� VLJXLHQWH� H[WUDFFLyQ� GHIDFWRUHV�FRQ�VX�FRUUHVSRQGLHQWH�UHSUHVHQWDFLyQ�JUiILFD��7DEOD���\�)LJXUD����
67$7������������)DFWRU�/RDGLQJV��8QURWDWHG���KRMDV�VWD�)$&725������([WUDFWLRQ��3ULQFLSDO�FRPSRQHQWV$1$/<6,6����0DUNHG�ORDGLQJV�DUH�!����������

9$5,$%/( )$&725���� )$&725����%/ �����������
 ��������:PD[ �����������
 ���������0%:3 �������� ��������:��� �����������
 ���������:��� �������� ��������%$��� �������� ������������
%$��� �������� ���������%$ �����������
 ��������%3 �����������
 ��������71 �������� ���������3/ �������� ��������7DEOD�����$&3�SDUD�ODV�PHGLFLRQHV�HQ�KRMDV�� )LJXUD� ���� 5HSUHVHQWDFLyQ� GH� $&3� HQ� HODQiOLVLV�GH�KRMDV�
$WHQGLHQGR� D� HVWRV� UHVXOWDGRV�� ORV� SDUiPHWURV� PHGLGRV� HQ� ODV� KRMDV� TXHSURSRUFLRQDQ� XQD� PD\RU� FRQWULEXFLyQ� HQ� OD� YDULDELOLGDG� WRWDO� VRQ� ��� /RQJLWXG� GHOOLPER�� $QFKXUD� GHO OLPER� DO� ����� $QFKXUD� Pi[LPD� GHO� OLPER�� ÈUHD� GHO� OLPER�3HUtPHWUR�GHO�OLPER�\�HO�$QJXOR�GHO�OLPER�DO�����
6HJ~Q� HVWH� DQiOLVLV� QR� HV� SRVLEOH� GLIHUHQFLDU� JUXSRV� XWLOL]DQGR� ODV� KRMDV� FRPRSDUiPHWURV�GLVFULPLQDQWHV�REVHUYiQGRVH�XQ�VRODSDPLHQWR�GH�WRGDV�ODV�HVSHFLHV�
$� SDUWLU� GH� OD� PDWUL]� GH� FRUUHODFLyQ� IRUPDGD� SRU� ORV� �� SDUiPHWURV� PHGLGRV� HQEUiFWHDV�HQ�����GDWRV�DJUXSDGRV�HQ�OD�YDULDEOH�HVSHFLH��VH�REWXYLHURQ�ORV�VLJXLHQWHVUHVXOWDGRV��7DEOD�����\�VX�UHSUHVHQWDFLyQ�JUiILFD��)LJXUD����

6FDWWHUSORW��FSBKRMDV�67$��Y
���F�

)$&725B�

)$&7
25B�
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3��DOED3��[�FDQHVFHQV3��[�FHUUDWHQVLV3��WUHPXOD
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67$7����������)DFWRU�/RDGLQJV��8QURWDWHG���EUDFWHDV�VWD�)$&725����([WUDFWLRQ��3ULQFLSDO�FRPSRQHQWV$1$/<6,6��0DUNHG�ORDGLQJV�DUH�!���������
9$5,$%/( )$&725�� )$&725��$/72B00 ��������� ���������$1&+2�B00 ������������ 
 ��������1B�',(17( ��������� ����������� 
7DEOD�����$&3�SDUD�PHGLFLyQ�GH�EUiFWHDV�GHWRGDV�ODV�HVSHFLHV� )LJXUD� ���� 5HSUHVHQWDFLyQ� GH� $&3� HQ� HODQiOLVLV�GH�EUiFWHDV�GH�WRGDV�ODV�HVSHFLHV�

6H�SXHGH�DSUHFLDU�TXH� ORV�SDUiPHWURV�PiV�GLVFULPLQDQWHV�D� OD�KRUD� GH� UHDOL]DU� HODQiOLVLV�GH�FRPSRQHQWHV�SULQFLSDOHV�HQ�HO� HVWXGLR�GH�EUiFWHDV�VRQ����$QFKR�GH� ODEUiFWHD� \� 1~PHUR� GH� GLHQWHV�� $WHQGLHQGR� D� HVWH� DQiOLVLV� VH� REWLHQHQ� GRV� JUXSRVELHQ�GLIHUHQFLDGRV��SRU�XQ�ODGR�VH�VRODSDQ�3��DOED FRQ�3��[�FDQHVFHQVPLHQWUDV�TXHSRU�RWUR�ODGR�DSDUHFHQ�VRODSDGRV�3��WUHPXOD \�3��[�FHUUDWHQVLV�
3DUD� OD� GLIHUHQFLDFLyQ� HQWUH� HVSHFLHV� VRODSDGDV�� VH� YROYLy� D� DSOLFDU� XQ� $&3� TXHHQIUHQWDUD�3��DOED FRQ�3��[�FDQHVFHQV \�3�� WUHPXOD FRQ�3��[�FHUUDWHQVLV��&RQ�HVWDVHJXQGD� DSOLFDFLyQ�� VH� FRQVLJXLHURQ� GLVFULPLQDU� ODV� HVSHFLHV�3�� WUHPXOD \� 3�� [FHUUDWHQVLV��QR�DVt�ODV�RWUDV�GRV�HVSHFLHV��GDGR�TXH�HO�PpWRGR�GH�DQiOLVLV�QR�ORJUy�ODH[WUDFFLyQ� GH� VXV� IDFWRUHV� SULQFLSDOHV�� /RV� UHVXOWDGRV� GH� HVWH� VHJXQGR� DQiOLVLVYLHQHQ�UHSUHVHQWDGRV�D�FRQWLQXDFLyQ��VLHQGR�ORV�SDUiPHWURV�TXH�PiV�FRQWULEX\HQ�DOD�VHSDUDFLyQ�GH�HVWURV�JUXSRV��OD�LQWHUDFFLyQ�GH�WRGRV�HOORV��7DEOD����
67$7� )DFWRU�/RDGLQJV��8QURWDWHG���EUDFWHDV�VWD�)$&725�����([WUDFWLRQ��3ULQFLSDO�FRPSRQHQWV$1$/<6,6���0DUNHG�ORDGLQJV�DUH�!���������

9$5,$%/( )$&725�� )$&725��$/72B00 ������������ 
 ��������$1&+2B�00 �������� ����������� 
1B',(17( ����������� 
 ��������7DEOD�����$&3�SDUD�OD�PHGLFLyQ�GH�EUiFWHDV�GHODV�HVSHFLHV�3��WUHPXOD�\�3��[�FHUUDWHQVLV�
$O�DSOLFDU�HO�PpWRGR�GH�$&��SDUD�ORV�GDWRV�WRPDGRV�HQ�OD�FRORUDFLyQ�GH�FRUWH]D��VHREWXYLHURQ�ORV�VLJXLHQWHV�UHVXOWDGRV�H[SXHVWRV�HQ�OD�)LJXUD���
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)LJXUD�����5HSUHVHQWDFLyQ�GHO�$&�HIHFWXDGR�VREUH�GDWRV�GH�FRORUDFLyQ�GH�FRUWH]D�
0HGLDQWH�OD�FRORUDFLyQ�GH�OD�FRUWH]D�VH�GLIHUHQFLDQ�SHUIHFWDPHQWH�ODV�HVSHFLHV�GH�3�WUHPXOD ��3��DOED H�LQFOXVR�3��[�FDQHVFHQV��TXH�DXQTXH�DSDUH]FD�HQWUH�DPERV�\�PiVSUy[LPD� D�3�� DOED�� SRVHH� WRQDOLGDGHV� SURSLDV��3�� [� FHUUDWHQVLV WDPELpQ� SUHVHQWDWRQDOLGDGHV�LQWHUPHGLDV�HQWUH�VXV�GRV�SUHVXQWRV�SDUHQWDOHV��SHUR�OD�HVFDVD�GLVWDQFLDTXH� OR�VHSDUD�GH�3�� WUHPXOD��KDFH�FDVL� LPSRVLEOH� �FRQ�HVWH� WLSR�GH�DQiOLVLV��TXH�HOFRORU�GH�OD�FRUWH]D�VHD�XQ�SDUiPHWUR�GLVFULPLQDQWH�HQWUH�ODV�GRV�HVSHFLHV�
5HVXOWDGRV�GHO�DQiOLVLV�PROHFXODU�
(Q� OD� VLJXLHQWH� WDEOD�� VH� SUHVHQWD� XQ� UHVXPHQ� GH� ORV� UHVXOWDGRV� REWHQLGRV� HQ� HODQiOLVLV�PROHFXODU�� WHQLHQGR�HQ�FXHQWD��� WLSRV�GH�YDULDELOLGDG�SDUD� ORV����VLVWHPDVLVRHQ]LPiWLFRV�HQVD\DGRV��7DEOD����

7,326�'(�9$5,$%,/,'$',QWHUHVSHFtILFD,62(1=,0$ ,QWUDHVSHFtILFD�GHQWUR�GHSREODFLRQHV�
,QWUDHVSHFtILFD�HQWUHSREODFLRQHV� 'LVWLQFLyQ�GH�(VSHFLH/$3 6, 12 12$'+ 6, 12 6, 3��DOED GH�3��WUHPXOD�GH�3��[�FDQHVFHQV�GH�3��[�FHUUDWHQ�6.'+ 6, 12 123*0 6, ¢6," ¢6,",'+ 6, 12 6, 3��WUHPXOD FRQ�HO�UHVWR��3*' 6, 12 123*, 6, 12 12*27 6, 12 6, 3��DOED  �3��[�FDQHVFHQV�FRQ 3��WUHPXOD�\�3��[�FHUUDWHQVLV$&3+ 6, 12 6, ��HVSHFLHV0'+ 6, 6, 6, 3��[�FDQHVFHQV FRQ�HO�UHVWR7DEOD�����5HVXPHQ�GH�ORV�WLSRV�GH�YDULDELOLGDG�REWHQLGRV�FRQ�ORV����VLVWHPDV�HQ]LPiWLFRVHQVD\DGRV�

6H� KD� HQFRQWUDGR� YDULDELOLGDG� LQWUDHVSHFtILFD� �GHQWUR� GH� SREODFLRQHV��� HQ� ORV� �JUXSRV� GH� SREODFLRQHV� HQVD\DGDV�� /D� YDULDELOLGDG� LQWUDHVSHFtILFD� �HQWUHSREODFLRQHV���VyOR�VH�SXHGH�DVHJXUDU�SDUD�3��DOED \�SDUD�3��WUHPXOD FRQ�HO�VLVWHPDHQ]LPiWLFR�0'+�

�'�3ORW�RI�5RZ�DQG�&ROXPQ�&RRUGLQDWHV�IRU�'LPHQVLRQ���,QSXW�7DEOH��5RZV�[�&ROXPQV�����[���6WDQGDUGL]DWLRQ��5RZ�DQG�FROXPQ�SURILOHV(LJHQYDOXH������������������RI�,QHUWLD��&RQWULEXWLRQ�WR�&KL�VTXDUH��������
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1R� VH� KDQ� HQFRQWUDGR� GLIHUHQFLDV� VLJQLILFDWLYDV� HQ� HO� DQiOLVLV� GH� ODV� IUHFXHQFLDVUHODWLYDV� GH� ORV� GLVWLQWRV� SDWURQHV� GH� EDQGDV�� SRU� OR� TXH� D� OD� KRUD� GH� GHILQLU� ODYDULDELOLGDG�LQWHUHVSHFtILFD��VH�KD�UHDOL]DGR�DWHQGLHQGR�~QLFDPHQWH�D�OD�SUHVHQFLD�RDXVHQFLD�GH�ORFL�HVSHFtILFRV�SDUD�DOJXQR�GH�ORV�JUXSRV�
&21&/86,21(6
6H�KDQ�FDUDFWHUL]DGR�ODV�SREODFLRQHV�GH�3RSXOXV�WUHPXOD��3RSXOXV�DOED \�VX�KtEULGR3RSXOXV� [� FDQHVFHQV PHGLDQWH� HO� DQiOLVLV� PRUIROyJLFR� GH� KRMDV�� EUiFWHDV� \FRORUDFLyQ� GH� OD� FRUWH]D�� 'H� HQWUH� HVWRV� WUHV� FDUDFWHUHV�� ORV� TXH� UHVXOWDQ� PiVGLVFULPLQDQWHV�D�OD�KRUD�GH�VHSDUDU�HQWUH�HVSHFLHV�VRQ�ODV�EUiFWHDV�\� OD�FRORUDFLyQGH�OD�FRUWH]D��/RV�SDUiPHWURV�PiV�GLVFULPLQDQWHV�HQ� OD�PHGLGD�GH�EUiFWHDV�VRQ�HODQFKR� GH� EUiFWHD� \� HO� Q~PHUR� GH� GLHQWHV� SDUD� WRGDV� ODV� HVSHFLHV�� \� ORV� WUHVSDUiPHWURV�PHGLGRV�HQ�EUiFWHDV�SDUD�GLIHUHQFLDU�3��WUHPXOD�\�3��[�FHUUDWHQVLV�
6H� KD� UHDOL]DGR� OD� FDUDFWHUL]DFLyQ� LVRHQ]LPiWLFD� GH� XQ� VXEJUXSR� GH� SREODFLRQHV�HQFRQWUDQGR�VLVWHPDV�HQ]LPiWLFRV�TXH�PXHVWUDQ�OD�H[LVWHQFLD�GH�GLIHUHQWHV�WLSRV�GHYDULDELOLGDG�
• 7RGRV� ORV�VLVWHPDV�HQ]LPiWLFRV�VRQ�SROLPyUILFRV�GHQWUR�GH�SREODFLRQHV�HQ� WRGDVODV�HVSHFLHV�DQDOL]DGDV�HQ�HVWH�HVWXGLR�
• /RV� GRV� ~QLFRV� VLVWHPDV� TXH� PXHVWUDQ� YDULDELOLGDG� LQWUDHVSHFtILFD� �HQWUHSREODFLRQHV���VRQ�0'+�SDUD�3��DOED \�3��WUHPXOD \�3*0��HVWD�~OWLPD�FRQ�UHVHUYDV��
• /RV�VLVWHPDV�HQ]LPiWLFRV�TXH�PXHVWUDQ�GLIHUHQWHV�SDWURQHV�HQWUH�HVSHFLHV�VRQ�ORVVLJXLHQWHV��$'+��,'+��3*,��*27��$&3+��0'+�
/RV�FDUDFWHUHV�PRUIROyJLFRV�GH�FRORUDFLyQ�GH�FRUWH]D�\�EUiFWHDV��SDUiPHWURV�DQFKR\�Q~PHUR�GH�GLHQWHV���SXHGHQ�VHUYLU�SDUD�FODVLILFDU�ODV�HVSHFLHV��&RQ�ORV�UHVXOWDGRVGH� ORV� HQVD\RV� HOHFWURIRUpWLFRV�� VH� FRPSUXHED� TXH� HIHFWLYDPHQWH� VH� HQFXHQWUDQGLIHUHQFLDV�HQWUH�ORV�JUXSRV��SHUR�SDUD�SRGHU�FODVLILFDU�ODV�HVSHFLHV�R�FRPSUREDU�HOFDUiFWHU�KtEULGR�GH�3��[�FDQHVFHQV��VHUtD�QHFHVDULD�OD�HODERUDFLyQ�GH�VHJUHJDFLRQHVPHGLDQWH�FUXFHV�FRQWURODGRV�\�SRVWHULRU�DQiOLVLV�GH� ORV�SDUHQWDOHV�\�GH�SURJHQLHV�7HQLHQGR�HQ� FXHQWD� ORV� UHVXOWDGRV�REWHQLGRV�� HO� DQiOLVLV�PRUIROyJLFR� DSXQWD� D� VHUPiV� GLVFULPLQDQWH� D� OD� KRUD� GH� GLIHUHQFLDU� HVSHFLHV� TXH� HQ� DQiOLVLV� PROHFXODU�� DOPHQRV��SDUD�FLHUWRV�SDUiPHWURV��$XQTXH�ORV�UHVXOWDGRV�LVRHQ]LPiWLFRV�D�ORV�TXH�VHKD�OOHJDGR�PXHVWUDQ�GLIHUHQFLDV�HQWUH�ODV�HVSHFLHV��VyOR�SXHGHQ�FRQVLGHUDUVH�FRPRUHVXOWDGRV�SUHOLPLQDUHV�
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$*5$'(&,0,(1726
(VWH� HVWXGLR� HVWi� HQPDUFDGR� GHQWUR� GHO� SUR\HFWR� GH� LQYHVWLJDFLyQ� 9$� �����ILQDQFLDGR�SRU�OD�&RQVHMHUtD�GH�(GXFDFLyQ�\�&XOWXUD�GH�OD�-XQWD�GH�&DVWLOOD�\�/HyQ�$JUDGHFHPRV�DO�&,)25�� ,1,$�KDEHUQRV� IDFLOLWDGR�HO�SURJUDPD�:LQIROLD� \� VX�D\XGDHQ� OD� LQWHUSUHWDFLyQ� GH� SDWURQHV� LVRHQ]LPiWLFRV�� $� WRGRV� DTXHOORV� TXH� KDQ� KHFKRSRVLEOH�WDQWR�ORV�WUDEDMRV�GH�ODERUDWRULR�FRPR�ORV�WUDEDMRV�GH�FDPSR�
%,%/,2*5$)Ë$
$/%$��1��$*Ò1'(=��'��6$/9$'25��/��6(,6'('26��0�7����������3URWRFRORV�SDUDODV�HVSHFLHV�3LQXV�SLQDVWHU��3LQXV�KDOHSHQVLV��3RSXOXV�QLJUD \�3RSXOXV�DOED��$QiOLVLVLVRHQ]LPiWLFR��ÈUHD�GH�VHOYLFXOWXUD�\�PHMRUD��,1,$�&,)25��0DGULG�%$51(6�� %�9��� ������� 3KHQRW\SLF� YDULDWLRQ� RI� WUHPEOLQJ� DVSHQ� LQ� :HVWHUQ� 1RUWK$PHULFD��)RQ��6FL�������������%$51(6�� %�9�� )84,1*�� +��� ������� 3KHQRW\SLF� YDULDWLRQ� RI� &KLQHVH� DVSHQV� DQGWKHLU�UHODWLRQVKLSV�WR�VLPLODU�WD[D�LQ�(XURSH�DQ�1RUWK�$PHULFD��&DQ��-��%RW��9RO����&8/27�� $��� ������� &RQWULEXWLRQ� j�O¶pWXGH� GHV� SHXSOLHUV� GH� OD� VHFWLRQ�/HXFH�� /DYDULDWLRQ�PRUSKRJpQpWLTXH�GH�3RSXOXV�WUHPXOD /���3��DOED /���3��FDQHVFHQV �$LW���6P�HW�OHXUV�K\EULGHV��7HVLV�GRFWRUDO��8QLYHUVLWH�OLEUH�GH�%UX[HOOHV��%UX[HOOHV�'(/� 3(62�� &�� '(� /8&$6�� $�,��� ������� (O� iODPR� FDQR� GHO� &HUUDWR� �3RSXOXV� [FDQHVFHQV���&RQVHUYDFLyQ�GH�VXV�UHFXUVRV�JHQpWLFRV�HQ�DO�3URYLQFLD�GH�3DOHQFLD�� ,&RQJUHVR�)RUHVWDO�+LVSDQR�/XVR��,,�&RQJUHVR�)RUHVWDO�(VSDxRO��,5$7,¶���*5$8��-�0�����������(FRORJtD�GHO�FKRSR��6HOHFFLyQ�QDWXUDO��(Q��(O�FXOWLYR�GHO�FKRSR�0RQRJUDItDV�8QLYHUVLWDULDV��8QLYHUVLGDG�,QWHUQDFLRQDO�$OIRQVR�9,,��6RULD�/8&$6�'(��$�,����������(OHFFLyQ�GH�iUEROHV�VREUHVDOLHQWHV�GH�3RSXOXV�WUHPXOD /��HQOD�SURYLQFLD�GH�3DOHQFLD��3UR\HFWR�ILQ�GH�FDUUHUD�GH�,QJHQLHUtD�7pFQLFD�)RUHVWDO��(76,,$$��3DOHQFLD�25,$� '(� 58('$�� -�$��� ������� *XtD� GH� ODV� SODQWDV� VLOYHVWUHV� GH� 3DOHQFLD�� (G�&iODPR��3DOHQFLD�3$'5Ï�� $�� 25(16$1=�� -��� ������� (O� FKRSR� \� VX� FXOWLYR� (G�� 0LQLVWHULR� GH$JULFXOWXUD��0DGULG�3$'5Ï�� $��� ������� &ORQHV� GH� FKRSR� SDUD� HO� 9DOOH� 0HGLR� GHO� (EUR�� 'LSXWDFLyQ*HQHUDO�GH�$UDJyQ��=DUDJR]D�6+$:�� &�5�� 35$6$'�� 5��� ������� 6WDUFK� JHO� HOHFWURSKRUHVLV� RI� HQ]\PHV�� $FRPSLODWLRQ�RI�UHFLSHV��$PHU��)HUQ��-�����������62/7,6�� '�(�� +$8)/(5�� &�+��� ������� 6WDUFK� JHO� HOHFWURSKRUHVLV� RI� )HUQV�� $FRPSLODWLRQ� RI� JULQGLQJ� EXIIHUV�� JHO� DQG� HOHFWURGH� EXIIHUV�� DQG� VWDLQLQJ� VFKHGXOHV�$PHU��)HUQ��-�����������
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