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Introducción

1LFROiV�6DOPHUyQ��SROtWLFR�\�¿OyVRIR�HVSDxRO�GHO�VLJOR�;9,,,���
VHxDOy�TXH��³Es de rigurosa justicia emancipar la enseñanza 
de todo extraño poder, y convertirla en una función social, sin 
otra ley que la libre indagación y profesión de la verdad”.

(Q�HVH�FRQWH[WR��QRV�SHUPLWLPRV�SUHVHQWDU�HO�VLJXLHQWH�IROOHWR��
FRQ�HO�~QLFR�REMHWLYR�GH�EULQGDU�LQIRUPDFLyQ�YHUD]�\�FLHQWt¿FD�
FRQ�UHVSHFWR�D�OD�KLVWRULD�\�DSOLFDFLRQHV�GH�OD�ELRWHFQRORJtD�
WUDGLFLRQDO�\�OD�ELRWHFQRORJtD�PRGHUQD�

(O�GRFXPHQWR�KD�VLGR�HVFULWR�FRQ�OD�PD\RU�VHQFLOOH]�\�FODULGDG�
SRVLEOH��GH�WDO�PDQHUD�TXH�SXHGD�VHU�HQWHQGLGR�\��DVLPLODGR�
SRU�ORV�OHFWRUHV�

(VSHUDPRV�TXH�HVWD�SULPHUD�HGLFLyQ�GHO�IROOHWR�GH�,QWURGXFFLyQ�
D� OD� %LRWHFQRORJtD�� SHUPLWD� UHVROYHU� XQD� JUDQ� FDQWLGDG� GH�
GXGDV�\�PDODV�FRQFHSFLRQHV�TXH�VH� WLHQHQ�DFHUFD�GH�HVWD�
LPSRUWDQWH�KHUUDPLHQWD��\�TXH�DVt�VH�ORJUH GHVSHUWDU�HO�LQWHUpV�
FLHQWt¿FR�GH� ODV�QXHYDV�JHQHUDFLRQHV�HQ� OD�VROXFLyQ�GH� ORV�
SUREOHPDV�FUHDGRV�SRU� OD�VRFLHGDG�PRGHUQD�� WDOHV�FRPR�HO�
FDOHQWDPLHQWR�JOREDO��HO�PDQHMR�GH�GHVHFKRV��OD�SURGXFFLyQ�
GH� QXHYDV� PHGLFLQDV�� HO� DXPHQWR� GH� OD� SURGXFFLyQ� \� OD�
SURGXFWLYLGDG��HQWUH�RWURV�
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Presentación

/RV� DYDQFHV� FLHQWt¿FRV� \� WHFQROyJLFRV� GH� OD� ELRWHFQRORJtD�
LPSDFWDQ�HQ�OD�VRFLHGDG�\�HV�QHFHVDULD�XQD�ODERU�SHUPDQHQWH�
GH�HGXFDFLyQ�HQ�HVWDV�QXHYDV�WHFQRORJtDV��(Q�HVWH�VHQWLGR��
OD� &RPLVLyQ� 7pFQLFD� 1DFLRQDO� HQ� %LRVHJXULGDG� FUHDGD� HQ�
����� PHGLDQWH� OD� /H\� GH� 3URWHFFLyQ� )LWRVDQLWDULD� �/H\� 1° 
������FRPR�XQ�yUJDQR�DVHVRU�GHO�6HUYLFLR�)LWRVDQLWDULR�GHO�
(VWDGR� HQ� PDWHULD� GH� ELRWHFQRORJtD� PRGHUQD� WLHQH� FRPR�
XQR�GH�VXV�REMHWLYRV�SURPRYHU� OD�GLYXOJDFLyQ�� FDSDFLWDFLyQ�
\� HQWUHQDPLHQWR� HQ� DVSHFWRV� GH� ELRVHJXULGDG�� (QWLpQGDVH�
ELRVHJXULGDG�FRPR�HO�conjunto de procedimientos y medidas 
TXH�VH�DGRSWDQ�FRQ�HO�¿Q�GH�JDUDQWL]DU�OD�VHJXULGDG�KXPDQD��
animal y ambiental, de las aplicaciones de la biotecnología 
moderna. $KRUD� ELHQ�� ¢TXp� HV� ELRWHFQRORJtD"� $XQTXH�� OD�
ELRWHFQRORJtD�IRUPD�SDUWH�GH�QXHVWUD�YLGD�FRWLGLDQD�\�KD�VLGR�
HPSOHDGD�SRU�HO�KRPEUH�GHVGH�KDFH�PLOHV�GH�DxRV��HV�XQ�
WpUPLQR�GHVFRQRFLGR�SRU�PXFKRV��3RU� OR� WDQWR�� HO� SUHVHQWH�
IROOHWR�GH� ,QWURGXFFLyQ�D� OD�%LRWHFQRORJtD�HVWi�GLULJLGR�D� ORV�
PLHPEURV�GH� OD�VRFLHGDG�\� WLHQH�FRPR�REMHWLYR� LQWURGXFLU�\�
GHVFULELU�HO�XVR�\�HO�LPSDFWR�GH�OD�ELRWHFQRORJtD��

(O�SULPHU�PyGXOR�GH�HVWD�SXEOLFDFLyQ�WLHQH�FRPR�REMHWLYR�GH¿QLU�
HO� FRQFHSWR�GH�ELRWHFQRORJtD� \� FRPSUHQGHU� HO� FRQFHSWR�GH�
ELRWHFQRORJtD� WUDGLFLRQDO�\�PRGHUQD�SUHVHQWiQGRVH�DOJXQRV�
GH�ORV�DFRQWHFLPLHQWRV�PiV�LPSRUWDQWHV�HQ�OD�KLVWRULD�GH�OD�
ELRWHFQRORJtD��(Q�HO�VHJXQGR�PyGXOR�VH�GHVFULEHQ�DOJXQRV�
HMHPSORV� GH� ODV� DSOLFDFLRQHV� GH� OD� ELRWHFQRORJtD� HQ� OD�
DJULFXOWXUD��JDQDGHUtD��DFXLFXOWXUD��VDOXG��PHGLR�DPELHQWH�H�
LQGXVWULD��(Q�HO�WHUFHU�PyGXOR�VH�UHDOL]D�XQD�EUHYH�UHVHxD�VREUH�
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ODV�SODQWDV�JHQpWLFDPHQWH�PRGL¿FDGDV��VH�KDFH�UHIHUHQFLD�D�
ORV�PpWRGRV� HPSOHDGRV� HQ� VX� FUHDFLyQ�� DVt� FRPR� DOJXQDV�
GH�ODV�SULQFLSDOHV�FDUDFWHUtVWLFDV�LQWURGXFLGDV��)LQDOPHQWH��HQ�
HO�FXDUWR�PyGXOR�VH� LQWURGXFH�HO�FRQFHSWR�GH�ELRVHJXULGDG��
OD� OHJLVODFLyQ� QDFLRQDO� \� VH� PHQFLRQD� HO� SURFHGLPLHQWR�
VHJXLGR� SDUD� OD� HYDOXDFLyQ� GH� ORV� SRWHQFLDOHV� ULHVJRV� GH�
ORV�RUJDQLVPRV�JHQpWLFDPHQWH�PRGL¿FDGRV�GHULYDGRV�GH� OD�
ELRWHFQRORJtD�PRGHUQD�\�VX�VLWXDFLyQ�HQ�&RVWD�5LFD��
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Módulo 1: ¿Qué es la biotecnología?

����'H¿QLFLRQHV�GH�ELRWHFQRORJtD

/D�ELRWHFQRORJtD�HV�XQ�WpUPLQR�FRP~Q�KR\�GtD���\�IXH�XWLOL]DGR�
SRU�SULPHUD�YH]�HQ������SRU�HO�DJUyQRPR�.DUO�(UHN\��(Q�DTXHO�
HQWRQFHV��(UHN\�GH¿QLy�OD�ELRWHFQRORJtD�FRPR��³la ciencia de 
los métodos que permiten la obtención de productos a partir 
de materia prima, mediante la intervención de organismos 
vivos´�� 3RVWHULRUPHQWH�� D� SDUWLU� GH� OD� GpFDGD� GH� ������ HO�
WpUPLQR� VH� DPSOLy� \� HQ� OD� DFWXDOLGDG� HV� SRVLEOH� HQFRQWUDU�
YDULDV�GH¿QLFLRQHV�GH�ELRWHFQRORJtD��

6LQ� HPEDUJR�� HQ� HO� SUHVHQWH� WH[WR�� FRQVLGHUDUHPRV� OD�
ELRWHFQRORJtD� GH� PDQHUD� DPSOLD�� FRPR toda actividad que 
utiliza organismos vivos o sus compuestos para la obtención 
de productos (alimentos, vacunas, antibióticos, entre otros) 
o servicios (descontaminación ambiental, energías limpias, 
HQWUH� RWURV�� GH� YDORU� SDUD� HO� KRPEUH�� /D� ELRWHFQRORJtD�
VH� FDUDFWHUL]D� SRU� VHU� PXOWLGLVFLSOLQDULD� GRQGH� SDUWLFLSDQ�
DJUyQRPRV�� TXtPLFRV�� ELyORJRV�� YHWHULQDULRV�� PpGLFRV��
DERJDGRV�� LQJHQLHURV�� JHQHWLVWDV�� ELyORJRV� PROHFXODUHV��
entre otrRV��3RU�OR�WDQWR��SXHGH�DSOLFDUVH�D�XQD�JUDQ�FDQWLGDG�
GH�iUHDV�FRPR�VRQ� OD�DJULFXOWXUD�� OD�VDOXG�� OD�DOLPHQWDFLyQ��
HO�PHGLR�DPELHQWH�� OD� LQGXVWULDO�R� OD�SURGXFFLyQ�GH�HQHUJtD��
�)LJXUD����

����/D�ELRWHFQRORJtD�WUDGLFLRQDO

/D�ELRWHFQRORJtD�IRUPD�SDUWH�GH�QXHVWUD�YLGD�FRWLGLDQD�\�KD�
VLGR�HPSOHDGD�SRU�HO�KRPEUH�GHVGH�KDFH�PLOHV�GH�DxRV��(O�
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SDQ��HO�YLQR��HO�TXHVR��HO�\RJXUW�\� OD�FHUYH]D�VRQ�SURGXFWRV�
TXH�VH�REWLHQHQ�PHGLDQWH�SURFHVRV�ELRWHFQROyJLFRV�GHVGH�OD�
DQWLJ�HGDG��)LJXUD�����(Q�DTXHO�HQWRQFHV��HO�KRPEUH�QR�WHQtD�
FRQRFLPLHQWR�GH�OD�H[LVWHQFLD�GH�ORV�PLFURRUJDQLVPRV�QL�GH�ORV�
SURFHVRV�TXH�GDQ�RULJHQ�D�HVWRV�SURGXFWRV�DOLPHQWLFLRV��VLQ�
HPEDUJR��SRGtDQ�XWLOL]DUORV�SDUD�VX�EHQH¿FLR��3RVWHULRUPHQWH��
HQ� HO� VLJOR�;,;� /XLV�3DVWHXU� GHPRVWUy� TXH� HVWRV� SURFHVRV�
VRQ�HO�UHVXOWDGR�GH�OD�DFWLYLGDG�GH�EDFWHULDV�\�KRQJRV��'HVGH�
HQWRQFHV�VH� LQFOX\H�D� ORV�SURFHVRV�GH� IHUPHQWDFLyQ�GHQWUR�

Biotecnología

Organismos Vivos 

o sus compuestos

Bienes y 

Servicios

Figura 1.� /D� ELRWHFQRORJtD� � LQYROXFUD� YDULDV� GLVFLSOLQDV� TXH� XWLOL]DQ�
RUJDQLVPRV� YLYRV� R� VXV� FRPSXHVWRV� SDUD� OD� REWHQFLyQ� GH� SURGXFWRV� R�
VHUYLFLRV� 
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GH� OD� ELRWHFQRORJtD� WUDGLFLRQDO�� $VLPLVPR�� HO� PHMRUDPLHQWR�
JHQpWLFR�FRQYHQFLRQDO�GH�FXOWLYRV�\�GH�DQLPDOHV�GRPpVWLFRV�
VH�LQFOX\H�GHQWUR�GH�OD�ELRWHFQRORJtD�WUDGLFLRQDO�

$FWXDOPHQWH�� OD� ELRWHFQRORJtD� WUDGLFLRQDO� WLHQH� YDULDV�
DSOLFDFLRQHV�HQ� OD� LQGXVWULD� DOLPHQWLFLD�� WH[WLO�� IDUPDFpXWLFD��
SDSHOHUD�� SOiVWLFD� \� GH� ORV� FRPEXVWLEOHV�� 3RU� HMHPSOR�� OD�
FHUYH]D�\�HO�YLQR�VRQ�EHELGDV�TXH�VH�SURGXFHQ�FRQ�OD�D\XGD�

GH�OD�OHYDGXUD�6DFFKDURP\FHV�FHUHYLVLDH��0LHQWUDV�TXH��SDUD�
OD�SURGXFFLyQ�GH�TXHVR�VH�DJUHJDQ�ODV�EDFWHULDV�iFLGROiFWLFDV��
ODV� FXDOHV� GHJUDGDQ�HO� D]~FDU� GH� OD� OHFKH�HQ�iFLGR� OiFWLFR�
\�DJXD��3RU�RWUR� ODGR�� HQ� OD�HODERUDFLyQ�GH�SDQ�VH�XWLOL]DQ�
OHYDGXUDV�� SULQFLSDOPHQWH� 6DFFKDURP\FHV� FHUHYLVLDH�� /DV�
OHYDGXUDV� IHUPHQWDQ� ORV�D]~FDUHV�GH� OD�KDULQD�SURGXFLHQGR�
GLy[LGR�GH�FDUERQR�\�DOFRKRO��

Figura 2.�%LRWHFQRORJtD� WUDGLFLRQDO�� YLQR�� TXHVR�� \RJXUW�� SDQ� \� FHUYH]D�
VRQ�SURGXFWRV�DOLPHQWLFLRV�TXH�VH�REWLHQHQ�SRU�SURFHVRV�ELRWHFQROyJLFRV�
GHVGH�OD�DQWLJ�HGDG��Fotografías tomadas de internet. 
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$VLPLVPR�� VH� KDQ� XWLOL]DGR� PLFURRUJDQLVPRV� SDUD� OD�
HODERUDFLyQ�GH�ELRFRPEXVWLEOHV�D�SDUWLU�GH�FDxD�GH�D]~FDU�\�
SOiVWLFRV�ELRGHJUDGDEOHV�D�SDUWLU�GH�SHWUyOHR��$VLPLVPR�� ORV�
DQWLELyWLFRV�VRQ�SURGXFLGRV�SRU�PXFKRV�PLFURRUJDQLVPRV��WDO�
HV�HO�FDVR�GH�OD�SHQLFLOLQD��OD�FXDO�HV�IDEULFDGD�SRU�XQ�KRQJR��

����/D�ELRWHFQRORJtD�PRGHUQD

/RV�DYDQFHV�GHO�VLJOR�;;�HQ�OD�FLHQFLD��HVSHFt¿FDPHQWH�HQ�
HO� FDPSR� GH� OD� JHQpWLFD�� GLHURQ� RULJHQ� D� OD� ELRWHFQRORJtD�
PRGHUQD�� \� GHQWUR� GH� HOOD� D� OD� LQJHQLHUtD� JHQpWLFD�� (Q� XQ�
VHQWLGR�DPSOLR��OD�LQJHQLHUtD�JHQpWLFD��FRPSUHQGH�WpFQLFDV�GHO�
$'1�UHFRPELQDQWH�TXH�SHUPLWHQ�OD�PDQLSXODFLyQ�GHO�PDWHULDO�
JHQpWLFR�� OD� ELRORJtD�PROHFXODU� \� OD� WUDQVIHUHQFLD� GH� JHQHV�
HQWUH�RUJDQLVPRV��3RU�OR�WDQWR��la biotecnología moderna se 
SXHGH�GH¿QLU�FRPR�OD�DSOLFDFLyQ�GH�OD�FLHQFLD�\�OD�WHFQRORJtD�
D� OD�PRGL¿FDFLyQ�GH�RUJDQLVPRV�YLYRV�R�VXV�SDUWHV�SDUD� OD�
producción de bienes y servicios��

/D�ELRWHFQRORJtD�PRGHUQD�EULQGD�VROXFLRQHV�D�SUREOHPDV�HQ�
HO�FDPSR�DJUtFROD��GH�OD�DOLPHQWDFLyQ�\�GH�OD�VDOXG�KXPDQD�\�
DQLPDO��'H�HVWD�PDQHUD��OD�SURGXFFLyQ�GH�LQVXOLQD�KXPDQD��
YDFXQDV�� DQWLELyWLFRV� \� PHGLFDPHQWRV�� HQ]LPDV� FRPR� OD�
TXLPRVLQD�� SODQWDV� \� DQLPDOHV� PRGL¿FDGRV� JHQpWLFDPHQWH�
FRQVWLWX\HQ� HMHPSORV� GH� DSOLFDFLRQHV� GH� OD� ELRWHFQRORJtD�
PRGHUQD��)LJXUD����
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����/DV�yPLFDV��JHQyPLFD��WUDQVFULSWyPLFD��SURWHyPLFD�
\�PHWDEROyPLFD

(O�DYDQFH�DFHOHUDGR�HQ�ORV�~OWLPRV�DxRV�HQ�ODV�WpFQLFDV�GH�
VHFXHQFLDFLyQ�GH�$'1�GH�YDULRV�RUJDQLVPRV�KD�FRQWULEXLGR�
DO� GHVDUUROOR� GH� QXHYDV� GLVFLSOLQDV� HQ� HO� FDPSR� GH� OD�
ELRWHFQRORJtD�� D� ODV� FXDOHV� VH� OHV� KD� GHQRPLQDGR� FRPR�
³yPLFDV´��

La JHQyPLFD� HV� OD� GLVFLSOLQD� TXH� VH� HQFDUJD� GHO� HVWXGLR�
GH� ORV� JHQRPDV� \� GHO� URO� TXH� FXPSOHQ� ORV� JHQHV� HQ� HO�
FUHFLPLHQWR��GHVDUUROOR�\�IXQFLRQDPLHQWR�GH�ORV�VHUHV�YLYRV��
/D� JHQyPLFD� LQFOX\H� OD� VHFXHQFLDFLyQ� GHO�$'1�� HO� DQiOLVLV�
GH� ODV� VHFXHQFLDV� SDUD� HQFRQWUDU� JHQHV� \� VX� FRPSDUDFLyQ�
FRQ�VHFXHQFLDV�JHQyPLFDV�GH�RWURV�RUJDQLVPRV��8QD�YH]�HO�
JHQRPD�GH�XQ�RUJDQLVPR�GHWHUPLQDGR�KD�VLGR�VHFXHQFLDGR��

Figura 3.��D��$QLPDOHV�FORQDGRV���E��DQLPDOHV�PRGL¿FDGRV�JHQpWLFDPHQWH��
�F�� 3ODQWDV� PRGL¿FDGDV� JHQpWLFDPHQWH� �G�� PHGLFDPHQWRV� \� YDFXQDV�
FRQVWLWX\HQ� HMHPSORV� GH� DSOLFDFLRQHV� GH� OD� ELRWHFQRORJtD� PRGHUQD��
Fotografías tomadas de internet. 

a
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HO�SDVR�VLJXLHQWH�HV�DQDOL]DU�GLFKDV�VHFXHQFLDV�FRQ�HO�¿Q�GH�
LGHQWL¿FDU�TXH� IUDJPHQWRV�FRUUHVSRQGHQ�D� ORV�JHQHV�\�FXiO�
HV�VX�IXQFLyQ��/D�HQRUPH�FDQWLGDG�GH�LQIRUPDFLyQ�JHQHUDGD�
D� WUDYpV� GH� ORV� SUR\HFWRV� GH� VHFXHQFLDFLyQ� SHUPLWLUi� D� ORV�
PHMRUDGRUHV� GH� SODQWDV� GHVFXEULU� QXHYRV� JHQHV�� HQWHQGHU�
FyPR� IXQFLRQDQ� ORV� JHQHV� HQ� XQD� HVSHFLH� H� LGHQWL¿FDU�
JHQHV�DVRFLDGRV�FRQ�FDUDFWHUtVWLFDV�GH� LQWHUpV�� WDOHV�FRPR�
UHQGLPLHQWR��UHVLVWHQFLD�D�OD�VHTXtD��FDOLGDG�GH�ORV�DOLPHQWRV��
UHVLVWHQFLD�D�LQVHFWRV�\�WROHUDQFLD�D�KHUELFLGDV��

3RU� RWUR� ODGR�� OD� WUDQVFULSWyPLFD HV� OD� GLVFLSOLQD� TXH� VH�
HQFDUJD� GH� HVWXGLDU� \� FRPSDUDU� HO� WUDQVFULSWRPD� GH XQD�
FpOXOD�� WHMLGR� X� RUJDQLVPR�� (O� WUDQVFULSWRPD� FRQVWLWX\H� HO�
FRQMXQWR�GH�WUDQVFULWRV�R�$51�PHQVDMHURV�TXH�VH�H[SUHVDQ�
EDMR�GHWHUPLQDGDV�FRQGLFLRQHV�HQ�XQ�GHWHUPLQDGR�PRPHQWR�
GHO� GHVDUUROOR�� $Vt�� OD� WUDQVFULSWyPLFD� HQ� FRQMXQWR� FRQ� OD�
WHFQRORJtD� GH� PLFURDUUHJORV� GH� $'1�� SHUPLWH� HVWXGLDU�
\� DQDOL]DU� ORV� QLYHOHV� GH� DFWLYLGDG� GH� ORV� JHQHV� HQ� XQ�
GHWHUPLQDGR�WLSR�GH�FpOXODV�R�EDMR�XQD�GHWHUPLQDGD�FRQGLFLyQ��
/RV�PLFURDUUHJORV�GH�$'1�FRQWLHQHQ�PLOHV�GH�PROpFXODV�GH�

Metabolitos

Proteínas

ARN

ADN

Metabolómica

Proteómica

Transcriptómica

Genómica
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$'1�XQLGDV�D�XQ�VRSRUWH�GH�YLGULR��$O�DJUHJDU�OD�PXHVWUD�D�
DQDOL]DU��ODV�PROpFXODV�GH�$51�FRQWHQLGDV�HQ�HOOD�\�TXH�VHDQ�
FRPSOHPHQWDULDV�D�ODV�GHO�PLFURDUUHJOR��VH�XQLUiQ�\�SRGUiQ�
VHU�LGHQWL¿FDGDV�\�FXDQWL¿FDGDV�

La SURWHyPLFD� HV� OD� GLVFLSOLQD� TXH� HVWXGLD� OD� HVWUXFWXUD��
IXQFLyQ�� ORFDOL]DFLyQ�H� LQWHUDFFLyQ�GH� ODV�SURWHtQDV�GHQWUR�\�
HQWUH�ODV�FpOXODV��(VWD�GLVFLSOLQD�VH�KD�XWLOL]DGR�SDUD�DQDOL]DU�OD�
UHVSXHVWD�GH�ODV�SODQWDV�D�KRUPRQDV��HVWtPXORV�GHO�DPELHQWH��
R� IDFWRUHV� GH� HVWUpV� ELyWLFR� �EDFWHULDV�� KRQJRV�� YLUXV� H�
LQVHFWRV��\�DELyWLFR��VHTXLD��VDOLQLGDG��OX]�\�WHPSHUDWXUD���$Vt�
FRPR�SDUD�HVWXGLDU�ORV�FDPELRV�GXUDQWH�ODV�GLVWLQWDV�HWDSDV�
GH�GHVDUUROOR�GH�ODV�SODQWDV��$GHPiV��VH�KDQ�DQDOL]DGR�SRU�
HVWD�WpFQLFD�OD�SUHVHQFLD�GH�DOpUJHQRV�HQ�ORV�DOLPHQWRV�

)LQDOPHQWH�� OD�PHWDEROyPLFD eV� HO� HVWXGLR� \� FRPSDUDFLyQ�
GHO� FRQMXQWR� GH�PHWDEROLWRV� �PyOHFXODV� SURGXFLGDV� GXUDQWH�
HO�PHWDEROLVPR��SUHVHQWHV�HQ�XQD�FpOXOD��WHMLGR�X�RUJDQLVPR�
HQ� XQ� PRPHQWR� GDGR�� (Q� HO� FDPSR� GH� OD� QXWULFLyQ�� OD�
PHWDEROyPLFD�SRGUtD�FRUUHODFLRQDU�ORV�SHU¿OHV�GH�PHWDEROLWRV�
GH�ÀXLGRV�\�yUJDQRV�FRQ�FLHUWDV�HQIHUPHGDGHV��3RU�RWUR�ODGR��
OD�PHWDEROyPLFD�KD�VLGR�XWLOL]DGD�SDUD�LGHQWL¿FDU�\�FXDQWL¿FDU�
ORV� GLVWLQWRV� PHWDEROLWRV� SUHVHQWHV� HQ� GLIHUHQWHV� WHMLGRV�
YHJHWDOHV��

(Q� OR� TXH� UHVSHFWD� D� OD� VHJXULGDG� GH� ORV� RUJDQLVPRV�
JHQpWLFDPHQWH� PRGL¿FDGRV�� OD� JHQyPLFD�� SURWHyPLFD� \�
PHWDEROyPLFD� SHUPLWHQ� D� ORV� LQYHVWLJDGRUHV� GHWHUPLQDU�
OD� LQRFXLGDG� DOLPHQWDULD� GH� HVWRV� QXHYRV� FXOWLYRV� \� VXV�
GHULYDGRV��
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����+LVWRULD�GH�OD�ELRWHFQRORJtD

$� FRQWLQXDFLyQ� VH� SUHVHQWD� XQD� FURQRORJtD� GH� DOJXQRV�
DFRQWHFLPLHQWRV�UHOHYDQWHV�HQ�HO�GHVDUUROOR�GH�OD�ELRWHFQRORJtD�
WUDGLFLRQDO�\�PRGHUQD�

$17,*h('$'
������$&��
������$&

3UHSDUDFLyQ�GH�DOLPHQWRV�\�EHELGDV�SRU� IHUPHQWDFLyQ�
�SDQ��FHUYH]D��YLQR��YLQDJUH��\RJXUW�\�TXHVR��

('$'�0(',$
�����'& /RV�D]WHFDV�FRVHFKDQ�DOJDV�FRPR�IXHQWH�GH�DOLPHQWR�

�����'& 'HVWLODFLyQ�GH�EHELGDV�DOFRKyOLFRV�REWHQLGDV�D�SDUWLU�GH�
JUDQRV�IHUPHQWDGRV�

�����'& 6H� LQWURGXFHQ� HQ� (XURSD� FXOWLYRV� �PDt]� \� SDSD��
SURYHQLHQWHV�GH�$PpULFD�

('$'�02'(51$

�����'&
5REHUW�+RRNH�REVHUYD�OD�HVWUXFWXUD�FHOXODU�GHO�FRUFKR��
1R� HV� VLQR� ���� DxRV� GHVSXpV� TXH� VH� GHVFXEUH� TXH�
WRGRV�ORV�RUJDQLVPRV�HVWiQ�FRPSXHVWRV�SRU�FpOXODV�

�����'& $QWRQ� 9DQ� /HHXZHQKRHN� GHVFXEUH� ODV� EDFWHULDV� \�
SURWR]RRV��HQWUH�RWURV�PLFURRUJDQLVPRV�

('$'�&217(0325È1($

1797 6H�SXEOLFD�HO�SULPHU�WUDEDMR�GH�YDFXQDFLyQ�GH�KXPDQRV�
FRQWUD�OD�YLUXHOD�

����
/XLV� 3DVWHXU� LGHQWL¿FD� OD� OHYDGXUD� FRPR� HO�
PLFURRUJDQLVPR� UHVSRQVDEOH� GH� OD� IHUPHQWDFLyQ�
DOFRKyOLFD�

���� /XLV�3DVWHXU�GHVDUUROOD�YDFXQDV�FRQWUD�OD�UDELD�

���� /XLV� 3DVWHXU� GHVDUUROOD� XQD� YDFXQD� FRQWUD� HO� FyOHUD�
DYLDULR�\�HO�iQWUD[�

����
6H�GHPXHVWUD�TXH�ODV�HQ]LPDV�GH�OD�OHYDGXUD�SXHGHQ�
WUDQVIRUPDU� HO� D]~FDU� HQ� DOFRKRO�� SURFHVR� FRQRFLGR�
FRPR�IHUPHQWDFLyQ�DOFRKyOLFD�

���� 6H�XWLOL]DQ�OHYDGXUDV�SDUD�SURGXFLU�JOLFHURO�

����
)OHPLQJ� GHVFXEUH� OD� SHQLFLOLQD� DO� REVHUYDU� TXH� ODV�
EDFWHULDV� TXH� FUHFHQ�DOUHGHGRU� GHO� KRQJR�Penicillium 
notatum�PXHUHQ�
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���� 6H�SURGXFH�HO�SULPHU�LQVHFWLFLGD�ELROyJLFR��EDVDGR�HQ�OD�
bacteria %DFLOOXV�WKXULQJLHQVLV�

���� -DPHV� :DWVRQ� \� )UDQFLV� &ULFN� SURSRQHQ� XQ� PRGHOR�
SDUD�OD�HVWUXFWXUD�GHO�$'1�

1959
6H�REWLHQHQ�SODQWDV�FRPSOHWDV�D�SDUWLU�GH� ORV�FXOWLYRV�
LQGLIHUHQFLDGRV� GH� FDOORV� GH� ]DQDKRULD� PHGLDQWH�
WpFQLFDV�GH�FXOWLYR�in vitro�

���� $XPHQWR�HQ�OD�SURGXFFLyQ�GH�iFLGR�FtWULFR��iFLGR�OiFWLFR��
DFHWRQD�\�EXWDQRO�JUDFLDV�DO�SURFHVR�GH�IHUPHQWDFLyQ�

����

6H�JHQHUD�OD�SULPHUD�PROpFXOD�GH�$'1�UHFRPELQDQWH��
3DXO� %HUJ� DtVOD� \� HPSOHD� XQD� HQ]LPD� SDUD� FRUWDU� HO�
$'1�\�XWLOL]D�WDPELpQ�XQD�HQ]LPD�SDUD�SHJDU� ORV�GRV�
IUDJPHQWRV�GH�$'1�� RULJLQDQGR�XQD�PROpFXOD� KtEULGD�
FLUFXODU�

����

3RU� SULPHUD� YH]� VH� ORJUDQ� WUDQVIHULU� $'1� GH� XQ�
RUJDQLVPR� D� RWUR�� &LHQWt¿FRV� ORJUDQ� HQVDPEODU�
IUDJPHQWRV� GH�$'1� YLUDO� \� EDFWHULDQR� FRUWDGR� FRQ� OD�
PLVPD� HQ]LPD�� FUHDQGR� XQ� SOiVPLGR� UHFRPELQDQWH��
/XHJR� OR� LQWURGXFHQ� HQ� OD� EDFWHULD� (VFKHULFKLD� FROL� 
SURGXFLHQGR� DVt� HO� SULPHU� RUJDQLVPR� UHFRPELQDQWH�
JHQpWLFDPHQWH�PRGL¿FDGR�

1976 6H�FUHD�OD�SULPHUD���FRPSDxtD�ELRWHFQROyJLFD�*HQHQWHFK�
,QF��GHGLFDGD�D�OD�WHFQRORJtD�GHO�$'1�UHFRPELQDQWH�

1977

/D�FRPSDxtD�*HQHQWHFK� ,QF��SURGXFH�HQ�EDFWHULDV� OD�
SURWHtQD�VRPDWRVWDWLQD��IDFWRU�LQKLELWRULR�GH�OD�OLEHUDFLyQ�
GH�OD�KRUPRQD�GH�FUHFLPLHQWR��PHGLDQWH�OD�WHFQRORJtD�
GHO�$'1�UHFRPELQDQWH�

���� 1DFH�HO�SULPHU�EHEH�SURGXFWR�GH�OD�IHFXQGDFLyQ�in vitro�

����
6H�REWLHQHQ�ODV�SULPHUDV�FpOXODV�YHJHWDOHV�PRGL¿FDGDV�
JHQpWLFDPHQWH�� 6H� SURGXFHQ� ORV� SULPHURV� UDWRQHV�
JHQpWLFDPHQWH�PRGL¿FDGRV�

���� 6H� FRPHUFLDOL]D� OD� LQVXOLQD� KXPDQD� GH� RULJHQ�
UHFRPELQDQWH�SURGXFLGD�HQ�FpOXODV�EDFWHULDQDV�

���� 6H� REWLHQHQ� ODV� SULPHUDV� SODQWDV� GH� WDEDFR�
JHQpWLFDPHQWH�PRGL¿FDGDV�

����
(Q�((�88��\�(XURSD� UHDOL]DQ�HQVD\RV�GH�FDPSR�FRQ�
SODQWDV� JHQpWLFDPHQWH� PRGL¿FDGDV� UHVLVWHQWHV� D�
LQVHFWRV��YLUXV�\�EDFWHULDV�
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����

/D� HPSUHVD� ELRWHFQROyJLFD� &DOJHQH� OOHYD� D� FDER� HO�
SULPHU� HQVD\R� GH� FDPSR� FRQ� SODQWDV� GH� DOJRGyQ�
JHQpWLFDPHQWH�PRGL¿FDGDV�WROHUDQWHV�D�XQ�KHUELFLGD�

$VLPLVPR�� *HQ3KDUP� ,QWHUQDWLRQDO� ,QF�� GHVDUUROOD�
OD� SULPHU� YDFD� WUDQVJpQLFD� SDUD� SURGXFLU� SURWHtQDV�
KXPDQDV�HQ�VX�OHFKH�

6H� LQLFLD� HO� SUR\HFWR� GH� VHFXHQFLDFLyQ� GHO� JHQRPD�
KXPDQR�

1994 6H� ODQ]D� DO� PHUFDGR� HO� WRPDWH� JHQpWLFDPHQWH�
PRGL¿FDGR��FRQRFLGR�FRPR�)ODY6DYU��

1995

6H� FRPSOHWD� HO� JHQRPD� GH� OD� EDFWHULD�+DHPRSKLOXV�
LQÀXHQ]DH�

6H�UHDOL]D�HO�SULPHU�[HQRWUDQVSODQWH��WUDVSODQWH�GH�XQ�
yUJDQR�R�GH�XQ�WHMLGR�GHVGH�XQ�DQLPDO�D�RWUR�GH�GLVWLQWD�
HVSHFLH���8Q�JUXSR�GH�LQYHVWLJDGRUHV�ORJUD�WUDVSODQWDU�
FRUD]RQHV� GH� FHUGRV� JHQpWLFDPHQWH� PRGL¿FDGRV� D�
SULPDWHV�

1996
6H�FRPSOHWD�HO�JHQRPD�GH�OD�OHYDGXUD�6DFFKDURP\FHV�
cerevisiae��OD�FXDO�VH�HPSOHD�HQ�OD�HODERUDFLyQ�GH�SDQ��
FHUYH]D�\�YLQR�

1997 ,QYHVWLJDGRUHV�GHO�,QVWLWXWR�5RVOLQ�HQ�(VFRFLD�REWLHQHQ�
OD�SULPHUD�RYHMD�SRU�FORQDFLyQ�FRQRFLGD�FRPR�'ROO\���

���� 6H�REWLHQHQ�ORV�SULPHURV�UDWRQHV�\�WHUQHURV�FORQDGRV�

1999
6H�REWLHQHQ�OtQHDV�GH�DUUR]�JHQpWLFDPHQWH�PRGL¿FDGR�
TXH�SURGXFHQ�EHWD�FDURWHQR�R�SUR�YLWDPLQD�$��FRQRFLGR�
FRPR�DUUR]�GRUDGR�

����
6H� FRPSOHWD� OD� VHFXHQFLD� GHO� JHQRPD� GH� OD� PRVFD�
GH�OD�IUXWD��'URVRSKLOD�PHODQRJDVWHU��\�GH�XQD�SODQWD�
�$UDELGRSVLV�WKDOLDQD��

���� 6H� FRPSOHWD� HO� SULPHU� ERUUDGRU� GH� OD� VHFXHQFLD� GHO�
JHQRPD�KXPDQR�

���� 6H�FRPSOHWD�HO�JHQRPD�GHO�DUUR]�

���� 6H�FRPHUFLDOL]D�HO�SULPHU�SH]�WUDQVJpQLFR��*OR)LVFK��HO�
FXDO�EULOOD�HQ�OD�RVFXULGDG�

���� 6H�VHFXHQFLD�HO�JHQRPD�GHO�SROOR�

���� 6H� VHFXHQFLD� HO� JHQRPD� GHO� SHUUR� \� VH� REWLHQHQ� ORV�
SULPHURV�SHUURV�FORQDGRV�
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����

&LHQWt¿FRV� FKLQRV� ORJUDURQ� FORQDU� XQ� WHUQHUR�
JHQpWLFDPHQWH�LQPXQH�D�OD�HQFHIDORSDWtD�HVSRQJLIRUPH�
ERYLQD�R�HQIHUPHGDG�GHO�PDO�GH�ODV�YDFDV�ORFDV�

6H�DSUXHED�HQ�OD�8QLyQ�(XURSHD�OD�SURGXFFLyQ�GH�XQ�
DQWLFRDJXODQWH�HQ�OD�OHFKH�GH�XQD�FDEUD�WUDQVJpQLFD�

����

(PSUHVDV� HVWDGRXQLGHQVHV� \� MDSRQHVDV� FUHDQ� XQD�
YDFD� JHQpWLFDPHQWH� PRGL¿FDGD� TXH� QR� SXHGH� VXIULU�
HQFHIDORSDWtD�HVSRQJLIRUPH�ERYLQD� �PDO�GH� ODV�YDFDV�
ORFDV��

6H�DSUXHED�HQ�(XURSD�OD�FRPHUFLDOL]DFLyQ�GH�XQ�FODYHO�
D]XO�JHQpWLFDPHQWH�PRGL¿FDGR�

����

&LHQWt¿FRV� HVWDGRXQLGHQVHV� \� UXVRV� ORJUDURQ�
VHFXHQFLDU�HO�JHQRPD�GHO�PDPXW�VLEHULDQR��D�SDUWLU�GH�
PXHVWUDV�GH�SHOR�

6H� FUHD� XQ� PRQR� 5KHVXV� JHQpWLFDPHQWH� PRGL¿FDGR�
SDUD�HVWXGLDU�OD�HQIHUPHGDG�GH�+XQWLQJWRQ�

����

&LHQWt¿FRV�HVSDxROHV�REWLHQHQ�FpOXODV�PDGUHV�D�SDUWLU�
GH�FpOXODV�GH�OD�SLHO�

6H� REWLHQHQ� ORV� SULPHURV� PRQRV� WLWLV� JHQpWLFDPHQWH�
PRGL¿FDGRV��(VWRV�SULPDWHV�H[SUHVDQ�OD�SURWHtQD�YHUGH�
ÀXRUHVFHQWH�GH�WDO�PDQHUD�TXH�EULOODQ�DO�VHU�H[SXHVWRV�
D�OD�OX]�XOWUDYLROHWD�

���� 6H� FUHD� OD� SULPHUD� FpOXOD� EDFWHULDQD� VLQWpWLFD��
Mycoplasma mycoides�-&9,�V\Q���

���� 6H� DSUXHED� HQ� %UDVLO� HO� SULPHU� IULMRO� JHQpWLFDPHQWH�
PRGL¿FDGR�FRQ�UHVLVWHQFLD�DO�YLUXV�GHO�PRVDLFR�GRUDGR�

����

,QYHVWLJDGRUHV� HQ� 1XHYD� =HODQGD� FUHDQ� XQD� YDFD�
JHQpWLFDPHQWH� PRGL¿FDGD� FDSD]� GH� SURGXFLU� OHFKH�
KLSR�DOHUJpQLFD�

6H� OLEHUDQ� HQ� %UDVLO� PRVTXLWRV� JHQpWLFDPHQWH�
PRGL¿FDGRV�SDUD�FRPEDWLU�OD�HSLGHPLD�GHO�GHQJXH�

����

8Q�JUXSR�GH�FLHQWt¿FRV�HVWDGRXQLGHQVHV�FRQVLJXLy�SRU�
SULPHUD�YH]�OD�WUDQVIHUHQFLD�QXFOHDU�HQ�VHUHV�KXPDQRV��

6H� DSUXHED� HQ� ,QGRQHVLD� HQVD\RV� GH� FDPSR� FRQ� XQ�
FXOWLYR� GH� FDxD� GH� D]~FDU� JHQpWLFDPHQWH�PRGL¿FDGD�
TXH�SUHVHQWD�UHVLVWHQFLD�D�VHTXtD��
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����/D�ELRWHFQRORJtD�HQ�&RVWD�5LFD

(Q�HO�DxR������VH�SXEOLFy�XQ�HVWXGLR�FX\R�REMHWLYR�IXH�DQDOL]DU�
HO� HVWDGR� DFWXDO� GH� OD� ELRWHFQRORJtD� HQ� &RVWD� 5LFD�� HQ� HO�
SHULRGR�GH������D�������'H�GLFKR�HVWXGLR� VH�REVHUYy�TXH�
VRQ�GLYHUVDV�ODV�iUHDV�GH�DFFLyQ�GH�OD�ELRWHFQRORJtD�HQ�ODV�
TXH�&RVWD�5LFD�KD�LQFXUVLRQDGR��6H�GHWHUPLQy�TXH�H[LVWH�XQD�

DOWD� SDUWLFLSDFLyQ� IHPHQLQD� ������
HQ� OD� LQYHVWLJDFLyQ� ELRWHFQROyJLFD�
GHO�SDtV��$VLPLVPR��VH�REVHUYy�TXH�
OD� PD\RUtD� GH� LQYHVWLJDGRUHV� VRQ�
QDFLRQDOHV� ������� (Q� FXDQWR� D� OD�
HGDG�� VyOR� XQ� ���� GH� HOORV� WLHQH�
PHQRV�GH����DxRV��XQ����� WLHQHQ�
HGDGHV�FRPSUHQGLGDV�HQWUH�ORV����\�
ORV����DxRV��\�XQ�����WLHQH�PiV�GH�
���DxRV��

5HVSHFWR�D�OD�FDQWLGDG�GH�SUR\HFWRV�
GH� LQYHVWLJDFLyQ�� XQ� ���� GH�
ORV� LQYHVWLJDGRUHV� HVWi� D� FDUJR�
GH� FXDWUR� R� PiV� SUR\HFWRV� GH�
LQYHVWLJDFLyQ�� 6H� GHWHUPLQy� TXH�
HO� iUHD� GRQGH� VH� XELFDQ� OD� PD\RU�

SURSRUFLyQ�GH�LQYHVWLJDGRUHV�HV�OD�GH�%LR�DJUR��������VHJXLGD�
SRU�OD�GH�%LR�VDOXG�������\�OD�GH�SURFHVDPLHQWR�GH�DOLPHQWRV�
������/DV�RWUDV�iUHDV�ELRWHFQROyJLFDV�D� ODV�TXH�VH�GHGLFDQ�
ORV�LQYHVWLJDGRUHV�VH�HQFXHQWUDQ�UHSUHVHQWDGDV�HQ�PX\�EDMD�
SURSRUFLyQ��PHGLR�DPELHQWH�������SURGXFWRV�IRUHVWDOHV�������
ELRSURFHVRV������\�VyOR�XQ����HQ�DFXLFXOWXUD�

54% 

mujeres

46% 

hombres

87% 

nacionales

13% 

- 30 años

64% 

entre 30 

y 50 años

18% 

más 50 

años 
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Módulo 2: Aplicaciones de la biotecnología

7DQWR� OD� ELRWHFQRORJtD� WUDGLFLRQDO� FRPR� OD� PRGHUQD� WLHQHQ�
YDULRV� XVRV� HQ� OD� LQGXVWULD� DJUtFROD�� DOLPHQWLFLD�� WH[WLO��
IDUPDFpXWLFD�� SDSHOHUD�� SOiVWLFD� \� GH� ORV� FRPEXVWLEOHV��
$FWXDOPHQWH� OD� ELRWHFQRORJtD� VH� FODVL¿FD� HQ� FLQFR� JUXSRV��
VLJXLHQGR�XQD�HVFDOD�GH�FRORU��YHUGH��EODQFD��URMD��JULV�\�D]XO�

����/D�ELRWHFQRORJtD�YHUGH

&RQVLVWH�HQ�WRGDV�DTXHOODV�DSOLFDFLRQHV�GH�OD�ELRWHFQRORJtD�
HQ�HO� FDPSR�DJUtFROD�� IRUHVWDO� \� GH� OD� JDQDGHUtD��(QWUH� ODV�
DSOLFDFLRQHV� GH� OD� ELRWHFQRORJtD� HQ� HO� FDPSR� DJUtFROD�
VH� HQFXHQWUD� HO� FXOWLYR� in vitro� \� OD� REWHQFLyQ� GH� SODQWDV�
UHVLVWHQWHV�D�HQIHUPHGDGHV�� LQVHFWRV��KHUELFLGDV��VDOLQLGDG��
VHTXtD�\�EDMDV�WHPSHUDWXUDV��7DPELpQ�VH�LQFOX\H�OD�REWHQFLyQ�
GH�DOLPHQWRV�PiV�QXWULWLYRV�\�IUXWRV�TXH�UHVLVWDQ�DO�WUDQVSRUWH�
\�DOPDFHQDPLHQWR��$VLPLVPR��PHGLDQWH� LQJHQLHUtD�JHQpWLFD�
KD� VLGR� SRVLEOH� FUHDU� SODQWDV� SURGXFWRUDV� GH� IiUPDFRV��
YDFXQDV��DQWLELyWLFRV�\�SOiVWLFRV��

(Q�HO� FDPSR�GH� OD�ELRWHFQRORJtD�DJUtFROD��HO� FXOWLYR� in vitro 
FRPSUHQGH� XQ� FRQMXQWR� GH� WpFQLFDV� TXH� SHUPLWHQ� FXOWLYDU�
FpOXODV��WHMLGRV�\�yUJDQRV�EDMR�FRQGLFLRQHV ItVLFDV�\�TXtPLFDV�
FRQWURODGDV��)LJXUD��D���0HGLDQWH�HO�FXOWLYR�in vitro es posible 
OD� PXOWLSOLFDFLyQ� D� JUDQ� HVFDOD� GH� HVSHFLHV� YHJHWDOHV� \�
IRUHVWDOHV�GH�LQWHUpV�SDUD�HO�KRPEUH��OD�FORQDFLyQ�GH�SODQWDV�
\� iUEROHV� FRQ� FDUDFWHUtVWLFDV� DJURQyPLFDV� GHVHDEOHV��
$VLPLVPR��HV�SRVLEOH�REWHQHU�SODQWDV�OLEUHV�GH�YLUXV��SURGXFLU�
VHPLOOD� DUWL¿FLDO�� SURGXFLU� QXHYRV� KtEULGRV� \� FRQVHUYDU� HO�
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JHUPRSODVPD��(O�FXOWLYR�in vitro�WLHQH�XQD�HVWUHFKD�UHODFLyQ�FRQ�
OD�ELRWHFQRORJtD�PRGHUQD�\�FRQVWLWX\H�XQ�SDVR�IXQGDPHQWDO�
HQ� OD� REWHQFLyQ� \� UHJHQHUDFLyQ� GH� SODQWDV� JHQpWLFDPHQWH�
PRGL¿FDGDV��

Figura 4.�$SOLFDFLRQHV�GH�OD�ELRWHFQRORJtD��HQ�HO�FDPSR�DJUtFROD���D��FXOWLYR�
in vitro�� �E�� SHVWLFLGDV� ELROyJLFRV� �KWWS���P\FRORJ\�VX�ERYHUL\D�EDVVLDQD�
EHDXYHULD�EDVVLDQD�KWPO��� � �F��iUEROHV�JHQpWLFDPHQWH�PRGL¿FDGRV�\� �G��
FORQDFLyQ�GH�DQLPDOHV��)RWRNLR�FRP���Fotografías tomadas de internet. 

Cultivo de tejidos en Costa Rica

(Q�&RVWD�5LFD�H[LVWHQ�YDULRV�ODERUDWRULRV�GH�FXOWLYR�in 
vitro�TXH�VH�GHGLFDQ�D�OD�PLFURSURSDJDFLyQ�GH�HVSHFLHV�
WURSLFDOHV��WDOHV�FRPR�RUTXtGHDV��DQWXULRV��FDOD��SDOPD�

DFHLWHUD��HQWUH�RWURV��

Fuente: KWWS���ZZZ�ELRQRYDFV�FRP���SRVW���������ELRWHFQRORJD�HQ�
FRVWD�ULFD�VLUYLHQGR�DO�PXQGR�KWPO
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$VLPLVPR� OD� ELRWHFQRORJtD�
FRQWULEX\H�DO�FRQWURO�GH�SODJDV�
\�PDOH]DV� DO� XWLOL]DU� SURGXFWRV�
SURYHQLHQWHV� GH� RUJDQLVPRV�
YLYRV�� (VWRV� SHVWLFLGDV�
ELROyJLFRV� R� ELRSHVWLFLGDV� VH�
REWLHQHQ� SULQFLSDOPHQWH� GH�
EDFWHULDV�\�KRQJRV��8Q�HMHPSOR�
ELHQ� FRQRFLGR� HV� OD� EDFWHULD�
%DFLOOXV�WKXULQJLHQVLV��OD�FXDO�KD�
VLGR� XWLOL]DGD� HQ� OD� DJULFXOWXUD�
RUJiQLFD� SDUD� HO� FRQWURO� GH�
LQVHFWRV� SODJD�� 'H� LJXDO�
PDQHUD�� HO� KRQJR� Beauveria 
bassiana KD� VLGR� HPSOHDGR�
FRPR� SHVWLFLGD� ELROyJLFR� SDUD�
HO� FRQWURO� GH� LQVHFWRV� SODJD�
FRPR�ORV�JXVDQRV��ODV�WHUPLWDV��
ODV�PRVFDV�EODQFDV��ORV�i¿GRV�\�
los escarabajos �)LJXUD��E��

(Q� HO� FDPSR� IRUHVWDO�� OD� ELRWHFQRORJtD� SHUPLWH� HO�
PHMRUDPLHQWR�JHQpWLFR�GH�ORV�iUEROHV�FRQ�HO�¿Q�GH�DXPHQWDU�
OD�SURGXFWLYLGDG�\� OD�FDOLGDG�GHO�SURGXFWR� � � �)LJXUD��F���Las 
QXHYDV�FDUDFWHUtVWLFDV�RWRUJDGDV�D�ORV�iUEROHV�JHQpWLFDPHQWH�
PRGL¿FDGRV� OHV� FRQ¿HUHQ� UHVLVWHQFLD� D� IDFWRUHV� ELyWLFRV�
�EDFWHULDV��KRQJRV��YLUXV�H�LQVHFWRV��\�DELyWLFRV��IUíR��VHTXtD�
\� VDOLQLGDG��� WROHUDQFLD� D� KHUELFLGDV� \� XQ� PHQRU� FRQWHQLGR�
GH� OLJQLQD� �FRPSRQHQWH� SULQFLSDO� GH� ODV� SDUHGHV� FHOXODUHV�
UHVSRQVDEOH�GHO�HQJURVDPLHQWR�GH�ORV�WDOORV�GH�ORV�iUEROHV���

Producción de 

biofungicidas

La empresa 
costarricense 

7HFQRORJtDV�DPELHQWDOHV�
6�$��SURGXFH�GH�PDQHUD�
FRPHUFLDO�HO�ELRIXQJLFLGD�

7ULFKR�0D[�D�SDUWLU�
GHO�PLFURRUJDQLVPR�

7ULFKRGHUPD�DVSHUHOOXP��
(O�ELRIXQJLFLGD�WLHQH�
DFFLyQ�DQWDJyQLFD�

VREUH�RWURV�KRQJRV�TXH�
DIHFWDQ�ORV�FXOWLYRV�
Fuente��6LWLR�HQ�LQWHUQHW�
GH�OD�HPSUHVD�7HFQRORJtDV�
DPELHQWDOHV�6�$��KWWS���ZZZ�
WHFQRORJLDVDJURDPELHQWDOHV�

FRP�LQGH[�KWPO)
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$VLPLVPR�� VH� KDQ� GHVDUUROODGR� iUEROHV� JHQpWLFDPHQWH�
PRGL¿FDGRV� SDUD� OD� HOLPLQDFLyQ� ELROyJLFD� GH� FRPSXHVWRV�
Wy[LFRV�GHO�PHGLR�DPELHQWH��0HGLDQWH�ODV�WpFQLFDV�GH�FXOWLYR�
GH�WHMLGRV�HV�SRVLEOH�SURSDJDU�PDWHULDOHV�pOLWH�D�JUDQ�HVFDOD��
VHOHFFLRQDU�PDWHULDO�FRQ�UHVLVWHQFLD�\�R�WROHUDQFLD�D�IDFWRUHV�
DELyWLFRV�\�ELyWLFRV��

3RU� RWUR� ODGR�� HO� XVR� GH� OD� ELRWHFQRORJtD� HQ� OD� JDQDGHUtD�
SHUPLWH�OD�FUHDFLyQ�GH�DQLPDOHV�PRGL¿FDGRV�JHQpWLFDPHQWH�
\�OD�FORQDFLyQ�GH�DQLPDOHV�GH�DOWD�SURGXFWLYLGDG�R�HQ�YtDV�GH�
H[WLQFLyQ��

/D� PRGL¿FDFLyQ� JHQpWLFD� GH� DQLPDOHV�� WDOHV� FRPR� RYHMDV��
FDEUDV�� FHUGRV� \� YDFDV�� WLHQH� FRPR� REMHWLYR� DXPHQWDU�
OD� SURGXFWLYLGDG� \� SURGXFLU� SURWHtQDV� GH� LPSRUWDQFLD�
IDUPDFROyJLFD�SDUD�HO��KRPEUH�HQ�OD�OHFKH��$Vt�SRU�HMHPSOR��

ÈUEROHV�JHQpWLFDPHQWH�PRGL¿FDGRV�

8QR�GH�ORV�REMHWLYRV�SULQFLSDOHV�GHO�PHMRUDPLHQWR�JHQpWLFR�
GH� HVSHFLHV� IRUHVWDOHV� HV� UHGXFLU� OD� FDQWLGDG� GH� OLJQLQD��
$Vt��FLHQWt¿FRV�GH�OD�8QLYHUVLGDG�GH�&DUROLQD�GHO�1RUWH�HQ�
ORV�(VWDGRV�8QLGRV�KDQ�GHVDUUROODGR�iUEROHV�WUDQVJpQLFRV�
KDVWD� FRQ� OD� PLWDG� GH� OLJQLQD� TXH� ORV� FRQYHQFLRQDOHV��
$VLPLVPR��5HLQR�8QLGR�\�)UDQFLD�OOHYy�D�FDER�SRU�FXDWUR�
DxRV� HO� ~QLFR� JUDQ� H[SHULPHQWR� GH� FDPSR� FRQ� iUEROHV�
EDMRV�HQ�OLJQLQD��

Fuente:�5Xt]�GH�(OYLUD��������/OHJDQ�ORV�iUEROHV�WUDQVJpQLFRV��(O�3DtV��
�KWWS���HOSDLV�FRP�GLDULR������������IXWXUR�����������B�������KWPO)
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Tracy� OD� SULPHUD� RYHMD� JHQpWLFDPHQWH�PRGL¿FDGD� SURGXFtD�
HQ� OD� OHFKH� Į���DQWLWULSVLQD�� XQ� IiUPDFR� SDUD� WUDWDU� OD�
¿EURVLV�TXtVWLFD��XQD�HQIHUPHGDG�TXH�DIHFWD� ORV�SXOPRQHV��
'H� LJXDO�PDQHUD�� VH�KDQ�FUHDGR�FRQHMRV�� FDEUDV�� FHUGRV�\�
YDFDV� JHQpWLFDPHQWH� PRGL¿FDGRV� FRQ� HO� ¿Q� GH� SURGXFLU�
LQWHUOHXNLQD���� D�JOXFRVLGDVD�� DQWL�WURPELQD� ,,,�� IDFWRU� 9,,,�
KXPDQR��IDFWRU�GH�FRDJXODFLyQ�,;�\�OD�KRUPRQD�GH�FUHFLPLHQWR�
KXPDQR��

/D�FORQDFLyQ�HV�XQD�WpFQLFD�TXH�SHUPLWH�REWHQHU� LQGLYLGXRV�
JHQpWLFDPHQWH� LGpQWLFRV� DO� DQLPDO� GHVHDGR� �)LJXUD� �G���El 
SULPHU�DQLPDO�REWHQLGR�SRU�FORQDFLyQ� IXH� OD�RYHMD�Dolly��(Q�
HVWH�FDVR��ORV�LQYHVWLJDGRUHV�WRPDURQ�HO�Q~FOHR�GH�XQD�FpOXOD�
GH�OD�XEUH�GH�XQD�RYHMD�DGXOWD�\�OR�WUDQV¿ULHURQ�D�XQ�yYXOR�QR�
IHFXQGDGR�VLQ�Q~FOHR��/XHJR��HVWH�yYXOR�IXH�LPSODQWDGR�HQ�HO�
YLHQWUH�GH�XQD�RYHMD�UHFHSWRUD�\�DO�FDER�GH�XQRV�PHVHV�QDFLy�
Dolly��OD�FXDO�HV�JHQpWLFDPHQWH�LGpQWLFD�D�OD�RYHMD�TXH�GRQy�
HO�PDWHULDO�JHQpWLFR��

Consumo de animales clonados

7DQWR� OD�$JHQFLD� SDUD� OD� 6HJXULGDG�$OLPHQWDULD� (XURSHD�
�()6$��FRPR� OD�$JHQFLD�GH�$OLPHQWDFLyQ�GH� ORV�(VWDGRV�
8QLGRV� �)'$�� DSUREDURQ� HO� FRQVXPR� GH� FDUQH� \� OHFKH�
SURYHQLHQWH� GH� DQLPDOHV� FORQDGRV�� WDOHV� FRPR� RYHMDV��
FHUGRV��YDFDV�\�FDEUDV��$PEDV�DJHQFLDV� LQGLFDQ�TXH�QR�
KD\� QLQJ~Q� LQGLFLR� GH� TXH�HVWRV� SURGXFWRV� VXSRQJDQ�XQ�
ULHVJR�SDUD�OD�VDOXG�
Fuente�� %HQLWR�� (�� ������ /D� 8(� DSUXHED� HO� FRQVXPR� GH�
DQLPDOHV� FORQDGRV�� (O� 3DtV�� �KWWS���HOSDLV�FRP�GLDULR������������
VRFLHGDG�����������B�������KWPO)
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8QD�DSOLFDFLyQ�DYDQ]DGD�GH�OD�ELRWHFQRORJtD�HQ�OD�JDQDGHUtD�
HV�OD�WHUDSLD�JpQLFD��PHGLDQWH�OD�FXDO�VH�EXVFD�PRGL¿FDU�HO�
JHQRPD�GH� ORV�DQLPDOHV�H� LQWURGXFLU�JHQHV�TXH�FDPELHQ� OD�
FRQIRUPDFLyQ�R�OD�FDOLGDG�GH�XQ�SURGXFWR��FRPR�SRU�HMHPSOR�
OD�OHFKH��

2.1.1 Cultivo LQ� YLWUR de células, tejidos y órganos 

vegetales

(O� FXOWLYR� in vitro� FRPSUHQGH� XQ� FRQMXQWR� GH� WpFQLFDV� TXH�
SHUPLWHQ�FXOWLYDU�FpOXODV��WHMLGRV�\�yUJDQRV�EDMR�FRQGLFLRQHV�
DVpSWLFDV� HQ� XQ�PHGLR� GH� FRPSRVLFLyQ� TXtPLFD� GH¿QLGD� \�
EDMR�FRQGLFLRQHV�ItVLFDV�FRQWURODGDV��

(O� FXOWLYR� in vitro� GH� FpOXODV�� WHMLGRV� \� yUJDQRV� WLHQH�
QXPHURVDV� DSOLFDFLRQHV� GHQWUR� GH� ODV� FXDOHV� SRGHPRV�
PHQFLRQDU�� SURSDJDFLyQ� FORQDO� D� JUDQ� HVFDOD� GH� HVSHFLHV�

Leche hipoalérgenica

8Q�JUXSR�GH�LQYHVWLJDGRUHV�QHR]HODQGpV�
GHO� ,QWLWXWR�$J5HVHDUFK��FUHR�XQD�YDFD�
JHQpWLFDPHQWH�PRGL¿FDGD�FRQ�HO�¿Q�GH�
SURGXFLU� OHFKH� DQWLDOpUJLFD�� 3DUD� HOOR��
LQKLELHURQ� OD� H[SUHVLyQ� GHO� JHQ� EHWD�
ODFWRJOREXOLQD��HO�FXDO�HV�UHVSRQVDEOH�GH�
SURGXFLU� XQD� SURWHtQD� FRQ� SURSLHGDGHV�
DOHUJpQLFDV�SUHVHQWH�HQ�OD�OHFKH�GH�YDFD��'DLV\��FRPR�VH�
OH� OODPy� D� OD� YDFD�� HOLPLQD� OD� SURWHtQD� TXH� VXHOH� FDXVDU�
UHDFFLRQHV�DOpUJLFDV��

Fuente:� 3UDWV�� -�� ������ 8QD� YDFD� PRGL¿FDGD� JHQpWLFDPHQWH�
SURGXFH� OHFKH� KLSRDOHUJpQLFD�� (O� 3DtV�� �KWWS���VRFLHGDG�HOSDLV�FRP�
VRFLHGDG������������DFWXDOLGDG�����������B�������KWPO)
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KRUWtFRODV��PHGLFLQDOHV��IUXWtFRODV��RUQDPHQWDOHV�\�IRUHVWDOHV�
FRQ� FDUDFWHUtVWLFDV� DJURQyPLFDV� GHVHDEOHV�� PHGLDQWH� HO�
FXOWLYR� GH�PHULVWHPRV� HV� SRVLEOH� REWHQHU� SODQWDV� OLEUHV� GH�
YLUXV�� SURGXFFLyQ� GH� VHPLOODV� DUWL¿FLDOHV�� FRQVHUYDFLyQ�
GH� JHUPRSODVPD�� REWHQFLyQ� GH� PHWDEROLWRV� VHFXQGDULRV��
SURGXFFLyQ� GH� QXHYRV� KtEULGRV�� SROLQL]DFLyQ� \� IHUWLOL]DFLyQ�
in vitro�� JHUPLQDFLyQ� GH� VHPLOODV�� SURGXFFLyQ� GH� SODQWDV�
KDSORLGHV�\�GREOHV�KDSORLGHV��)LJXUD����

2.1.2 Biotecnología y agricultura orgánica: compostaje 

y lombricultura

/DV�QXPHURVDV�\�YDULDGDV�DSOLFDFLRQHV�GH� OD�ELRWHFQRORJtD�
WDPELpQ�HVWiQ�GLVSRQLEOHV�SDUD�OD�DJULFXOWXUD�RUJiQLFD��'RV�GH�
HVWDV�DSOLFDFLRQHV�VRQ�HO�FRPSRVWDMH�\�OD�ORPEULFXOWXUD��3RU�
OR�WDQWR��OD�ELRWHFQRORJtD�HV�XQ�FRPSOHPHQWR�GH�OD�DJULFXOWXUD�
RUJiQLFD��

Aparación de mutantes: 

Variación somaclonal

Selección in vitro

Cultivo de anteras o polen: 

Haploides

Híbridos somáticos

Micropropagación

Productos secundarios

Figura 5.�$OJXQDV�DSOLFDFLRQHV�GHO�FXOWLYR in  vitro�GH�FpOXODV��WHMLGRV�\�
yUJDQRV�YHJHWDOHV
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(O�FRPSRVWDMH�HV�XQD�DFWLYLGDG�ELRWHFQROyJLFD�HQ� OD�TXH� OD�
PDWHULD�RUJiQLFD�VH�FRQYLHUWH�HQ�FRPSRVW�SRU�DFFLyQ�GH�ORV�
PLFURRUJDQLVPRV� GHO� VXHOR� \� VXV� HQ]LPDV�� (O� FRPSRVW� HV�
REWHQLGR� GH� PDQHUD� QDWXUDO� SRU� GHVFRPSRVLFLyQ� DHUyELFD�
�FRQ�R[tJHQR��GH�UHVLGXRV�RUJiQLFRV�SRU�DFFLyQ�GH�EDFWHULDV��
KRQJRV�H�LQVHFWRV��(O�FRPSRVWDMH�IRPHQWD�HO�UHFLFODMH�GH�ORV�
GHVHFKRV�RUJiQLFRV�\�UHGXFH�OD�FRQWDPLQDFLyQ��

3RU�RWUR�ODGR��OD�ORPEULFXOWXUD�HV�XQD�DFWLYLGDG�ELRWHFQROyJLFD�
TXH� VH� EDVD� HQ� OD� FUtD� GH� ORPEULFHV� SDUD� SURGXFLU� DERQR��
(Q� HVWH� SURFHVR� ODV� ORPEULFHV� GHVFRPSRQHQ� WRGR� WLSR�
GH� PDWHULD� RUJiQLFD� �H[FUHPHQWRV� GH� DQLPDOHV�� UHVLGXRV�
DJUtFRODV�\�GRPpVWLFRV��SDSHO��FDUWyQ�\�DVHUUtQ�GH�PDGHUD��\�
FRPR�UHVXOWDGR�HQ�VX�H[FUHPHQWR�VH�REWLHQH�ORPEULFRPSRVW�
R� KXPXV� GH� ORPEUL]�� $VLPLVPR�� VH� SXHGHQ� FXOWLYDU� ODV�
ORPEULFHV�SDUD�REWHQHU�FDUQH�SDUD�FRQVXPR�DQLPDO��DYHV�\�
SHFHV�� \� KDULQD�GH� ORPEUL]��(O� ORPEULFRPSRVW� HV� XQ�DERQR�
RUJiQLFR�QDWXUDO�TXH�DSRUWD�QXWULHQWHV�\�PLQHUDOHV�DO�VXHOR��
$VLPLVPR��PHMRUD�ODV�SURSLHGDGHV�ItVLFDV�GHO�VXHOR��FRPR�OD�
SHUPHDELOLGDG��OD�KXPHGDG�\�PHMRUD�OD�UHWHQFLyQ�GHO�DJXD��
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����/D�ELRWHFQRORJtD�EODQFD

&RQVLVWH�HQ�WRGDV�DTXHOODV�DSOLFDFLRQHV�GH�OD�ELRWHFQRORJtD�
UHODFLRQDGDV�FRQ�ORV�SURFHVRV�LQGXVWULDOHV��)LJXUD�����Existen 
QXPHURVRV�HMHPSORV�GH�ELRWHFQRORJtD�EODQFD��FRPR�OR�VRQ��

(Q�OD�LQGXVWULD�DOLPHQWLFLD��ODV�HQ]LPDV�H[WUDtGDV�GH�EDFWHULDV��
KRQJRV�� SODQWDV� \�DOJXQRV�DQLPDOHV� WLHQHQ�XQD�JUDQ�JDPD�
GH�DSOLFDFLRQHV��$Vt�SRU�HMHPSOR�� ODV�HQ]LPDV�Į�DPLODVDV�\�
ODV�DPLORJOXFRVLGDVDV�VH�HPSOHDQ�SDUD�FRQYHUWLU�HO�DOPLGyQ�
GHO� PDt]� HQ� XQ� MDUDEH� GH� JOXFRVD�� HO� FXDO� VH� XWLOL]D� SDUD�
HQGXO]DU�ORV�DOLPHQWRV�\�EHELGDV��(Q�OD�HODERUDFLyQ�GH�TXHVR�
VH� HPSOHDQ� ODV� HQ]LPDV� TXLPRVLQD�� OLSDVD� \� ODFWDVD�� ODV�
FXDOHV�FRQWULEX\HQ�D�OD�FRDJXODFLyQ�GH�OD�FDVHtQD�GH�OD�OHFKH�
\�FRQ¿HUHQ�VDERU�DO�TXHVR��)LJXUD��D���'HVGH�KDFH�DOJXQRV�
DxRV��VH�OH�DJUHJD�D�OD�OHFKH�OD�HQ]LPD�ODFWDVD�FRQ�HO�¿Q�GH�
SURGXFLU�OHFKH�VLQ�ODFWRVD��(Q�OD�LQGXVWULD�GHO�SDQ�VH�HPSOHD�
OD�OLSR[LGDVD��XQD�HQ]LPD�TXH�DFW~D�FRPR�EODQTXHDGRU�GH�OD�
KDULQD��7DPELpQ�VH�XWLOL]D�OD�DPLODVD�SDUD�GHJUDGDU�HO�DOPLGyQ�
D�D]~FDUHV�PiV� VHQFLOORV�� ORV� FXDOHV�SXHGHQ� VHU� XWLOL]DGRV�
SRU�ODV�OHYDGXUDV�HQ�OD�IDEULFDFLyQ�GHO�SDQ�\�FHUYH]D�

(Q�OD�IDEULFDFLyQ�GHO�SDSHO�VH�HPSOHDQ�FHOXODVDV�SDUD�GHJUDGDU�
OD�FHOXORVD��FRPSRQHQWH�SULQFLSDO�GH�OD�PDGHUD��)LJXUD��E��

(Q� OD� LQGXVWULD� WH[WLO� VH� HPSOHDQ� ODV� HQ]LPDV� Į�amilasas, 
OLSDVDV��SHFWLQDVDV��FHOXODVDV��FDWDODVDV�\�SHUR[LGDVDV�SDUD�
DEODQGDU��GHFRORUDU�WHODV�\�SDUD�PRGL¿FDU�ODV�¿EUDV��)LJXUD��F���
/DV� Į�DPLODVDV� EDFWHULDQDV VRQ� UHVSRQVDEOHV� GH� GHJUDGDU�
HO� DOPLGyQ� SUHVHQWH� HQ� ODV� ¿EUDV�� /DV� HQ]LPDV� OLSDVDV�
GHJUDGDQ�OD�JUDVD�\�VRQ�XVDGDV�HQ�OD�LQGXVWULD�WH[WLO�SDUD�HO�
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GHVHQJUDVDGR�GH� ODV�¿EUDV��3RU�RWUR� ODGR�� ODV�SHFWLQDVDV�\�
FHOXODVDV� VH� HPSOHDQ� SDUD� H[WUDHU� ODV� SHFWLQDV� \� FHOXORVD��
UHVSHFWLYDPHQWH�GH� OD�SDUHG�GH� ODV�¿EUDV�GHO�DOJRGyQ��/DV�
FDWDODVDV� \� SHUR[LGDVDV� VH� HPSOHDQ� SDUD� GHVFRPSRQHU� HO�
SHUy[LGR�GH�KLGURJHQR�UHVLGXDO�XWLOL]DGR�HQ�HO�EODQTXHDPLHQWR�
GH� ODV� WHODV��$VLPLVPR��VH�XWLOL]DQ�EDFWHULDV�\�KRQJRV�SDUD�
OD� GHVFRPSRVLFLyQ� GH� ORV� FRQWDPLQDQWHV� SUHVHQWHV� HQ� ORV�
OtTXLGRV�YHUWLGRV�SRU�OD�LQGXVWULD�WH[WLO� 

(Q� OD� SURGXFFLyQ� GH� ELRFRPEXVWLEOHV� VH� XWLOL]DQ�
PLFURRUJDQLVPRV�\�HQ]LPDV�SDUD� WUDQVIRUPDU�HO�DOPLGyQ�HQ�
D]~FDUHV��ORV�FXDOHV�VH�FRQYLHUWHQ�HQ�HWDQRO�SRU�IHUPHQWDFLyQ�
�)LJXUD� �G��� /D� IDEULFDFLyQ� GH� ELRHWDQRO� HV� XQ� SURFHVR�
VLPLODU� D� OD� IDEULFDFLyQ� GH� OD� FHUYH]D� HQ� GRQGH� SDUWLFLSDQ�
OHYDGXUDV� GHO� JpQHUR� 6DFFKDURP\FHV�� (O� ELRHWDQRO� VH�
SURGXFH�SULQFLSDOPHQWH�D�SDUWLU�GH�FDxD�GH�D]~FDU�R�PDt]��VLQ�

Figura 6.�$SOLFDFLRQHV�GH�OD�ELRWHFQRORJtD��HQ���D��LQGXVWULD�DOLPHQWLFLD���E��
HQ�OD��SURGXFFLyQ�GH�SDSHO���F��HQ�OD�LQGXVWULD�WH[WLO���G��HQ�OD�SURGXFFLyQ�
GH�ELRFRPEXVWLEOHV�\���H��HQ�OD�LQGXVWULD�PLQHUD��Fotografías tomadas de 
internet. 
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HPEDUJR��WDPELpQ�VH�SXHGHQ�XWLOL]DU�ORV�GHVHFKRV�DJUtFRODV��
FRPR�ORV�GHVHFKRV�GH�OD�LQGXVWULD�FDIHWDOHUD�R�EDQDQHUD�

$VLPLVPR� PHGLDQWH� SURFHVRV� ELRWHFQROyJLFRV� HV� SRVLEOH�
SURGXFLU�ELRGLHVHO�\�ELRJiV��(O�ELRGLHVHO�HV�XQ�ELRFRPEXVWLEOH�
TXH� VH� REWLHQH� D� SDUWLU� GH� DFHLWHV� YHJHWDOHV�� FRPR� ORV� GH�
VR\D��FRO]D�\�JLUDVRO��3RU�RWUR� ODGR��HO�ELRJiV�VH�REWLHQH�DO�
GHVFRPSRQHU� OD� PDWHULD� RUJiQLFD� SRU� DFFLyQ� GH� GLVWLQWDV�
EDFWHULDV��(O�ELRJiV�TXH�VH�GHVSUHQGH�GH�ORV�GLJHVWRUHV�HV�
ULFR�HQ�PHWDQR�TXH�SXHGH�VHU�HPSOHDGR�SDUD�JHQHUDU�HQHUJtD�
HOpFWULFD�R�PHFiQLFD��

(Q� OD� LQGXVWULD� PLQHUD� VH� XWLOL]DQ� PLFURRUJDQLVPRV� SDUD�
H[WUDHU�PHWDOHV�GH�ORV�PLQHUDOHV��(Q�HVWH�SURFHVR�FRQRFLGR�
FRPR�PLQHUtD�ELROyJLFD��VH�HPSOHDQ�SULQFLSDOPHQWH�EDFWHULDV�
SDUD�H[WUDHU�FREUH��QtTXHO��FREDOWR��]LQF��HQWUH�RWURV��)LJXUD�
�H�� 

Producción de biodiesel en Costa Rica

/D� HPSUHVD� FRVWDUULFHQVH� (QHUJtDV� %LRGHJUDGDEOHV� VH�
GHGLFDGD� D� LQYHVWLJDU�� GHVDUUROODU��
IRPHQWDU�\�SURGXFLU�HO�XVR�GH�GLYHUVDV�
DOWHUQDWLYDV�GH�HQHUJtD�GH�RULJHQ�QDWXUDO�
HQ�HO�FDPSR�GHO�WUDQVSRUWH��OD�LQGXVWULD�
\�OD�YLYLHQGD��
Fuente�� 6LWLR� HQ� LQWHUQHW� GH� OD� HPSUHVD�
(QHUJtDV�%LRGHJUDGDEOHV���KWWS���ZZZ�HQHUJLDVELRGHJUDGDEOHV�
FRP�KWWS���ZZZ�WHFQRORJLDVDJURDPELHQWDOHV�FRP�LQGH[�KWPO)
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(Q�OD�SURGXFFLyQ�GH�SOiVWLFR�OD�ELRWHFQRORJtD�MXHJD�XQ�SDSHO�
LPSRUWDQWH��$Vt�HV�SRVLEOH�XWLOL]DU�EDFWHULDV�SDUD�FRQYHUWLU�HO�
DOPLGyQ� HQ� iFLGR� OiFWLFR�� HO� FXDO� SRVWHULRUPHQWH� PHGLDQWH�
XQ� SURFHVR� TXtPLFR� VH� WUDQVIRUPD� HQ� SOiVWLFR�� $VLPLVPR��
VH�XWLOL]DQ�EDFWHULDV�SDUD�SURGXFLU�SOiVWLFRV�ELRGHJUDGDEOHV�
D� SDUWLU� GH� UHVLGXRV� DJURLQGXVWULDOHV� FRPR� OD�PHOD]D� GH� OD�
FDxD�GH�D]~FDU��/RV�JHQHV�EDFWHULDQRV� UHVSRQVDEOHV�GH� OD�
SURGXFFLyQ�GH�SOiVWLFR�KDQ�VLGR� LGHQWL¿FDGRV�H� LQWURGXFLGRV�
PHGLDQWH�LQJHQLHUtD�JHQpWLFD�HQ�SODQWDV�FRPR�VR\D��FDQROD��
PDt]�� DOJRGyQ�� DOIDOID� \� WDEDFR�� /RV� UHVXOWDGRV� GH� HVWDV�
LQYHVWLJDFLRQHV� KDQ� GHPRVWUDGR� TXH� HV� SRVLEOH� SURGXFLU�
SOiVWLFR�HQ�SODQWDV��

����/D�ELRWHFQRORJtD�URMD

&RQVLVWH�HQ�WRGDV�DTXHOODV�DSOLFDFLRQHV�GH�OD�ELRWHFQRORJtD�
HQ�HO�FDPSR�GH�OD�PHGLFLQD�\�HO�GLDJQyVWLFR�GH�HQIHUPHGDGHV�
HQ�KXPDQRV�\�DQLPDOHV��(Q�HVWH�FDPSR�OD�ELRWHFQRORJtD�WLHQH�
ODV� VLJXLHQWHV� DSOLFDFLRQHV�� GHVDUUROOR� GH� QXHYRV� IiUPDFRV�
\�YDFXQDV��GLDJQyVWLFR�PROHFXODU�GH�HQIHUPHGDGHV�� WHUDSLD�
JHQpWLFD�� LQJHQLHUtD� FHOXODU� \� GH� WHMLGRV� \� HO� GHVDUUROOR� GH�
QXHYDV� IRUPDV� GH� DGPLQLVWUDFLyQ� GH� IiUPDFRV� \� YDFXQDV�
�)LJXUD�����

'H� OD� PDQR� FRQ� OD� WHFQRORJtD� GHO�$'1� UHFRPELQDQWH� \� OD�
LQJHQLHUtD� JHQpWLFD� VH� EXVFD� GHVDUUROODU� QXHYRV� IiUPDFRV��
DQWLELyWLFRV� \� YDFXQDV� �)LJXUD� �D� \� E��� /D� SULPHUD� YDFXQD�
GHVDUUROODGD�SRU�WpFQLFDV�GH�LQJHQLHUtD�JHQpWLFD�IXH�OD�YDFXQD�
FRQWUD�OD�KHSDWLWLV�%��(Q�OD�DFWXDOLGDG��VH�HQFXHQWUDQ�HQ�IDVH�
GH�HQVD\RV�FOtQLFRV�YDFXQDV�FRQWUD�HO�DJHQWH�GHO�FyOHUD�� OD�
PDODULD�� HO� YLUXV� GH� OD� JULSH�� GHO� VLGD�� GHO� KHUSHV� VLPSOH� \�
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GH�OD�UDELD��$VLPLVPR��PHGLDQWH�UHFRPELQDFLyQ�JHQpWLFD�HV�
SRVLEOH�SURGXFLU�HQ�EDFWHULDV�� OHYDGXUDV�R�FpOXODV�KXPDQDV�
LQVXOLQD��IDFWRUHV�GH�FRDJXODFLyQ��KRUPRQDV��DQWLFRDJXODQWHV��
DQWLFXHUSRV�PRQRFORQDOHV�\�DQWLELyWLFRV��

/D� QHFHVLGDG� GH� XQ� GLDJQyVWLFR� SHUVRQDOL]DGR�� UiSLGR��
VHQVLEOH��SUHFLVR�\�GH�EDMR�FRVWR�KD�OOHYDGR�D�ORV�FLHQWt¿FRV�D�
GHVDUUROODU�PpWRGRV�GH�GHWHFFLyQ�GH�HQIHUPHGDGHV�EDVDGRV�
HQ� PDUFDGRUHV� PROHFXODUHV�� ORV� FXDOHV� VRQ� LQGLFDGRUHV�
GH� DOJXQD� HQIHUPHGDG� R� SDWRORJtD� HQ� ORV� VHUHV� YLYRV��
(QIHUPHGDGHV�FRPR� OD� WXEHUFXORVLV� \�HO�6,'$��HQWUH�RWUDV��
VRQ� GLDJQRVWLFDGDV� PHGLDQWH� WpFQLFDV� GH� 3&5� �5HDFFLyQ�
HQ�&DGHQD�GH� OD�3ROLPHUDVD���(VWD�WpFQLFD�SHUPLWH�REWHQHU�
XQ� JUDQ� Q~PHUR� GH� FRSLDV� GH� XQD� VHFXHQFLD� GHWHUPLQDGD�
GH�$'1�GHO�SDWyJHQR��OR�FXDO�SHUPLWH�LGHQWL¿FDU�LQIHFFLRQHV�

Figura 7.�$SOLFDFLRQHV�GH�OD�ELRWHFQRORJtD��HQ�HO�FDPSR�GH�OD�PHGLFLQD��
GHVDUUROOR� GH� QXHYDV� �D�� YDFXQDV� \� �E�� IiUPDFRV�� �F�� FXOWLYR� GH� SLHO��
�G�� GHVDUUROOR� GH�PRVTXLWRV�PRGL¿FDGRV� JHQpWLFDPHQWH� SDUD� HO� FRQWURO�
GH� HQIHUPHGDGHV� \� �H�� YDFXQDV� FRPHVWLEOHV�� Fotografías tomadas de 
internet. 
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La insulina: producto de la biotecnología moderna

/D� LQVXOLQD� HV� XQD� KRUPRQD� SURGXFLGD� \� VHFUHWDGD� SRU�
HO� SiQFUHDV� FX\D� IXQFLyQ� HV� UHJXODU� OD� FRQFHQWUDFLyQ�
GH�D]~FDU�HQ� OD� VDQJUH�� /D� LQFDSDFLGDG�SDUD�SURGXFLU� OD�
LQVXOLQD� JHQHUD� OD� HQIHUPHGDG� FRQRFLGD� FRPR� GLDEHWHV�
0HOOLWXV��/DV�SHUVRQDV�TXH�
SDGHFHQ�HVWD�HQIHUPHGDG�
SLHUGHQ� OD� FDSDFLGDG� GH�
UHJXODU� ORV� QLYHOHV� GH�
D]~FDU� HQ� OD� VDQJUH�� SRU�
OR�TXH�VH�GHEH�VXPLQLVWUDU�
LQVXOLQD�HQ�IRUPD�DUWL¿FLDO��

8QD� GH� ODV� DSOLFDFLRQHV�
PiV� H[LWRVDV� GH� OD�
ELRWHFQRORJtD� PRGHUQD�
HV� OD� SURGXFFLyQ� D� JUDQ�
HVFDOD�GH�LQVXOLQD�KXPDQD�
HQ�FpOXODV�EDFWHULDQDV��(Q�
HVWH� FDVR� VH� LQWURGXMR� HO�
JHQ�TXH�SURGXFH�OD�LQVXOLQD�
KXPDQD� HQ� EDFWHULDV�� ODV� FXDOHV� DFW~DQ� FRPR� IiEULFDV�
ELROyJLFDV��)LJXUD�����/D�SURGXFFLyQ�GH�LQVXOLQD�KXPDQD�HV�
GH�YLWDO� LPSRUWDQFLD�SDUD� ORV�PLOORQHV�GH�GLDEpWLFRV�HQ�HO�
SODQHWD��$VLPLVPR��OD�SURGXFFLyQ�GH�LQVXOLQD�HQ�EDFWHULDV�
KD� UHGXFLGR� JUDQGHPHQWH� HO� Q~PHUR� GH� SHUVRQDV� TXH�
SUHVHQWDQ� UHDFFLRQHV�DOpUJLFDV�� GHELGR�D� TXH� OD� LQVXOLQD�
TXH�VH�VROtD�H[WUDHU�GHO�SiQFUHDV�GH�ORV�FHUGRV�SURYRFDED�
DOHUJLD�HQ�ODV�SHUVRQDV�GLDEpWLFDV�

INSULINA TRANSGÉNICA

Fragmentos de ADN 

humano con genes 

responsables de la 

producción de insulina

ADN humano

ADN humano

ADN de bacteria

ADN de bacteria

ADN de bacteria

Insulina humana 

producida por la 

bacteria: Insulina 

Transgénica

Figura 8.�3URGXFFLyQ�ELRWHFQROyJLFD�
GH�LQVXOLQD�KXPDQD�HQ�FpOXODV�
EDFWHULDQDV��$GDSWDGR�GH�KWWS���

UDTXHHHO���EORJVSRW�FRP���������
JUDFLDV�DO�DYDQFH�GH�ODV�FLHQFLDV�

html
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YLUDOHV��EDFWHULDQDV�R�I~QJLFDV��

0HGLDQWH�OD�WHUDSLD�JHQpWLFD�HV�SRVLEOH�PRGL¿FDU�HO�PDWHULDO�
JHQpWLFR�GH�ODV�FpOXODV�VRPiWLFDV�R�QR�UHSURGXFWRUDV�FRQ�HO�
¿Q� GH� DXPHQWDU�� GLVPLQXLU�� VXVWLWXLU� R� VLOHQFLDU� OD� H[SUHVLyQ�
GH� FLHUWRV� JHQHV� UHVSRQVDEOHV� GH� DOJXQD� HQIHUPHGDG� R�
FDUDFWHUtVWLFD�¿VLROyJLFD�QR�GHVHDGD��(Q�HO�DxR�������XQ�JUXSR�
GH� LQYHVWLJDGRUHV� GHO� ,QVWLWXWR� GH� ,QYHVWLJDFLyQ� %LRPpGLFD�
GH� )UiQFIRUW�� ORJUDURQ� FXUDU� D� GRV� SDFLHQWHV� DGXOWRV� TXH�
SDGHFtDQ� JUDQXORPDWRVLV� FUyQLFD� OLJDGD� DO� FURPRVRPD� ;��
XQD� JUDYH� HQIHUPHGDG� GH� LQPXQRGH¿FLHQFLD� KHUHGLWDULD�� DO�
VXVWLWXLU�HO�JHQ�PXWDQWH�SRU�HO�JHQ�VDQR�TXH�OHV�KDFtD�IDOWD��

$VLPLVPR�� ORV�DYDQFHV�HQ� OD� LQJHQLHUtD�FHOXODU� \�GH� WHMLGRV�
SHUPLWLUiQ�OD�SURGXFFLyQ�GH�FpOXODV�\�WHMLGRV�TXH�VXVWLWX\DQ�D�
DTXHOORV�TXH�HVWiQ�GHJUDGDGRV��R�ELHQ�WHMLGRV�TXH�KDQ�VLGR�
H[WLUSDGRV�R�TXH�KDQ�SHUGLGR�VX�IXQFLyQ��(Q�$PpULFD�/DWLQD��
&RVWD� 5LFD� HVWi� D� OD� YDQJXDUGLD� HQ� HO� FXOWLYR� GH� FpOXODV�
GH�SLHO�KXPDQD�EDMR�FRQGLFLRQHV� in vitro �)LJXUD��F��� �Esta 
WpFQLFD�SHUPLWH�WUDWDU�SDFLHQWHV�FRQ�HQIHUPHGDGHV�GH�OD�SLHO�
\�TXHPDGXUDV�

$VLPLVPR�� OD�ELRWHFQRORJtD� MXHJD�XQ�SDSHO� LPSRUWDQWH�HQ�HO�
FRQWURO� GH� LQVHFWRV� WUDQVPLVRUHV�GH�HQIHUPHGDGHV��$Vt�SRU�
HMHPSOR��VH�KDQ�FUHDGR�PRVTXLWRV�JHQpWLFDPHQWH�PRGL¿FDGRV�
FRQ�HO�¿Q�GH�FRPEDWLU�OD�PDODULD�\�HO�GHQJXH��

/RV� DYDQFHV� HQ� HO� FDPSR� GH� OD� QDQRWHFQRORJtD� \� OD�
TXtPLFD�� SHUPLWLUiQ� D� ORV� FLHQWt¿FRV� GHVDUUROODU� QXHYDV�
IRUPDV� GH� DGPLQLVWUDU� ORV� IiUPDFRV� \� ODV� YDFXQDV� SRU� OD�
YtD� QDVDO� R� LQWUDGpUPLFD��$Vt� SRU� HMHPSOR�� ORV� IiUPDFRV� VH�
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SRGUtDQ� DGPLQLVWUDU� GH� PDQHUD� FRQWURODGD� HQ� UHVSXHVWD� D�
FLUFXQVWDQFLDV�GHWHUPLQDGDV��HQ�OD�FRQFHQWUDFLyQ�DGHFXDGD�
\�HQ�OD�]RQD�DIHFWDGD��2WUD�RSFLyQ�LQWHUHVDQWH�OD�FRQVWLWX\HQ�
ODV�YDFXQDV�FRPHVWLEOHV��ODV�FXDOHV�SRGUtDQ�LQJHULUVH�FRQ�ORV�
DOLPHQWRV��)LJXUD��H��

Mosquitos transgénicos

(O� GHQJXH� HV� XQD� HQIHUPHGDG� WUDQVPLWLGD� SRU� OD�
SLFDGXUD� GHO� PRVTXLWR� KHPEUD� GH� Aedes aegypti�� 8Q�
JUXSR� GH� LQYHVWLJDGRUHV� HQ� %UDVLO�� HQ� FRODERUDFLyQ� FRQ�

OD� HPSUHVD� 2[LWHF� GH� ,QJODWHUUD�� KDQ�
OLEHUDGR� � PRVTXLWRV� PDFKRV� HVWpULOHV�
JHQpWLFDPHQWH� PRGL¿FDGRV�� 'H� WDO�
PDQHUD�� TXH� DO� DSDUHDUVH� FRQ� ODV�
KHPEUDV�� QR� SRGUiQ� SURGXFLU� XQD�
QXHYD� GHVFHQGHQFLD�� FRQWULEX\HQGR�

DVt�D�UHGXFLU�OD�SREODFLyQ�GH�PRVTXLWRV��)LJXUD��G���
Fuente�� %DURQ�� )�� ������ 0RVTXLWRV� WUDQVJpQLFRV� SDUD� FRPEDWLU�
OD� HSLGHPLD� GH� GHQJXH�� (O� 3DtV�� �KWWS���VRFLHGDG�HOSDLV�FRP�
VRFLHGDG������������DFWXDOLGDG�����������B�������KWPO)
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����/D�ELRWHFQRORJtD�JULV

&RQVLVWH�HQ�WRGDV�DTXHOODV�DSOLFDFLRQHV�GH�OD�ELRWHFQRORJtD�
SDUD�OD�FRQVHUYDFLyQ�GH�OD�GLYHUVLGDG�ELROyJLFD�\�OD�HOLPLQDFLyQ�
GH� DJHQWHV� FRQWDPLQDQWHV� GHO� PHGLR� DPELHQWH� �)LJXUD� ����
/DV�DFWLYLGDGHV�KXPDQDV�\�HO�GHVDUUROOR�GH�OD�LQGXVWULD�WUDHQ�
FRQVLJR� OD� DFXPXODFLyQ� GH� VXVWDQFLDV� Wy[LFDV� \� GHVHFKRV�
QR�ELRGHJUDGDEOHV��(Q�UHVSXHVWD�D�HVWD�VLWXDFLyQ�VH�EXVFDQ�
VROXFLRQHV� TXH� PLQLPLFHQ� HO� LPSDFWR� QHJDWLYR� VREUH� HO�
DPELHQWH��

$Vt��OD�ELRWHFQRORJtD�RIUHFH�KHUUDPLHQWDV�TXH�SHUPLWHQ�GHWHFWDU�
FRPSXHVWRV�Wy[LFRV�\�GHVFRQWDPLQDU�HO�DPELHQWH�HPSOHDQGR�
PLFURRUJDQLVPRV� \� SODQWDV�� 8QD� GH� ODV� DSOLFDFLRQHV� GH� OD�
ELRWHFQRORJtD� FRQVLVWH� HQ� HPSOHDU� RUJDQLVPRV� YLYRV� FRPR�
LQGLFDGRUHV�ELROyJLFRV��FRQ�HO�¿Q�GH�HYDOXDU�HO�LPSDFWR�GH�ODV�
DFWLYLGDGHV�KXPDQDV�HQ�HO�PHGLR�DPELHQWH��)LJXUD��D���En 
HVWRV�HQVD\RV�VH�REVHUYD�HO�HIHFWR�GH�XQ�FRPSXHVWR�Wy[LFR�
VREUH�HO� FUHFLPLHQWR� \� OD� GLYHUVLGDG�GH�GLFKRV�RUJDQLVPRV��
/D� VHQVLELOLGDG� GH� FLHUWRV� RUJDQLVPRV� YLYRV�� WDOHV� FRPR�
EDFWHULDV��PLFURDOJDV��LQVHFWRV�DFXiWLFRV��FDQJUHMRV�\�SHFHV��

Figura 9.�$SOLFDFLRQHV�GH� OD�ELRWHFQRORJtD� � DPELHQWDO�� � �D��RUJDQLVPRV�
YLYRV� FRPR� LQGLFDGRUHV� GH� OD� FRQWDPLQDFLyQ� DPELHQWDO�� HPSOHR� GH� �E��
SODQWDV� \� �F�� PLFURRUJDQLVPRV� SDUD� OD� GHJUDGDFLyQ� GH� FRPSXHVWRV�
Wy[LFRV�HQ�VXVWDQFLDV�LQRFXDV�R�PHQRV�Wy[LFDV�SDUD�HO�PHGLR�DPELHQWH���
Fotografías tomadas de internet. 
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D�ORV�FDPELRV�DPELHQWDOHV�ORV�FRQYLHUWH�HQ�HO�LQGLFDGRU�LGHDO�
SDUD�HO�PRQLWRUHR�GH�VXVWDQFLDV�Wy[LFDV��

2WUD�GH�ODV�DSOLFDFLRQHV�GH�OD�ELRWHFQRORJtD�DPELHQWDO�FRQVLVWH�
HQ�OD�XWLOL]DFLyQ�GH�PLFURRUJDQLVPRV��SODQWDV�R�iUEROHV��R�VXV�
GHULYDGRV�� SDUD� OD� GHJUDGDFLyQ� GH� FRPSXHVWRV� Wy[LFRV� HQ�
VXVWDQFLDV�LQRFXDV�R�PHQRV�Wy[LFDV�SDUD�HO�PHGLR�DPELHQWH��

$OJXQDV�HVSHFLHV�GH�SODQWDV�\�iUEROHV� WLHQHQ� OD� FDSDFLGDG�
GH�DEVRUEHU��DFXPXODU�\�GHJUDGDU�FRPSXHVWRV�Wy[LFRV�FRPR�
PHWDOHV� SHVDGRV�� FRPSXHVWRV� RUJiQLFRV� R� UDGLRDFWLYRV� HQ�
FRPSXHVWRV�PHQRV�Wy[LFRV�R�LQRFXRV�SDUD�HO�PHGLR�DPELHQWH�
�)LJXUD� �E��� /DV� HVSHFLHV� YHJHWDOHV� FDSDFHV� GH� llevar a 
FDER�HVWRV�SURFHVRV�QR�VRQ�UDUDV�VLQR�PiV�ELHQ�FRQRFLGDV��
$Vt�� HO� JLUDVRO� HV� FDSD]� GH� DEVRUEHU� XUDQLR� GHSRVLWDGR� HQ�
HO�VXHOR��0LHQWUDV�TXH�� ORV�iODPRV�SXHGHQ�DEVRUEHU�QtTXHO��
FDGPLR�\�]LQF��5HFLHQWHPHQWH�� ORV�DYDQFHV�HQ�OD� LQJHQLHUtD�
JHQpWLFD� KDQ� SHUPLWLGR� OD� FUHDFLyQ� GH� SODQWDV�PRGL¿FDGDV�
JHQpWLFDPHQWH��ODV�FXDOHV�VRQ�FDSDFHV�GH�GHJUDGDU�PHWDOHV�
SHVDGRV�\�KHUELFLGDV�SUHVHQWHV�HQ�HO�VXHOR��

/D� UHPHGLDFLyQ� ELROyJLFD� DSURYHFKD� OD� FDSDFLGDG� GH� ORV�
PLFURRUJDQLVPRV� SDUD� PHWDEROL]DU� FRPSXHVWRV� RUJiQLFRV�
Wy[LFRV�\�FRQYHUWLUORV�HQ�VXVWDQFLDV�LQRFXDV�R�PHQRV�Wy[LFDV�
SDUD�HO�PHGLR�DPELHQWH��)LJXUD��F���'H�HVWD�PDQHUD��H[LVWHQ�
EDFWHULDV�\�KRQJRV�FDSDFHV�GH�GHJUDGDU�PHWDOHV�SHVDGRV��
GHWHUJHQWHV��KHUELFLGDV�H�KLGURFDUEXURV��WDOHV�FRPR�HO�SHWUyOHR�
\�VXV�GHULYDGRV��2�SRU�HO�FRQWUDULR��ORV�PLFURRUJDQLVPRV�VH�
KDQ� PRGL¿FDGR� JHQpWLFDPHQWH� GH� WDO� PDQHUD� TXH� SXHGDQ�
GHJUDGDU�H[SORVLYRV��KLGURFDUEXURV��FRPSXHVWRV�UDGLRDFWLYRV�
R�FRPSXHVWRV�ULFRV�HQ�PHWDOHV�SHVDGRV�R�FORUR�
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3RU� ~OWLPR�� OD� UHPHGLDFLyQ� HQ]LPiWLFD� HPSOHD�HQ]LPDV�� ODV�
FXDOHV� VRQ� FDSDFHV� GH� GHJUDGDU� FRPSXHVWRV� DOWDPHQWH�
Wy[LFRV�HQ�OXJDUHV�HQ�GRQGH�ORV�PLFURRUJDQLVPRV�QR�SXHGHQ�
VREUHYLYLU� GHELGR� D� OD� DOWD� WR[LFLGDG� GH� ORV� FRQWDPLQDQWHV��
3RU�HMHPSOR��VH�XWLOL]D� OD�HQ]LPD�SHUR[LGDVD�SDUD�GHJUDGDU�
IHQROHV�\�DPLQDV�DURPiWLFDV�SUHVHQWHV�HQ�DJXDV�UHVLGXDOHV��

La biotecnología gris en Costa Rica

(Q� &RVWD� 5LFD� H[LVWHQ� YDULDV� HPSUHVDV� TXH� EULQGDQ�
VROXFLRQHV�SDUD�PLQLPL]DU�HO�LPSDFWR�QHJDWLYR�
VREUH� HO� DPELHQWH� GH� ODV� DFWLYLGDGHV�
LQGXVWULDOHV�� (VWDV� FRPSDxtDV� KDFHQ�
XVR�GH� OD� ELRWHFQRORJtD� SDUD� FRQVHUYDU�
OD� GLYHUVLGDG� ELROyJLFD� \� HOLPLQDU�
DJHQWHV�FRQWDPLQDQWHV�GHO�PHGLR�
DPELHQWH��

Así, por ejemplo la empresa 
costarricense Bioproyectos 
&RVWD� 5LFD� 6�$�� RIUHFH� SURGXFWRV�
ELROyJLFRV� SDUD� WUDWDPLHQWR� GH� DJXDV� \�
ELRUUHPHGLDFLyQ�GH�VXHORV��0LHQWUDV�TXH��
OD�HPSUHVD�����6ROXFLRQHV�9HUGHV�EXVFD�
GDUOH�DOWHUQDWLYDV�H¿FLHQWHV�\�VHQFLOODV�SDUD�
HO�DSURYHFKDPLHQWR�GH�ORV�UHVLGXRV�RUJiQLFRV��ORV�FXDOHV�
SXHGHQ�VHU�FRQYHUWLGRV�HQ�FRPSRVW�
Fuente�� 6LWLR� HQ� LQWHUQHW� GH� OD� HPSUHVD� %LRSUR\HFWRV� &RVWD� 5LFD�
6�$�� �KWWS���ZZZ�ELRSUR\HFWRV�FU�LQGH[�KWPO��\�����6ROXFLRQHV�YHUGHV�
�KWWS������VROXFLRQHVYHUGHV�FRP�TXLHQHV�SHU¿O�)
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����/D�ELRWHFQRORJtD�D]XO

/D� ELRWHFQRORJtD� PDULQD� HV� XQD� GLVFLSOLQD� HPHUJHQWH�� TXH�
WLHQH� FRPR� REMHWLYR� HPSOHDU� ORV� UHFXUVRV� GH� DJXD� GXOFH� R�
PDULQRV�R�VXV�GHULYDGRV�SDUD�OD�JHQHUDFLyQ�GH�SURGXFWRV�\�
DSOLFDFLRQHV� GH� LQWHUpV� SDUD� HO� KRPEUH� �)LJXUD� �����En los 

RFpDQRV� HV� SRVLEOH� HQFRQWUDU� OD� PD\RU� ELRGLYHUVLGDG� GHO�
SODQHWD��SXHV�UHSUHVHQWDQ�DOUHGHGRU�HO�����GH�OD�VXSHU¿FLH�
GH�OD�7LHUUD��(V�SRU�HOOR��TXH�ORV�FLHQWt¿FRV�KDQ�EXVFDGR�HQ�
HOORV�QXHYRV�FRPSXHVWRV�TXH�VHDQ�~WLOHV�SDUD�OD�LQGXVWULD�\�
OD� FRQVHUYDFLyQ�GHO�PHGLR�DPELHQWH�� /RV� UHFXUVRV�PDULQRV�
UHSUHVHQWDQ� XQD� IXHQWH� SRWHQFLDO� SDUD� HO� GHVDUUROOR� GH�
QXHYRV�PHGLFDPHQWRV��DOLPHQWRV��FRVPpWLFRV��ELRPDWHULDOHV�
\�IXHQWHV�GH�HQHUJtD�QR�FRQWDPLQDQWHV��$Vt�SRU�HMHPSOR��ORV�
SULPHURV�PHGLFDPHQWRV�FRQ�DFWLYLGDG�DQWLYLUDO�IXHURQ�DLVODGRV�
GH�OD�HVSRQMD�PDULQD�7HWK\D�FU\SWD��

$VLPLVPR�� OD�ELRWHFQRORJtD�PDULQD� LQFOX\H� OD�SURGXFFLyQ�GH�

Figura 10.�$SOLFDFLRQHV�GH�OD�ELRWHFQRORJtD��PDULQD����D��SURGXFFLyQ�GH�
SHFHV�� PROXVFRV�� FUXVWiFHRV� \� SODQWDV� DFXiWLFDV� HQ� HVWDQTXHV� \� �E��
PRGL¿FDFLyQ�JHQpWLFD�GH�HVSHFLHV�DFXiWLFDV��FRPR���VDOPRQHV��WUXFKDV�
\�WLODSLDV��FRQ�HO�¿Q�GH�DXPHQWDU� OD�SURGXFWLYLGDG�� OD�WROHUDQFLD�DO� IUtR�\�
UHVLVWHQFLD�D�HQIHUPHGDGHV��Fotografías tomadas de internet. 



41

SHFHV��PROXVFRV��FUXVWiFHRV�\�SODQWDV�DFXiWLFDV�HQ�HVWDQTXHV�
�)LJXUD� ��D��� /D� DFXLFXOWXUD� HV� XQD� SUiFWLFD� DQWLJXD� \� VH�
FUHH�TXH� WXYR�VXV� LQLFLRV�HQ�&KLQD�\� OD�0HVRSRWDPLD�KDFH�
DSUR[LPDGDPHQWH�����������DxRV�

3RU�RWUR�ODGR��ORV�DYDQFHV�HQ�WpFQLFDV�PROHFXODUHV�\�SUXHEDV�
EDVDGDV�HQ�$'1�SHUPLWHQ�GHWHFWDU�HO�VH[R�HQ�YDULDV�HVSHFLHV�
GH�SHFHV��DVt�FRPR� ODV�VHFXHQFLDV�HVSHFt¿FDV�GH�$'1�GH�
FLHUWRV� SDWyJHQRV� �EDFWHULDV�� KRQJRV� \� YLUXV�� TXH� DIHFWDQ�
D� ORV� RUJDQLVPRV� DFXiWLFRV��$GHPiV�� VH� KDQ� GHVDUUROODGR�
WpFQLFDV�TXH�SHUPLWHQ�FRQWURODU�HO�VH[R�GH�DOJXQDV�HVSHFLHV�
GH� SHFHV� \� FUXVWiFHRV�� FRQ� HO� ¿Q� GH� H[SORWDU� ODV� PHMRUHV�
FDUDFWHUtVWLFDV�SURGXFWLYDV�GH�XQ�GHWHUPLQDGR�VH[R��

$VLPLVPR��ORV�DYDQFHV�HQ�LQJHQLHUtD�JHQpWLFD�KDQ�SHUPLWLGR�
OD� PRGL¿FDFLyQ� JHQpWLFD� GH� HVSHFLHV� DFXiWLFDV� �)LJXUD�
��E��� (V� DVt� FRPR� VH� KDQ� FUHDGR� SHFHV� �VDOPRQHV��
WUXFKDV� \� WLODSLDV��PRGL¿FDGRV�JHQpWLFDPHQWH� FRQ�HO� ¿Q�GH�
DXPHQWDU� OD�SURGXFWLYLGDG�� OD� WROHUDQFLD�DO� IUtR�\� UHVLVWHQFLD�
D�HQIHUPHGDGHV��6LQ�HPEDUJR��HV�LPSRUWDQWH�PHQFLRQDU�TXH�
D~Q�QLQJXQR�GH�HVWRV�RUJDQLVPRV�VH�HQFXHQWUD�HQ�HWDSD�GH�
FRPHUFLDOL]DFLyQ��
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Salmón transgénico

(Q������OD�HPSUHVD�HVWDGRXQLGHQVH�$TXDERXQW\�GHVDUUROOR�
SRU�LQJHQLHUtD�JHQpWLFD�XQ�VDOPyQ�WUDQVJpQLFR��HO�FXDO�FUHFH�
PXFKR�PiV�UiSLGR�TXH�VX�SDULHQWH�FRQYHQFLRQDO��7UDV����
DxRV�GH�LQYHVWLJDFLyQ��OD�$JHQFLD�GH�
$OLPHQWDFLyQ� GH� ORV�(VWDGRV�8QLGRV�
GH�$PpULFD��)'$��FRQFOX\y�TXH�HVWD�
HVSHFLH��QR�DIHFWD�DO�PHGLR�DPELHQWH��
$VLPLVPR��\D�SDUD�HO�DxR�������OD�)'$�
GLFWDPLQy�TXH�HO�FRQVXPR�GHO�VDOPyQ�
WUDQVJpQLFR� HV� WDQ� VHJXUR� FRPR� HO�
VDOPyQ�DWOiQWLFR�FRQYHQFLRQDO��

(Q�FXDQWR�DO�ULHVJR�DPELHQWDO�\�ULHVJR�
GH�HVFDSH��OD�)'$�FRQVLGHUy�TXH�HO�
ULHVJR� HV� H[WUHPDGDPHQWH� UHPRWR�
SXHV� VRODPHQWH� VH� FUtDQ� KHPEUDV�
HVWpULOHV� \� HQ� FDVR� GH� GDUVH� XQ�
HVFDSH�GH�ODV�JUDQMDV�GH�SURGXFFLyQ��
QR� SRGUtDQ� VREUHYLYLU� HQ� DJXDV�
FiOLGDV��(VWH�VDOPyQ�WUDQVJpQLFR�HV�
FXOWLYDGR�HQ�HVWDQTXHV�HQ�&DQDGi�\�
HQ�3DQDPi��

Fuente��0pQGH]��5��������(O�VDOPyQ�WUDQVJpQLFR��D�SXQWR�GH�YHU�
OD�OX]�GHVSXpV�GH����DxRV�GH�H[iPHQHV��(O�3DtV���KWWS���VRFLHGDG�
HOSDLV�FRP�VRFLHGDG������������DFWXDOLGDG�����������B�������
html���)RWRJUDItDV��$TXD%RXQW\¶V�$TX$GYDQWDJH�
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����)XWXUR�GH�OD�ELRWHFQRORJtD�PRGHUQD

2.6.1 Biología sintética

/D�ELRORJtD�VLQWpWLFD�HV�XQD�GLVFLSOLQD�FX\R�REMHWLYR�SULQFLSDO�
HV� OD� FUHDFLyQ� GH� PROpFXODV� ELROyJLFDV� X� RUJDQLVPRV� TXH�
QR� VH� HQFXHQWUDQ� HQ� OD� QDWXUDOH]D� R� ELHQ� UHGLVHxDU� ORV�
RUJDQLVPRV�TXH�\D�H[LVWHQ��(O�SULPHU�SDVR�HQ�HO�GLVHxR�GH�
RUJDQLVPRV� DUWL¿FLDOHV� FRQVLVWH� HQ� HO� FRQRFLPLHQWR� GH� ODV�
VHFXHQFLDV� GH�$'1� \� GH� ORV� JHQHV� TXH� KDFHQ� SRVLEOH� OD�
YLGD�� 3RVWHULRUPHQWH�� FRQ� D\XGD� GH� OD� LQJHQLHUtD� JHQpWLFD�
VH� GLVHxDQ� QXHYDV� PROpFXODV� GH� $'1� \� VH� LQWURGXFHQ�
HQ� ORV� PLFURRUJDQLVPRV�� $Vt�� OD� SULPHUD� EDFWHULD� VLQWpWLFD�
IXH�FUHDGD�HQ�HO� DxR������SRU�XQ�JUXSR�GH� LQYHVWLJDGRUHV�
GHO� ,QVWLWXWR� -�� &UDLJ� 9HQWHU� GH� ORV� (VWDGRV� 8QLGRV�� (VWRV�
LQYHVWLJDGRUHV� VLQWHWL]DURQ� TXtPLFDPHQWH� HO� JHQRPD� GH� OD�
bacteria Mycoplasma mycoides�� GDQGR� RULJHQ� D� OD� HVSHFLH�
VLQWpWLFD�M. mycoides� -&9,�V\Q����� OD� FXDO� HV� LGpQWLFD� D� OD�
EDFWHULD�RULJLQDO�

8QR�GH�ORV�FDPSRV�PiV�IDYRUHFLGRV�FRQ�HO�GHVDUUROOR�GH�OD�
ELRORJtD�VLQWpWLFD�VHUi�HO�GH�OD�PHGLFLQD��/D�ELRORJtD�VLQWpWLFD�
SHUPLWLUi� HO� GHVDUUROOR� GH�QXHYRV� IiUPDFRV�SHUVRQDOL]DGRV��
OD� WHUDSLD� JpQLFD�� OD� UHSDUDFLyQ� \� UHJHQHUDFLyQ� GH� WHMLGRV��
$VLPLVPR�� HQ� HO� FDPSR�GH� OD� ELRUUHPHGLDFLyQ� VHUi� SRVLEOH�
GLVHxDU� EDFWHULDV� \� KRQJRV� DUWL¿FLDOHV� FDSDFHV� GH� HOLPLQDU�
FRPSXHVWRV� Wy[LFRV�� GHVFRQWDPLQDU� HO� PHGLR� DPELHQWH� \�
H[WUDHU� PLQHUDOHV� \� PHWDOHV� GH� LQWHUpV� SDUD� OD� LQGXVWULD��
7DPELpQ��OD�ELRORJtD�VLQWpWLFD�SHUPLWLUi�UHGLVHxDU�ODV�EDFWHULDV�
SDUD� OD� SURGXFFLyQ� GH� QXHYRV�PDWHULDOHV� \� QXHYDV� IRUPDV�
GH� FRPEXVWLEOHV� ELROyJLFRV�� 3DUD� HOOR�� VH� HVWi� WUDEDMDQGR�
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HQ�OD�REWHQFLyQ�GH�KLGUyJHQR�R�HWDQRO��HQ�OD�WUDQVIRUPDFLyQ�
GH�HQHUJtD� VRODU� HQ�KLGUyJHQR�R� OD� FRQYHUVLyQ�H¿FLHQWH� GH�
UHVLGXRV�HQ�HQHUJtD�D�SDUWLU�GH�PLFURRUJDQLVPRV�VLQWpWLFRV��

2.6.2 Nanobiotecnología

2WUR�GH�ORV�DGHODQWRV�FRQ�XQ�JUDQ�LPSDFWR�HQ�OD�DSOLFDFLyQ�GH�
OD�ELRWHFQRORJtD��HV�OD�QDQRWHFQRORJtD�TXH�VH�GH¿QH�FRPR�³el 
estudio, diseño, creación, síntesis, manipulación y aplicación 
de materiales, aparatos y sistemas funcionales a través 
del control de la materia a nano escala´�� OR�TXH�WDPELpQ�KD�
SHUPLWLGR�DFXxDU�HO�FRQFHSWR�GH�1DQRFLHQFLD�

/D� QDQRELRWHFQRORJLD� WLHQH� PXFKtVLPDV� DSOLFDFLRQHV� HQ�
1DQRPHGLFLQD��8QD� GH� ODV� DSOLFDFLRQHV�PiV� SURPHWHGRUDV�
VHUtD� OD� KDELOLGDG� GH� SURJUDPDU� QDQRURERWV� R� QDQRERW�
�PiTXLQDV�R�URERWV�FX\RV�FRPSRQHQWHV�HVWiQ�R�VRQ�FHUFDQRV�
D� HVFDOD� QDQRPpWULFD��� SDUD� EXVFDU� \� GHVWUXLU� ODV� FpOXODV�
UHVSRQVDEOHV� GH� OD� IRUPDFLyQ� GHO� FiQFHU�� /RV� QDQRERWV�
GH� OD� QDQRPHGLFLQD� SRGUtDQ� SURGXFLUVH� FRQ� OD� IXQFLyQ� GH�
UHHVWUXFWXUDU� R� UHSDUDU� WHMLGRV� PXVFXORVRV� X� yVHRV�� /DV�
IUDFWXUDV�SRGUtDQ�VHU�FRVD�GHO�SDVDGR��ORV�QDQRERWV�SRGUtDQ�
SURJUDPDUVH�SDUD�LGHQWL¿FDU�¿VXUDV�HQ�ORV�KXHVRV�\�DUUHJODU�
pVWRV�GH�GRV�IRUPDV��UHDOL]DQGR�DOJ~Q�SURFHVR�SDUD�DFHOHUDU�
OD� UHFXSHUDFLyQ�GHO�KXHVR� URWR�R� IXQGLpQGRVH�FRQ�HO�KXHVR�
URWR�R�LQFOXVLYH�ODV�GRV��\�DVt�FRQ�LQ¿QLGDG�GH�HQIHUPHGDGHV�
GH�YDULRV�WLSRV�GLVROYLHQGR�VXVWDQFLDV�GH�P~OWLSOHV�YDULHGDGHV�
VHJ~Q�� HQ� VDQJUH� R� HQ� OD� ]RQD� D� WUDWDU� HVSHFt¿FDPHQWH��
LQ\HFWDQGR�SHTXHxDV�FDQWLGDGHV�GH�DQWLELyWLFRV�R�DQWLVpSWLFRV�
HQ�FDVR�GH�UHVIULDGRV�R�LQÀDPDFLRQHV��HQWUH�RWURV�
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Módulo 3:�3ODQWDV�JHQpWLFDPHQWH�PRGL¿FDGDV

(VWH� PyGXOR� WUDWD� VREUH� ORV� RUJDQLVPRV� JHQpWLFDPHQWH�
PRGL¿FDGRV��KDFLHQGR�KLQFDSLp�HQ�ODV�SODQWDV�JHQpWLFDPHQWH�
PRGL¿FDGDV�� $XQTXH� D� QLYHO� PXQGLDO� VH� KDQ� GHVDUUROODGR�
DQLPDOHV� JHQpWLFDPHQWH� PRGL¿FDGRV�� HQ� &RVWD� 5LFD� D� OD�
IHFKD� VRODPHQWH� VH� KD� DXWRUL]DGR� OD� OLEHUDFLyQ� DO� PHGLR�
DPELHQWH�GH�FXOWLYRV�JHQpWLFDPHQWH�PRGL¿FDGRV��

����¢4Xp�HV�XQD�SODQWD�JHQpWLFDPHQWH�PRGL¿FDGD"

/D� PRGL¿FDFLyQ� JHQpWLFD� SRU� ELRWHFQRORJtD� PRGHUQD� VH�
SXHGH�GH¿QLU�FRPR� OD� LQWURGXFFLyQ�GH�XQR�R�PiV�JHQHV�GH�
GLIHUHQWH�RULJHQ� �YLUXV��EDFWHULDV��SODQWDV�\�R�DQLPDO��HQ�XQ�
JHQRPD� UHFHSWRU�� 3RU� OR� WDQWR�� ODV� SODQWDV� JHQpWLFDPHQWH�
PRGL¿FDGDV� VRQ� DTXHOORV� RUJDQLVPRV� D� ORV� TXH� VH� OHV� KD�
LQWURGXFLGR�PHGLDQWH�LQJHQLHUtD�JHQpWLFD�VHFXHQFLDV�GH�$'1�
FRUUHVSRQGLHQWHV� D� XQR� R�PiV� JHQHV��$FWXDOPHQWH�� GHQWUR�
GH� HVWD� FDWHJRUtD� VH� LQFOX\HQ� D� ODV� SODQWDV� REWHQLGDV� SRU�
WUDQVJpQHVLV�\�ODV�REWHQLGDV�SRU�FLVJpQHVLV��7UDGLFLRQDOPHQWH�
VH� KDEOD� GH� SODQWDV� WUDQVJpQLFDV� SDUD� UHIHULUVH� D� DTXHOODV�
SODQWDV�D�ODV�FXDOHV�VH�OHV�KD�LQWURGXFLGR�XQR�R�YDULRV�JHQHV�
�WUDQVJpQHV�� SURYHQLHQWHV� GH� XQ� RUJDQLVPR� GLIHUHQWH� QR�
HPSDUHQWDGR��0LHQWUDV�TXH� ODV�SODQWDV�FLVJpQLFDV�� WDPELpQ�
GHQRPLQDGDV� LQWUDJpQLFDV��VRQ�WRGDV�DTXHOODV�D� ODV�TXH�VH�
OHV�KD�PRGL¿FDGR�XQ�JHQ��FLVJHQH��SURYHQLHQWH�GH�OD�PLVPD�
SODQWD�R�XQ�SDULHQWH�FHUFDQR��

(Q�OD�DFWXDOLGDG��OD�ELRWHFQRORJtD�PRGHUQD�HV�XQ�FRPSOHPHQWR�
D� ODV� SUiFWLFDV� GH�PHMRUDPLHQWR� JHQpWLFR� FRQYHQFLRQDO�� /D�
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ELRWHFQRORJtD�PRGHUQD�HV�XQD�KHUUDPLHQWD�VHJXUD�\�H¿FLHQWH�
TXH�HOLPLQD�JUDQ�SDUWH�GHO�D]DU�SUHVHQWH�HQ�HO�PHMRUDPLHQWR�
JHQpWLFR�FRQYHQFLRQDO��$VLPLVPR�� OD�ELRWHFQRORJtD�PRGHUQD�
SHUPLWH� DFHOHUDU� ORV� SURJUDPDV� GH�PHMRUDPLHQWR� JHQpWLFR��
DO� SHUPLWLUOHV� D� ORV� PHMRUDGRUHV� LQWURGXFLU� VRODPHQWH� ORV�
JHQHV� GHVHDGRV� HQ� XQ� FXOWLYR��$GHPiV�� ORV� JHQHV� TXH� VH�
YDQ�D�LQWURGXFLU�HQ�ODV�SODQWDV�SXHGHQ�SURYHQLU�GH�FXDOTXLHU�
HVSHFLH��HPSDUHQWDGD�R�QR�� VXSHUDQGR�DVt� ODV�EDUUHUDV�GH�
WUDQVIHUHQFLD�GH�JHQHV�HQWUH�HVSHFLHV�H�LQFOXVLYH�HQWUH�UHLQRV��

����¢&yPR�VH�KDFH�XQD�SODQWD�JHQpWLFDPHQWH�PRGL¿FDGD"

/D� FUHDFLyQ�GH�SODQWDV� JHQpWLFDPHQWH�PRGL¿FDGDV�KD� VLGR�
OOHYDGD�D�FDER�VLJXLHQGR�XQR�GH�ORV�VLJXLHQWHV�PpWRGRV��

9�7UDQVIHUHQFLD� LQGLUHFWD� GH�$'1� XWLOL]DQGR� XQ� YHFWRU�
como $JUREDFWHULXP� WXPHIDFLHQV�� $�� UKL]RJHQHV�� $��
rubi o�5KL]RELXP�

9�7UDQVIHUHQFLD�GLUHFWD�GHO�$'1�PHGLDQWH�ELREDOtVWLFD�R�
ERPEDUGHR�GH�PLFURSUR\HFWLOHV�\�OD�HOHFWURSRUDFLyQ�

3.2.1 Transformación mediada por $JUREDFWHULXP

8QR� GH� ORV� PpWRGRV� PiV� XWLOL]DGRV� SDUD� OD� PRGL¿FDFLyQ�
JHQpWLFD� GH� SODQWDV� HV� PHGLDGR� SRU� OD� EDFWHULD� GHO� VXHOR�
Agrobacterium tumefaciens �)LJXUD����. Esta bacteria posee 
OD�FDSDFLGDG�GH�WUDQVIHULU�XQ�VHJPHQWR�GHO�$'1�GHO�SOiVPLGR�
7L��LQGXFWRU�GH�WXPRU���HO�FXDO�VH�FRQRFH�FRPR�$'1�7��D�ODV�
FpOXODV�YHJHWDOHV�GRQGH�VH�LQWHJUD�\�SURYRFD�OD�HQIHUPHGDG�
TXH�VH�FRQRFH�FRPR�³DJDOOD�GH�OD�FRURQD´��(O�$'1�7�FRQWLHQH�
JHQHV�EDFWHULDQRV�UHVSRQVDEOHV�GH�OD�VtQWHVLV�GH�KRUPRQDV�
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YHJHWDOHV�� SULQFLSDOPHQWH� FLWRVLQDV� \� DX[LQDV�� TXH� FDXVDQ�
OD�GLYLVLyQ�FHOXODU�\�OD�IRUPDFLyQ�GH�DJDOODV��7DPELpQ�SRVHH�
JHQHV�TXH�SDUWLFLSDQ�HQ� OD� VtQWHVLV�GH�RSLQDV�� FRPSXHVWRV�
TXH� VRQ� VHFUHWDGRV� \� XWLOL]DGRV� FRPR� IXHQWH� GH� QXWULHQWHV�
SDUD�OD�EDFWHULD��

/D� FDSDFLGDG� QDWXUDO� GH� Agrobacterium� SDUD� WUDQVIHULU�
JHQHV� D� OD� FpOXOD� YHJHWDO� KD� VLGR� XWLOL]DGD� SDUD� FUHDU� SRU�
LQJHQLHUtD�JHQpWLFD�SODQWDV�JHQpWLFDPHQWH�PRGL¿FDGDV��$Vt��
ORV�JHQHV�UHVSRQVDEOHV�GH�OD�IRUPDFLyQ�GH�DJDOODV�\�VtQWHVLV�
GH� RSLQDV� SXHGHQ� VHU� UHHPSOD]DGRV� SRU� DOJ~Q� JHQH� GH�
LQWHUpV�\�XQ�JHQH�GH�VHOHFFLyQ��JHQ�TXH�FRQ¿HUH�UHVLVWHQFLD�
D� DOJ~Q� DQWLELyWLFR� R� KHUELFLGD��� /D� PRGL¿FDFLyQ� JHQpWLFD�
PHGLDGD� SRU�Agrobacterium inicia con el contacto entre la 
EDFWHULD�TXH�SRUWD�HO�JHQH�GH� LQWHUpV�HQ�VX�SOiVPLGR�\� ODV�
FpOXODV� YHJHWDOHV�� 3RVWHULRUPHQWH�� HO�$'1�7� HV� WUDQVIHULGR�
GHVGH� OD� FpOXOD� EDFWHULDQD� DO� Q~FOHR� GH� OD� FpOXOD� YHJHWDO�
GRQGH� VH� LQWHJUD�� /XHJR� GH� OD� WUDQVIRUPDFLyQ�� ODV� FpOXODV�

Figura 11.�6LVWHPD�GH�PRGL¿FDFLyQ�GH�SODQWDV�JHQpWLFDPHQWH�PRGL¿FDGDV�
PHGLDGR�SRU�$JUREDFWHULXP�WXPHIDFLHQV��7RPDGR�GH�KWWS���¿VLROYHJHWDO�
EORJVSRW�FRP���������DJUREDFWHULXP�WXPHIDFLHQV�FRPR�YHFWRU�KWPO
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YHJHWDOHV� VRQ� FXOWLYDGDV� EDMR� FRQGLFLRQHV� in vitro� HQ� XQ�
PHGLR�FRPSOHPHQWDGR�FRQ�XQ�DJHQWH�VHOHFFLyQ��DQWLELyWLFRV�
R� KHUELFLGDV��� 'H� WDO� PDQHUD�� TXH� VRODPHQWH� ODV� FpOXODV�
JHQpWLFDPHQWH�PRGL¿FDGDV� SRVHHQ� OD� FDSDFLGDG� GH� FUHFHU�
HQ� OD� SUHVHQFLD� GHO� DJHQWH� GH� VHOHFFLyQ� \� UHJHQHUDU� XQD�
SODQWD�HQWHUD��

3.2.2 Transformación mediada por biobalística o 

bombardeo de microproyectiles

0HGLDQWH�HVWH�PpWRGR��PLFUR�SDUWtFXODV�GH�RUR�R� WXQJVWHQR�
UHFXELHUWDV�FRQ�HO�$'1�GH�LQWHUpV�VRQ�DFHOHUDGDV�D�JUDQGHV�
YHORFLGDGHV� KDFLD� ODV� FpOXODV� YHJHWDOHV� �)LJXUD� �����Estos 
PLFURSUR\HFWLOHV�DWUDYLHVDQ�OD�SDUHG�FHOXODU�\�VRQ�GHSRVLWDGDV�
en el núcleo, 
HQ� GRQGH� VH�
LQWHJUDQ� GH�
IRUPD� HVWDEOH�
HQ� HO� JHQRPD�
GH� OD� FpOXOD�
YHJHWDO�� (VWH�
VLVWHPD� GH�
WUDQVIRUPDFLyQ�
HV�FRQVLGHUDGR�
XQ� PHFDQLVPR�
XQLYHUVDO�� \D�
TXH� SHUPLWH�
LQWURGXFLU� $'1�
HQ� FXDOTXLHU� WLSR� GH� FpOXOD� R� WHMLGR�� $Vt�� KD� VLGR� XWLOL]DGR�
SDUD� LQWURGXFLU� \� H[SUHVDU� JHQHV� GH� LQWHUpV� HQ� EDFWHULDV��

Figura 12.�6LVWHPD�GH�PRGL¿FDFLyQ�GH�SODQWDV�
JHQpWLFDPHQWH�PRGL¿FDGDV�PHGLDGR�SRU�ELREDOLVWLFD��
7RPDGR�GH��KWWS���WHPDVELRORJLDPROHFXODU�
EORJVSRW�FRP���������DSOLFDFLRQHV�GH�OD�ELRORJLD�
PROHFXODUB���KWPO
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SURWR]RDULRV��DOJDV��KRQJRV��SODQWDV�\�DQLPDOHV�

3.2.3 Electroporación

(VWD� WpFQLFD� � XWLOL]D� SXOVRV� HOpFWULFRV� FRQ� HO� ¿Q� GH� DOWHUDU�
GH�PDQHUD� WHPSRUDO� OD� PHPEUDQD� GH� ORV� SURWRSODVWRV�� ORV�
FXDOHV�VRQ�FpOXODV�YHJHWDOHV�GHVSURYLVWDV�GH�SDUHG�FHOXODU��
(O� FKRTXH�HOpFWULFR� IDYRUHFH� OD� IRUPDFLyQ�GH�SRURV�� OR� TXH�
SHUPLWH�OD�SHQHWUDFLyQ�GH�ORV�JHQHV�HO�LQWHULRU�GH�OD�FpOXOD�HQ�
GRQGH�SRVWHULRUPHQWH�VH�LQWHJUDQ�HQ�HO�JHQRPD�YHJHWDO��

����3ULQFLSDOHV�FDUDFWHUtVWLFDV�LQWURGXFLGDV�D�ODV�SODQWDV�
JHQpWLFDPHQWH�PRGL¿FDGDV

(Q�HO�DxR������VH�FXOWLYDURQ�XQ� WRWDO�GH�������PLOORQHV�GH�
KHFWiUHDV� GH� SODQWDV� JHQpWLFDPHQWH� PRGL¿FDGDV� HQ� ���
SDtVHV��$Vt�� ORV�(VWDGRV�8QLGRV�GH�$PpULFD� ���������%UDVLO�
���������$UJHQWLQD� ���������&DQDGi� �������� ,QGLD� �������\�
&KLQD��������UHSUHVHQWDQ�ORV�SDtVHV�FRQ�PD\RU�iUHD�FXOWLYDGD�
GH� SODQWDV� JHQpWLFDPHQWH� PRGL¿FDGDV�� 0LHQWUDV� TXH�� HQ�
&RVWD�5LFD�VRODPHQWH�VH�FXOWLYDURQ�PHQRV�GH������PLOORQHV�
GH�KHFWiUHDV�SULQFLSDOPHQWH�FRQ�VR\D�\�DOJRGyQ��

$XQTXH� VH� KDQ� FUHDGR� PXFKDV� SODQWDV� JHQpWLFDPHQWH�
PRGL¿FDGDV�� HQ� OD� DFWXDOLGDG� VRODPHQWH� VH� FRPHUFLDOL]D�
VR\D�� PDt]�� DOJRGyQ� \� FDQROD�� 'LFKDV� SODQWDV� SUHVHQWDQ�
SULQFLSDOPHQWH�UHVLVWHQFLD�D�KHUELFLGDV��UHVLVWHQFLD�D�LQVHFWRV�
R� XQD� FRPELQDFLyQ� GH� DPEDV� FDUDFWHUtVWLFDV�� /RV� FXOWLYRV�
JHQpWLFDPHQWH� PRGL¿FDGRV� VH� FXOWLYDQ� WDQWR� HQ� SDtVHV�
LQGXVWULDOL]DGRV��FRPR�HQ�SDtVHV�FRQ�HFRQRPtDV�HQ�WUDQVLFLyQ�
R�HQ�GHVDUUROOR��



50

Cuadro 1��&XOWLYRV�JHQpWLFDPHQWH�PRGL¿FDGRV�HQ�HO�PHUFDGR�
LQWHUQDFLRQDO��7RPDGR�GH�&OLYH�-DPHV�������

Cultivo Países
Características 

introducidas

Soya

$UJHQWLQD��&DQDGi��
6XGiIULFD��(VWDGRV�8QLGRV��
%UDVLO��0p[LFR��3DUDJXD\��
&KLOH��6XGiIULFD��&RVWD�5LFD 5HVLVWHQFLD�D�

insectos

Tolerancia a 
KHUELFLGDV

5HVLVWHQFLD�
D�LQVHFWRV��

Tolerancia a 
KHUELFLGDV

0Dt]

$UJHQWLQD�� &DQDGi��
6XGiIULFD�� (VWDGRV� 8QLGRV��
(VSDxD�� &KLOH�� +RQGXUDV��
3RUWXJDO�� 5XPDQLD�� 8UXJXD\��
(VORYDTXLD��5HS~EOLFD�&KHFD��

$OJRGyQ

(VWDGRV� 8QLGRV�� %UDVLO��
&DQDGi�� $XVWUDOLD�� 0p[LFR��
$UJHQWLQD�� &KLQD�� 6XGiIULFD��
,QGLD�� &RORPELD�� 3DUDJXD\��
6XGiIULFD�� 8UXJXD\��$XVWUDOLD�
\�&RVWD�5LFD

Canola &DQDGi�� (VWDGRV� 8QLGRV��
$XVWUDOLD�\�&KLOH

$VLPLVPR��PHGLDQWH�OD�PRGL¿FDFLyQ�JHQpWLFD�VH�KDQ�FUHDGR�
SODQWDV� UHVLVWHQWHV� D� HQIHUPHGDGHV�� SODJDV�� VHTXtDV� \�
DOWD� VDOLQLGDG�� 7DPELpQ� VH� EXVFD� PHMRUDU� OD� SURGXFWLYLGDG�
\� FDOLGDG� QXWULFLRQDO� GH� ORV� FXOWLYRV�� DO� HOLPLQDU� VXVWDQFLDV�
Wy[LFDV�R�DOHUJpQLFDV��'H�LJXDO�PDQHUD��VH�EXVFD�DXPHQWDU�OD�
SURGXFFLyQ�GH�FRPSXHVWRV�EHQp¿FRV��WDOHV�FRPR�YLWDPLQDV��
DPLQRiFLGRV� HVHQFLDOHV�� iFLGRV� JUDVRV� LQVDWXUDGRV��
FDURWHQRLGHV��ÀDYRQRLGHV��HWF��
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������ 3ODQWDV� PRGL¿FDGDV� JHQpWLFDPHQWH� FRQ�
resistencia a herbicidas

8QR� GH� ORV� PD\RUHV�
UHWRV� HQ� OD� DJULFXOWXUD�
HV� HO� FRQWURO� GH� ODV�
PDOH]DV�� ODV� FXDOHV�
SRGHPRV� GH¿QLU�
FRPR� WRGDV� DTXHOODV�
SODQWDV� TXH� FUHFHQ� HQ�
XQ� OXJDU� QR� GHVHDGR�
por el hombre y 
TXH� GLVPLQX\HQ� HO�
UHQGLPLHQWR� GH� XQ�
GHWHUPLQDGR� FXOWLYR��
3DUD� HO� FRQWURO� GH� ODV�
PDOH]DV� VH� UHFXUUH� D�
SUiFWLFDV� FXOWXUDOHV��
ELROyJLFDV� \� TXtPLFDV��
2WUR�PpWRGR�GH�FRQWURO�
consiste en la creación 
GH� SODQWDV� FRQ�
UHVLVWHQFLD�D�KHUELFLGDV�
PHGLDQWH� OD� LQVHUFLyQ�
GH�JHQHV�HQ�HO�JHQRPD�
YHJHWDO�� (O� SULPHU�
FXOWLYR� JHQpWLFDPHQWH�
PRGL¿FDGR� FRQ�
UHVLVWHQFLD�DO�KHUELFLGD�
JOLIRVDWR� IXH� OD� VR\D�

Soya con tolerancia al 

herbicida glifosato

(Q� HO� DxR� ����� VH� DSUREy� HO�
FXOWLYR� GH� OD� VR\D� ������� HQ�
OD� $UJHQWLQD� SDUD� V X�
VLHPEUD�� FRQVXPR� \�
FRPHUFLDOL]DFLyQ�

(Q� OD� VRMD� �����
�� OD� WROHUDQFLD� DO�
KHUELFLGD� JOLIRVDWR� VH� RULJLQD� SRU�
LQWURGXFFLyQ�GHO�JHQ�GH�OD�HQ]LPD�
��HQROSLUXYLO�VKLTXLPDWR���IRVIDWR�
VLQWDVD� �(3636��� SURYHQLHQWH�
GH� OD� FHSD� &3�� GH� OD� EDFWHULD�
Agrobacterium tumefaciens�

/D� HQ]LPD� (3636� SURGXFLGD�
por esta bacteria es tolerante al 
KHUELFLGD�JOLIRVDWR��3RU�OR�WDQWR��OD�
DSOLFDFLyQ�GHO�KHUELFLGD�HQ�SODQWDV��
GH� VR\D� TXH� OOHYDQ� HVWH� JHQ� QR�
DIHFWD�OD�VtQWHVLV�GH�DPLQRiFLGRV�
aromáticos y por lo tanto tampoco 
HO�FUHFLPLHQWR�GH�OD�SODQWD�

Fuente��$UJHQ%LR��KWWS���ZZZ�DUJHQELR�
RUJ�LQGH[�SKS"DFWLRQ FXOWLYRV	RSW ����

)RWRJUDItD��0DUWLQ�:DOO
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5RXQGXS�5HDG\®��(O�LQJUHGLHQWH�DFWLYR�GHO�KHUELFLGD�JOLIRVDWR�
HV�XQ�LQKLELGRU�FRPSHWLWLYR�GH�OD�HQ]LPD�(3636����HQROSLUXYLO�
VKLNLPDWR���IRVIDWR�VLQWHWDVD���OD�FXDO�SDUWLFLSD�HQ�OD�VtQWHVLV�
GH� DPLQRiFLGRV� DURPiWLFRV�� FRPR� IHQLODODQLQD�� WLURVLQD� \�
WULSWyIDQR�� (Q� ODV� SODQWDV� JHQpWLFDPHQWH� PRGL¿FDGDV� VH�
LQWURGXMR� HO� JHQ� epsps� GH� OD� FHSD� &3�� GH� Agrobacterium 
tumefaciens�� HO� FXDO� SURGXFH� XQD� YHUVLyQ� GH� OD� HQ]LPD�
(3636��OD�FXDO�QR�HV�DIHFWDGD�SRU�HO�JOLIRVDWR��

3RU�RWUD�SDUWH��FRQ�HO�¿Q�GH�FRQIHULU�UHVLVWHQFLD�DO�KHUELFLGD�
JOXIRVLQDWR�GH�DPRQLR�VH�PRGL¿Fy�JHQpWLFDPHQWH�HO�JHQRPD�
YHJHWDO� FRQ� HO� JHQ�bar� GH� OD� FHSD�Tu494 GH Streptomyces 
K\JURVFRSLFXV��(O�JOXIRVLQDWR�GH�DPRQLR�HV�XQ� LQKLELGRU�GH�
OD� HQ]LPD� JOXWDPLQD� VLQWHWDVD�� OD� FXDO� HV� LPSRUWDQWH� HQ� OD�
DVLPLODFLyQ�GHO�DPRQLR�HQ�ODV�SODQWDV��(Q�ODV�SODQWDV�WUDWDGDV�
FRQ� HVWH� KHUELFLGD� VH� REVHUYD� XQD� UiSLGD� DFXPXODFLyQ� GH�
DPRQLR��XQD�UHGXFFLyQ�GH� OD� IRWRVtQWHVLV�\�XQD�GLVPLQXFLyQ�
HQ� OD�VtQWHVLV�GH�SURWHtQDV�� OR�FXDO�FRQOOHYD�D� OD�PXHUWH�GH�
OD�SODQWD��$Vt��FRQ�HO�¿Q�GH�FRQIHULU�UHVLVWHQFLD�DO�JOXIRVLQDWR�
GH� DPRQLR� VH�PRGL¿Fy� JHQpWLFDPHQWH� HO� JHQRPD�GHO�PDt]�
FRQ�HO�JHQ�bar��HO�FXDO�FRGL¿FD�SDUD� OD�HQ]LPD�IRV¿QRWULFLQ�
DFHWLO�WUDQVIHUDVD��(VWD�HQ]LPD�HV�UHVSRQVDEOH�GH�PRGL¿FDU�
HO�JOXIRVLQDWR��GH�WDO�PDQHUD�TXH�LPSLGH�OD�XQLyQ�GHO�KHUELFLGD�
D�OD�HQ]LPD�JOXWDPLQD�VLQWHWDVD�
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������ 3ODQWDV� PRGL¿FDGDV� JHQpWLFDPHQWH� FRQ�
resistencia a insectos

/D�EDFWHULD�GHO�VXHOR�%DFLOOXV�WKXULQJLHQVLV��FRQRFLGD�FRPR�%W��
KD�VLGR�XWLOL]DGD�FRPR�LQVHFWLFLGD�ELROyJLFR�HQ�OD�DJULFXOWXUD�
RUJiQLFD�SRU�PiV�GH�PHGLR�VLJOR��(VWD�EDFWHULD�SURGXFH�SURWHtQDV�
HQ�IRUPD�GH�FULVWDOHV�GXUDQWH�OD�IRUPDFLyQ�GH�HVSRUDV��(VWDV�

SURWHtQDV�� OODPDGDV�
į�HQGRWR[LQDV� R�
proteínas Cry, son 
H V S H F t I L F DPHQ W H�
tóxicas para varios 
yUGHQHV� GH� LQVHFWRV��
TXH� LQFOX\HQ� SROLOODV��
mariposas, moscas, 
PRVTXLWRV�� JXVDQRV�
\� HVFDUDEDMRV�� 8QD�
YH]� OD� ODUYD� LQJLHUH�
los cristales, las 
į�HQGRWR[LQDV� VH�
XQHQ� D� ODV� FpOXODV�
GHO� HSLWHOLR� LQWHVWLQDO�
GH� ODV� ODUYDV�� GH�
WDO� PDQHUD� TXH� HO�
LQVHFWR� QR� VH� SXHGH�
DOLPHQWDU� \� PXHUH� D�
ORV� SRFRV� GtDV�� /DV�

proteínas Cry�VRQ�DOWDPHQWH�HVSHFt¿FDV�SDUD�XQ�GHWHUPLQDGR�
JUXSR� GH� LQVHFWRV�� SRU� OR� TXH� QR� UHVXOWDQ� Wy[LFDV� SDUD� ORV�
VHUHV�KXPDQRV��ORV�PDPtIHURV�H�LQVHFWRV�QR�SODJD�R�LQVHFWRV�

Maíz con resistencia a insectos 

lepidópteros

(Q�HO�DxR������VH�DSUREy�HO�FXOWLYR�
GH�PDt]�%W���HQ�OD�$UJHQWLQD�SDUD�

VX�VLHPEUD��FRQVXPR�
\�FRPHUFLDOL]DFLyQ�

La resistencia se 
REWXYR� DO� LQWURGXFLU�

G H O� JHQ� FU\�$� GH� OD� EDFWHULD�
%DFLOOXV� WKXULQJLHQVLV en el 
JHQRPD�GHO�PDt]�SDUD�OD�VtQWHVLV�
GH� OD� į�HQGRWR[LQDV� TXH� LPSLGH�
HO� GHVDUUROOR� GH� ODV� ODUYDV� GH�
LQVHFWRV�OHSLGySWHURV�

)XHQWH��$UJHQ%LR��KWWS���ZZZ�DUJHQELR�
RUJ�LQGH[�SKS"DFWLRQ FXOWLYRV	RSW �)
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EHQp¿FRV��(Q�������VH�PRGL¿Fy�JHQpWLFDPHQWH�SRU�SULPHUD�
YH]�SODQWDV�GH� WDEDFR�FRQ�XQ�JHQ�GH�%W��(Q� OD�DFWXDOLGDG��
ORV�JHQHV�%W�VH�KDQ�LQWURGXFLGR�\�H[SUHVDGR�HQ�QXPHURVDV�
HVSHFLHV� IRUHVWDOHV� �HXFDOLSWR��� FHUHDOHV� �PDt]� \� WULJR���
OHJXPLQRVDV��VR\D���KRUWtFRODV��SDSD��WRPDWH��UHSROOR�\�SDSD��
\�IUXWDOHV��PDQ]DQD��

������3ODQWDV�PRGL¿FDGDV�JHQpWLFDPHQWH�FRQ�PHMRUDV�
nutricionales

2WUR�SURGXFWR�GH� OD� ELRWHFQRORJtD�PRGHUQD� OR� FRQVWLWX\H�HO�
DUUR]�GRUDGR��)LJXUD������(VWH�GHVDUUROOR�ELRWHFQROyJLFR�EXVFD�
UHVROYHU� OD�GH¿FLHQFLD�GH�YLWDPLQD�$�� OD�FXDO�HV� OD�SULQFLSDO�
FDXVD�GH�FHJXHUD�HQ�QLxRV��VREUH�WRGR�HQ�SREODFLRQHV�FX\R�
SULQFLSDO�DOLPHQWR�HV�HO�DUUR]��FRPR�RFXUUH�HQ�PXFKRV�SDtVHV�
GH�$VLD��6HJ~Q�LQIRUPD�OD�206��2UJDQL]DFLyQ�0XQGLDO�GH�OD�
6DOXG���FDGD�DxR�PHGLR�PLOOyQ�GH�QLxRV�HQ�HO�PXQGR�VH�TXHGDQ�
FLHJRV�SRU�OD�FDUHQFLD�GH�OD�YLWDPLQD�$��8QD�GH�ODV�PDQHUDV�GH�

HYLWDU� OD� GH¿FLHQFLD� HQ� YLWDPLQD�
$� HV� PHGLDQWH� HO� FRQVXPR� GH�
DOLPHQWRV� ULFRV� HQ� QXWULHQWHV��
(O� DUUR]� HV� OD� SULQFLSDO� IXHQWH�
GH� FDUERKLGUDWRV� \� SURWHtQDV�
SDUD�PLOORQHV�GH�SHUVRQDV�HQ�HO�
PXQGR�� VLQ� HPEDUJR� FDUHFH� GH�
PLFURQXWULHQWHV� SDUWLFXODUPHQWH�
KLHUUR�� ]LQF� \� YLWDPLQD� $�� 8QD�
PDQHUD� GH� FRPSHQVDU� OD�

GH¿FLHQFLD� GH� PLFURQXWULHQWHV� HV� OD� PRGL¿FDFLyQ� GH� ORV�
DOLPHQWRV�PHGLDQWH�PHMRUDPLHQWR�FRQYHQFLRQDO�R�WpFQLFDV�GH�

Figura 13. Comparación 
GHO�DUUR]�GRUDGR�\�HO�DUUR]�
FRQYHQFLRQDO��)RWRJUD¿D�

tomada de internet.
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LQJHQLHUtD�JHQpWLFD��/DV�PROpFXODV�TXH�RULJLQDQ� OD�YLWDPLQD�
$� R� EHWD�FDURWHQRV� VH� HQFXHQWUDQ� HQ� DOLPHQWRV� FRPR� OD�
]DQDKRULD� \� HO� WRPDWH� SHUR� QR� HQ� HO� DUUR]�� $O� QR� H[LVWLU�
YDULHGDGHV� VLOYHVWUHV� GH� DUUR]� TXH� SURGX]FDQ� \� DFXPXOHQ�
EHWD�FDURWHQRV� HQ� HO� JUDQR� \� TXH� SXHGDQ� XWLOL]DUVH� HQ� HO�
PHMRUDPLHQWR� JHQpWLFR� FRQYHQFLRQDO�� OD� DOWHUQDWLYD� HV� OD�
LQWURGXFFLyQ�SRU�LQJHQLHUtD�JHQpWLFD�GH�ORV�JHQHV�UHVSRQVDEOHV�
SDUD� OD�VtQWHVLV�\�DFXPXODFLyQ�GH�HVWRV�FRPSXHVWRV�HQ� ORV�
JUDQRV� GH� DUUR]�� (V� DVt� FRPR� VH� LQWURGXMHURQ� GRV� JHQHV��
¿WRHQR�VLQWHWDVD�\�¿WRHQR�GHVDWXUDVD�HQ�HO�JHQRPD�GHO�DUUR]��
/D�SUHVHQFLD�GH�EHWD�FDURWHQRV� OH�FRQ¿HUH�XQ�FRORU�GRUDGR�
D� ORV� JUDQRV� GH� DUUR]�PRGL¿FDGRV� JHQpWLFDPHQWH��$XQTXH�
HVWH�SURGXFWR�ELRWHFQROyJLFR�D~Q�QR�VH�HQFXHQWUD�GLVSRQLEOH�
FRPHUFLDOPHQWH��UHSUHVHQWD�XQD�VROXFLyQ�D�OD�GH¿FLHQFLD�GH�
YLWDPLQD�$�SDUD�DTXHOODV�SHUVRQDV�FX\R�SULQFLSDO�DOLPHQWR�HV�
HO�DUUR]��

������ 3ODQWDV� JHQpWLFDPHQWH� PRGL¿FDGDV� FRQ�
maduración retardada

(O� WRPDWH� )ODYU� 6DYU� IXH� HO� SULPHU� FXOWLYR� JHQpWLFDPHQWH�
PRGL¿FDGR� FRQ� PDGXUDFLyQ� UHWDUGDGD� GHVDUUROODGR� \�
FRPHUFLDOL]DGR�SRU� OD� FRPSDxtD�ELRWHFQROyJLFD�&DOJHQH�HQ�
������(Q�HVWH�FDVR��PHGLDQWH�LQJHQLHUtD�JHQpWLFD�IXH�SRVLEOH�
LQKLELU�OD�H[SUHVLyQ�GH�OD�HQ]LPD�SROLJDODFWXURQDVD��OD�FXDO�HV�
UHVSRQVDEOH�GH�OD�GHJUDGDFLyQ�\�DEODQGDPLHQWR�GH�ODV�SDUHGHV�
FHOXODUHV�GH�ORV�IUXWRV��$O�LQDFWLYDUVH�OD�HQ]LPD��ORV�WRPDWHV�
SXHGHQ�FROHFWDUVH�PDGXURV�\�FRPHUFLDOL]DUVH�GLUHFWDPHQWH�
VLQ� SDVDU� SRU� XQ� SURFHVR� GH� PDGXUDFLyQ� DUWL¿FLDO�� (Q� OD�
DFWXDOLGDG��HO�WRPDWH�)ODYU�6DYU��QR�VH�HQFXHQWUD�GLVSRQLEOH�
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FRPHUFLDOPHQWH�� ([SHULPHQWDOPHQWH� VH� KDQ� SURGXFLGR�
EDQDQRV� FRQ� PDGXUDFLyQ� UHWDUGDGD�� OR� TXH� IDYRUHFHUtD�
VX� FRORFDFLyQ� HQ� PHUFDGRV� OHMDQRV� FRPR� &KLQD�� HYLWDQGR�
TXH�OOHJXHQ�PDGXURV�D�VX�OXJDU�GH�GHVWLQR��$VLPLVPR��HVWD�
PRGL¿FDFLyQ� SRGUtD� XWLOL]DUVH� SDUD� OD� H[SRUWDFLyQ� GH� IUXWDV�
IUHVFDV�WURSLFDOHV��GRQGH�SUREDEOHPHQWH� WHQGUtDQ�XQ�SUHFLR�
DOWR�

Tomate con maduración retardada línea 1345-4

�(Q�HO�DxR������VH�DSUREy� OD� LPSRUWDFLyQ�HQ�0p[LFR�GHO�
WRPDWH� FRQ� PDGXUDFLyQ� UHWDUGDGD� GHVDUUROODGR� SRU� OD�
FRPSDxtD� '1$� 7HFKQRORJ\� &R�� SDUD� XVR� GLUHFWR� FRPR�
DOLPHQWR�KXPDQR�R�DQLPDO�R�SDUD�SURFHVDPLHQWR��

/D� OtQHD��������GH� WRPDWH�FRQ�PDGXUDFLyQ� UHWDUGDGD�VH�
REWXYR�DO�LQWURGXFLU�HQ�HO�JHQRPD�GHO�FXOWLYDU������� 1 1 4 
GH�WRPDWH�HO�JHQ�$&&�VLQWHWDVD�TXH�SURGXFH�
OD� HQ]LPD� �� DPLQR� FLFORSURSDQR� �� iFLGR�
FDUER[tOLFR�� OD�FXDO�HV�XQD�SUHFXUVRU�GH� OD�
VtQWHVLV� GH� HWLOHQR�� (O� HWLOHQR� GHVHPSHxD�
XQ�SDSHO� LPSRUWDQWH�HQ� OD�PDGXUDFLyQ�GH� ORV�
IUXWRV��0HGLDQWH� LQJHQLHUtD� JHQpWLFD� HV� SRVLEOH� LQKLELU� OD�
VtQWHVLV�GH�HWLOHQR�EORTXHDQGR�OD�PDGXUDFLyQ�GH�ORV�IUXWRV�

6LQ�HPEDUJR��FDEH�PHQFLRQDU�TXH�HO�XVR�HVWi� OLPLWDGR�D�
FRQVXPR�GLUHFWR�FRPR�DOLPHQWR�KXPDQR�R�DQLPDO�R�SDUD�
HO� SURFHVDPLHQWR� \� HO� 290� QR� HVWi� GHVWLQDGR� SDUD� VX�
OLEHUDFLyQ�LQWHQFLRQDO�HQ�HO�DPELHQWH�
Fuente�� %LRVDIHW\� &OHDULQJ�+RXVH� �KWWS���ZZZ�DUJHQELR�RUJ�LQGH[�

SKS"DFWLRQ FXOWLYRV	RSW �)
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����$SOLFDFLRQHV�IXWXUDV�GH�ODV�SODQWDV�JHQpWLFDPHQWH�
PRGL¿FDGDV

(Q� XQ� IXWXUR� FHUFDQR�� VHUi� SRVLEOH� FRQWDU� FRQ� FXOWLYRV�
JHQpWLFDPHQWH� PRGL¿FDGRV� TXH� RIUH]FDQ� EHQH¿FLRV� SDUD�
ORV� FRQVXPLGRUHV��$OJXQRV� HMHPSORV� VRQ�� PDt]� FRQ�PD\RU�
FRQWHQLGR� GH� DOPLGyQ� \� DPLQRiFLGRV�� FDIp� GHVFDIHLQDGR��
DYHQD�� FHQWHQR� \� FHEDGD� FRQ� PHQRU� FRQWHQLGR� GH� JOXWHQ��
HO� FXDO� DO� VHU� LQJHULGR� SURYRFD� HQ� GHWHUPLQDGDV� SHUVRQDV�
OD� HQIHUPHGDG� FHOtDFD�� WRPDWH� FRQ� PD\RU� FRQWHQLGR� GH�
FRPSXHVWRV� DQWLR[LGDQWHV� FRPR�HO� OLFRSHQR�� VR\D� \� FDQROD�
FRQ�PD\RU�SURSRUFLyQ�GH�iFLGRV�JUDVRV�VDQRV�\�SDSDV�FRQ�
PD\RU�FRQWHQLGR�GH�DOPLGyQ��

$VLPLVPR��H[LVWHQ�LQYHVWLJDFLRQHV�HQ�PDt]��WDEDFR��EDQDQR�
\� SDSD� FRQ� HO� ¿Q� GH� XWLOL]DU� HVWRV� FXOWLYRV� FRPR� IiEULFDV�
ELROyJLFDV� SDUD� OD� SURGXFFLyQ� GH� IiUPDFRV�� YDFXQDV� \�
SOiVWLFRV��'H�LJXDO�PDQHUD��VH�OOHYDQ�D�FDER�LQYHVWLJDFLRQHV�
SDUD�UHWUDVDU�OD�PDGXUDFLyQ�HQ�FXOWLYRV�FRPR�HO�WRPDWH�� ODV�
IUHVDV��ORV�PHORQHV��ORV�EDQDQRV�\�OD�SLxD��7DPELpQ��VH�KDQ�
OOHYDGR�D�FDER�LQYHVWLJDFLRQHV�FRQ�HO�¿Q�GH�UHWUDVDU�R�LPSHGLU�
OD�R[LGDFLyQ�GH�ODV�PDQ]DQDV��SHUDV��EDQDQRV�\�OD�SDSD�
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Soya con alto contenido de ácido oleico

(Q� SDtVHV� FRPR� $XVWUDOLD�� &DQDGi�� (VWDGRV� 8QLGRV� GH�
$PpULFD� \� -DSyQ� VH� DXWRUL]y� OD� OLEHUDFLyQ� DO� DPELHQWH� \�
HO�FRQVXPR�KXPDQR�GH�ODV�OtQHDV�GH�VR\D�*������*������
\�*����GHVDUUROODGDV�SRU�ODV�FRPSDxtDV�3LRQHHU�+L�%UHG�
,QWHUQDWLRQDO�,QF��\�'X3RQW��

/DV� OtQHDV� GH� VR\D� IXHURQ�
PRGL¿FDGDV� JHQpWLFDPHQWH� FRQ�
HO� ¿Q� GH� LQFUHPHQWDU� HO� FRQWHQLGR�
GH� iFLGR� ROHLFR�� XQ� iFLGR� JUDVR�
LQVDWXUDGR��(VWDV� OtQHDV�SRVHHQ�XQD�
VHJXQGD�FRSLD�GHO�JHQ�iFLGR�GHVDWXUDVD�
�IDG����HO�FXDO�HVWi�SUHVHQWH�GH�PDQHUD�QDWXUDO�HQ�OD�VR\D��
(O�JHQ�IDG��FRGL¿FD�SDUD�OD�HQ]LPD�GHOWD����GHVDWXUDV��OD�
FXDO�SDUWLFLSD�HQ�OD�VtQWHVLV�GH�iFLGRV�JUDVRV��/D�H[SUHVLyQ�
GHO�JHQ�IDG��LQKLEH�OD�VtQWHVLV�GHO�JHQ�HQGyJHQR�RPHJD���
GHVDWXUDVD��OR�FXDO�LQFUHPHQWD�OD�VtQWHVLV�GH�iFLGR�ROHLFR�

Fuente�� %LRVDIHW\� &OHDULQJ�+RXVH� �KWWS���ZZZ�DUJHQELR�RUJ�LQGH[�
SKS"DFWLRQ FXOWLYRV	RSW �)
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Módulo 4: Regulación de la biotecnología 

moderna

����¢4Xp�HV�OD�ELRVHJXULGDG"

&RQ�HO�DYDQFH�GH�OD�LQJHQLHUtD�JHQpWLFD��HQ�PXFKRV�SDtVHV�
VH� GHFLGLy� UHJODPHQWDU� OD� XWLOL]DFLyQ� GH� ORV� SURGXFWRV� GH�
OD� ELRWHFQRORJtD� PRGHUQD�� SULQFLSDOPHQWH� ORV� RUJDQLVPRV�
JHQpWLFDPHQWH�PRGL¿FDGRV��HQ�OR�FRQFHUQLHQWH�D�VX�UHODFLyQ�
FRQ�OD�VHJXULGDG��$Vt��OD�ELRVHJXULGDG VH�SXHGH�GH¿QLU como 
el conjunto de procedimientos y medidas que se adoptan con 
HO�¿Q�GH�JDUDQWL]DU�OD�VHJXULGDG�KXPDQD��DQLPDO�\�DPELHQWDO��
de las aplicaciones de la biotecnología moderna.

(Q�HO�PDUFR�GHO�&RQYHQLR� VREUH� OD�%LRGLYHUVLGDG�%LROyJLFD�
GH������\�HO�3URWRFROR�GH�&DUWDJHQD�VREUH�OD�6HJXULGDG�GH�
OD�%LRWHFQRORJtD��3&6%��GHO������VH�HVWLSXOD�HO�FRPSURPLVR�
GH�OD�FRPXQLGDG�LQWHUQDFLRQDO�SDUD�DVHJXUDU�OD�WUDQVIHUHQFLD��
PDQLSXODFLyQ�\�XVR�VHJXUR�GH�ORV�RUJDQLVPRV�JHQpWLFDPHQWH�
PRGL¿FDGRV�� HQ� OD� HVIHUD� GHO� PRYLPLHQWR� WUDQVIURQWHUL]R�
GH� pVWRV�� $O� UHVSHFWR�� &RVWD� 5LFD� UDWL¿Fy� HO� 3URWRFROR� GH�
&DUWDJHQD� HQ� HO� ����� PHGLDQWH� OD� /H\� 1°� ������ OR� FXDO�
FRQYLHUWH�D�GLFKR�3URWRFROR�GH�DFDWDPLHQWR�REOLJDWRULR��

3DUD�HO�DGHFXDGR�IXQFLRQDPLHQWR�GHO�3&6%�VH�HVWDEOHFLHURQ�
XQD� VHULH� GH� PHFDQLVPRV� TXH� SHUPLWHQ� HYDOXDU�� FRQWURODU�
\� PLWLJDU� HO� ULHVJR� GH� ORV� RUJDQLVPRV� JHQpWLFDPHQWH�
PRGL¿FDGRV��$VLPLVPR��VH�LQWURGXMR�HO�FRQFHSWR�GH�3ULQFLSLR�
GH�3UHFDXFLyQ��HO�FXDO�FRQVLVWH�HQ� OD�DGRSFLyQ�GH�PHGLGDV�
H¿FDFHV�SRU�SDUWH�GH�ORV�SDtVHV�SDUD�LPSHGLU�OD�GHJUDGDFLyQ�
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GHO�PHGLR�DPELHQWH�DQWH�HO�SRWHQFLDO�SHOLJUR�GH�XQ�GDxR�JUDYH�
R�LUUHYHUVLEOH��(Q�&RVWD�5LFD��KD\�YDULDV�OH\HV�TXH�UHJXODQ�ODV�
DFWLYLGDGHV�GH�ORV�RUJDQLVPRV�YLYRV�PRGL¿FDGRV�HQ�GLIHUHQWHV�
iUHDV��WDO�\�FRPR�VH�DSUHFLD�HQ�HO�FXDGUR����

Cuadro 2��(YROXFLyQ�FURQROyJLFD�GH�OD�ELRVHJXULGDG�HQ�&RVWD�
5LFD

Año

1991 6H�SUHVHQWD�OD�SULPHUD�VROLFLWXG�SDUD�OD�UHSURGXFFLyQ�
GH� VHPLOOD� GH� VRMD� JHQpWLFDPHQWH� PRGL¿FDGD� HQ�
&RVWD�5LFD�

1997 6H� DSUXHED� OD� /H\� GH� 3URWHFFLyQ� )LWRVDQLWDULD� 1R��
7664

����
6H�DSUXHED��HO�5HJODPHQWR�D� OD�/H\�GH�3URWHFFLyQ�
)LWRVDQLWDULD

6H�DSUXHED�OD�/H\�GH�%LRGLYHUVLGDG�1R������

���� 6H� DSUXHED� � HO� 5HJODPHQWR� HQ� $XGLWRULDV� HQ�
%LRVHJXULGDG�$JUtFROD

����

6H�UDWL¿FD�HO�3URWRFROR�GH�&DUWDJHQD�FRQYLUWLpQGRVH�
HQ�OD�/H\�1DFLRQDO�1R������
6H� DSUXHED� OD� /H\� GHO� 6HUYLFLR�1DFLRQDO� GH�6DOXG�
$QLPDO�1R������

���� 6H�DSUXHED�OD�/H\�GH�GHVDUUROOR��SURPRFLyQ�\�IRPHQWR�
GH�OD�DFWLYLGDG�DJURSHFXDULD�RUJiQLFD�1R������

����(YDOXDFLyQ�GH�ORV�RUJDQLVPRV�JHQpWLFDPHQWH�
PRGL¿FDGRV

/D� HYDOXDFLyQ� GH� OD� VHJXULGDG� GH� ORV� RUJDQLVPRV�
JHQpWLFDPHQWH� PRGL¿FDGRV� VLJXH� XQ� SURFHVR� FRQRFLGR�
FRPR� ³DQiOLVLV� GHO� ULHVJR´�� HO� FXDO� VH� EDVD� HQ� FULWHULRV�
FLHQWt¿FRV�LQWHUQDFLRQDOHV��(O�WHUPLQR�ULHVJR�KDFH�UHIHUHQFLD�
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D�OD�PDJQLWXG�\�OD�SUREDELOLGDG�GH�RFXUUHQFLD�GH�ORV�HIHFWRV�
GDxLQRV� GH� XQ� SURFHVR� R� WHFQRORJtD�� (OOR� VLJQL¿FD� TXH� XQ�
SURFHVR� R� WHFQRORJtD� HV� PiV� R� PHQRV� SHOLJURVD� VHJ~Q� OD�
HQYHUJDGXUD�\�OD�IUHFXHQFLD�GHO�GDxR�TXH�SXHGDQ�FDXVDU��

(O�DQiOLVLV�GHO�ULHVJR�VH�OOHYD�³FDVR�SRU�FDVR´�\�³SDVR�D�SDVR´�
\� SHUPLWH� LGHQWL¿FDU� XQ� SRWHQFLDO� SHOLJUR�� YDORUDU� HO� ULHVJR�
LQKHUHQWH� \� DGRSWDU� PHGLGDV� SDUD� HOLPLQDU� R� FRQWURODU� HO�
ULHVJR�GHWHFWDGR��3DUD� OD�HYDOXDFLyQ�GHO� ULHVJR�VH�GHEH�GH�
WRPDU�HQ�FXHQWD�ORV�JHQHV�LQWURGXFLGRV��ODV�FDUDFWHUtVWLFDV�GH�
OD�SURWHtQD�QXHYD��DVt�FRPR�HQ�TXH�yUJDQRV�GH�OD�SODQWD�VH�
SURGXFH�OD�QXHYD�SURWHtQD�\�FXiO�HV�VX�HVWDELOLGDG��

(Q�&RVWD�5LFD��HO�GHVDUUROOR�GH�DFWLYLGDGHV�FRQ�RUJDQLVPRV�
YLYRV� PRGL¿FDGRV� UHTXLHUH� TXH� VH� VROLFLWH� D� OD� DXWRULGDG�
FRPSHWHQWH� XQD� DXWRUL]DFLyQ� SUHYLD�� (Q� HVWD� VROLFLWXG� VH�
GHEHUi�HVSHFL¿FDU�GDWRV�VREUH�HO�RUJDQLVPR�YLYR�PRGL¿FDGR��
ORV� UHVXOWDGRV� GH� OD� HYDOXDFLyQ� \� JHVWLyQ� GHO� ULHVJR� \� ODV�
PHGLGDV� TXH� GHEHQ� DGRSWDUVH� SDUD� SUHYHQLU�� PLWLJDU� \�
FRQWURODU�ORV�HIHFWRV�DGYHUVRV�

'HVGH� HO� SXQWR� GH� YLVWD� DJURQyPLFR�� VH� GHEH� FRPSDUDU� HO�
RUJDQLVPR� YHJHWDO� JHQpWLFDPHQWH� PRGL¿FDGR� FRQ� VX� SDU�
FRQYHQFLRQDO��FRQ�HO�¿Q�GH�GHWHUPLQDU�DVSHFWRV�PRUIROyJLFRV�
\�¿VLROyJLFRV�GH�ORV�FXOWLYRV��$VLPLVPR��VH�GHEH�GH�FRQVLGHUDU�
OD� FDSDFLGDG� GH� ORV� FXOWLYRV� JHQpWLFDPHQWH� PRGL¿FDGRV�
SDUD� VREUHYLYLU� FRPR� XQD�PDOH]D�� DVt� FRPR� OD� SURGXFFLyQ�
\�YLDELOLGDG�GHO�SROHQ�\� OD�SRVLEOH� WUDQVIHUHQFLD�GH�JHQHV�D�
HVSHFLHV�UHODFLRQDGDV�

&RQ�UHVSHFWR�D�ORV�ULHVJRV�GHULYDGRV�SDUD�HO�FRQVXPR�KXPDQR�
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R� DQLPDO�� OD� HYDOXDFLyQ� GHEH� DVHJXUDU� TXH� OD�PRGL¿FDFLyQ�
JHQpWLFD� QR� KD\D� SURYRFDGR� FDPELRV� TXH� SXHGDQ� DIHFWDU�
OD� LQRFXLGDG�R�HO� YDORU�QXWULFLRQDO�GHO�DOLPHQWR�� ,JXDOPHQWH��
VH� GHEH� JDUDQWL]DU� TXH� QR� H[LVWHQ� SHOLJURV� GH� WR[LFLGDG� R�
DOHUJHQLFLGDG� UHODFLRQDGRV� FRQ� OD� SUHVHQFLD� GH� PDWHULDO�
JHQpWLFR�HQ�ORV�RUJDQLVPRV�JHQpWLFDPHQWH�PRGL¿FDGRV��

����6LWXDFLyQ�GH�OD�ELRVHJXULGDG�HQ�&RVWD�5LFD

(Q� &RVWD� 5LFD�� OD� DSOLFDFLyQ� GH� OD� ELRWHFQRORJtD� PRGHUQD�
LPSXOVy� OD� FUHDFLyQ� GH� XQD�&RPLVLyQ�7pFQLFD� 1DFLRQDO� GH�
%LRVHJXULGDG� �&71%LR��� OD� FXDO� HV� PXOWLGLVFLSOLQDULD�� PXOWL�
LQVWLWXFLRQDO�� VREHUDQD� \� OHJDOPHQWH� FUHDGD� \� IRUWDOHFLGD�
SRU� WUHV� OH\HV� QDFLRQDOHV� �/H\� GH� 3URWHFFLyQ� )LWRVDQLWDULD�
1�� ������ /H\� GH�%LRGLYHUVLGDG�1�� ����� \� /H\� GHO� 6HUYLFLR�
1DFLRQDO�GH�6DOXG�$QLPDO�1��������\�HVWi�FRQIRUPDGD�SRU�
UHSUHVHQWDQWHV� GHO� 0LQLVWHULR� GH� $JULFXOWXUD� \� *DQDGHUtD��
0LQLVWHULR� GH� $PELHQWH� \� (QHUJtD�� 0LQLVWHULR� GH� &LHQFLD��
7HFQRORJtD� \� 7HOHFRPXQLFDFLRQHV�� 2¿FLQD� 1DFLRQDO� GH�
6HPLOODV��$FDGHPLD�1DFLRQDO�GH�&LHQFLDV�GH�&RVWD�5LFD��5HG�
GH�&RRUGLQDFLyQ� HQ�%LRGLYHUVLGDG� \� GH� OD� )HGHUDFLyQ� SDUD�
OD�&RQVHUYDFLyQ�GH�OD�1DWXUDOH]D��$VLPLVPR��HQ�HO�DxR������
VH�LQFRUSRUDURQ�UHSUHVHQWDQWHV�GHO�0LQLVWHULR�GH�6DOXG�\�GHO�
6HUYLFLR�1DFLRQDO�GH�6DOXG�$QLPDO��6(1$6$��GH�&RVWD�5LFD�
�'HFUHWR� 1�� ������0$*�06�0,&,7�0,1$(7� ¿UPDGR� HO� ���
QRYLHPEUH�������'LDULR�2¿FLDO�/D�*DFHWD�1R������

'LFKD�&RPLVLyQ�HVWXGLD� OD�GRFXPHQWDFLyQ� WpFQLFR�FLHQWt¿FD�
QHFHVDULD�SDUD�GLFWDPLQDU�ODV�PHGLGDV�GH�ELRVHJXULGDG�FRPR�
UHVXOWDGR�GH�OD�HYDOXDFLyQ�\�JHVWLyQ�GHO�ULHVJR�GH�XQ�RUJDQLVPR�
JHQpWLFDPHQWH� PRGL¿FDGR� GH� XVR� DJUtFROD�� $VLPLVPR��
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DVHVRUD� D� LQVWLWXFLRQHV� R¿FLDOHV� GH� HPLWLU� DXWRUL]DFLRQHV�
SDUD� LPSRUWDU�� PRYLOL]DU�� H[SHULPHQWDU�� OLEHUDU� DO� DPELHQWH��
PXOWLSOLFDU��FRPHUFLDOL]DU�\�XVDU�SODQWDV�WUDQVJpQLFDV�X�RWURV�
SURGXFWRV�GH�OD�LQJHQLHUtD�JHQpWLFD�

/D�&RPLVLyQ�7pFQLFD�1DFLRQDO�GH�%LRVHJXULGDG�HVWXGLD�FDVR�
SRU� FDVR�� FDGD�XQR�GH� ODV� VROLFLWXGHV�SDUD� OD� OLEHUDFLyQ�GH�
RUJDQLVPRV� JHQpWLFDPHQWH� PRGL¿FDGRV� XWLOL]DQGR� FULWHULRV�
FLHQWt¿FRV�SDUD�HO�DQiOLVLV�\�HYDOXDFLyQ�GH�ULHVJRV�\�GLFWD�ODV�
PHGLGDV� SDUD� PLQLPL]DU� ORV� SRVLEOHV� LPSDFWRV�� $VLPLVPR��
IXQFLRQDULRV�GH� � OD�2¿FLQD�1DFLRQDO� �GH� �6HPLOODV�\�GH� � ODV��
$XWRULGDGHV� �1DFLRQDOHV�&RPSHWHQWHV� � LQWHJUDQWHV� � GH� � OD��
&71%LR� LQVSHFFLRQDQ�\�VXSHUYLVDQ�FRQ�HO�¿Q�GH�FRPSUREDU�
TXH�VH�FXPSOHQ�ORV�UHTXLVLWRV�GH�ELRVHJXULGDG�HVWDEOHFLGRV�
HQ�OD�OHJLVODFLyQ�QDFLRQDO��

(O�FXOWLYR�GH�RUJDQLVPRV�JHQpWLFDPHQWH�PRGL¿FDGRV�HQ�&RVWD�
5LFD�LQLFLy�KDFH����DxRV�WDQWR�SDUD�LQYHVWLJDFLyQ�FRPR�SDUD�
OD� UHSURGXFFLyQ�GH�VHPLOODV��$Vt�� OD�VLHPEUD�GH�RUJDQLVPRV�
JHQpWLFDPHQWH� PRGL¿FDGRV� VH� LQLFLy� HQ� ����� FXDQGR� OD�
HPSUHVD� QDFLRQDO� /RV� *DQVRV� 6�� $�� SODQWHy� XQD� VROLFLWXG�
DO�6HUYLFLR�)LWRVDQLWDULR�GHO�(VWDGR�SDUD�LPSRUWDU�\�VHPEUDU�
VR\D�JHQpWLFDPHQWH�PRGL¿FDGD��

(Q�&RVWD�5LFD��GHVGH������KDVWD�HO�������VH�KD�DXWRUL]DGR�
OD� OLEHUDFLyQ� DO� PHGLR� DPELHQWH�� \D� VHD� H[SHULPHQWDO� R�
SDUD� UHSURGXFFLyQ� GH� VHPLOODV�� GH� ORV� VLJXLHQWHV� FXOWLYRV�
JHQpWLFDPHQWH�PRGL¿FDGRV�� WLTXLVTXH��PDt]��VR\D��DOJRGyQ��
EDQDQR��DUUR]��SLxD�\�SOiWDQR��)LJXUD������6H�KD�GHVFRQWLQXDGR�
HO� XVR� GH� DOJXQRV� GH� HVWRV� FXOWLYRV�� FRPR� HV� HO� FDVR� GHO�
SOiWDQR��WLTXLVTXH��DUUR]�\�PDt]���'HQWUR�GH�ODV�FDUDFWHUtVWLFDV�
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GH�HVWRV�FXOWLYRV�SRGHPRV�PHQFLRQDU�OD�UHVLVWHQFLD�D�LQVHFWRV��
WROHUDQFLD�D�KHUELFLGDV��UHVLVWHQFLD�D�HQIHUPHGDGHV�FDXVDGDV�
SRU� KRQJRV� \� YLUXV�� PDGXUDFLyQ� OHQWD� \� PHMRUDPLHQWR� GH�
OD� FDOLGDG� QXWULFLRQDO� GH� ORV� IUXWRV��$Vt�� HQ� HO� DxR� ����� VH�
DXWRUL]y� OD� VLHPEUD� GH� XQ� WRWDO� GH� ������� KHFWiUHDV� GH�
FXOWLYRV� JHQpWLFDPHQWH� PRGL¿FDGRV1�� 3ULQFLSDOPHQWH�� VH�
DXWRUL]y� OD� VLHPEUD� GH� DOJRGyQ� �������� KHFWiUHDV�� \� VR\D�
������KHFWiUHDV��~QLFDPHQWH�SDUD�OD�UHSURGXFFLyQ�GH�VHPLOOD�
SDUD�OD�H[SRUWDFLyQ��0LHQWUDV�TXH��VH�DXWRUL]y�OD�VLHPEUD�GH�
EDQDQR����KHFWiUHD��\�SLxD�������KHFWiUHDV��JHQpWLFDPHQWH�
PRGL¿FDGRV� FRQ� ¿QHV� GH� LQYHVWLJDFLyQ�� $O� UHVSHFWR�� FDEH�
PHQFLRQDU�TXH�HQ�&RVWD�5LFD�QR�VH�SURGXFHQ�D~Q�RUJDQLVPRV�
JHQpWLFDPHQWH�PRGL¿FDGRV�SDUD�FRQVXPR�KXPDQR�R�DQLPDO��
~QLFDPHQWH�VH�SURGXFHQ�VHPLOODV�GH�H[SRUWDFLyQ��TXH�QR�VH�
FRPHUFLDOL]DQ�GHQWUR�GHO�PHUFDGR�LQWHUQR��

1  Tomado de: Ing. Alex May Montero. Desarrollo e implementación 
ĚĞ�ƉƌŽĚƵĐƚŽƐ�ŐĞŶĠƟĐĂŵĞŶƚĞ�ŵŽĚŝĮĐĂĚŽƐ͕�Ğů�ĐĂƐŽ�ĚĞů�ŵĂşǌ͘�&ĞďƌĞƌŽ�ϮϬϭϯ͘�
�ŝƐƉŽŶŝďůĞ�ĞŶ�ŚƩƉ͗ͬͬǁǁǁ͘ĂƐĂŵďůĞĂ͘ŐŽ͘Đƌͬ�ŝƉƵƚĂĚĂƐͺ�ŝƉƵƚĂĚŽƐͬ^ŝƟŽͺ&ƌĂĐ-
ĐŝŽŶͺ>ŝďĞƌĂĐŝŽŶͺEĂĐŝŽŶĂůͬ�ŽůĞƚŶйϮϬ>ĂйϮϬsŽǌйϮϬ>ŝďĞƌĂĐŝŽŶŝƐƚĂͬϮϬϭϯйϮϬ
&��Z�ZKͬWƌĞƐĞŶƚĂĐŝŽŶйϮϬ�ƐĂŵďůĞĂйϮϬůĞŐŝƐůĂƟǀĂϭϮϬϮϭϯϭ͘ƉĚĨ
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Figura 14.�&XOWLYRV�*0�DXWRUL]DGRV�SRU�SULPHUD�YH]�HQ�&RVWD�5LFD�GHVGH�
�����DO�������
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Glosario

Abiótico:� VRQ� WRGRV� DTXHOORV� IDFWRUHV� ItVLFRV�� TXtPLFRV� X�
RWURV�IDFWRUHV�GHO�DPELHQWH��FRPR�OD�WHPSHUDWXUD��OD�VDOLQLGDG��
HO� FOLPD��HWF��YLWDOHV�SDUD�HO�FUHFLPLHQWR�\�GHVDUUROOR�GH� ORV�
PLFURRUJDQLVPRV��ODV�SODQWDV�\�ORV�DQLPDOHV�GHO�HFRVLVWHPD�

ADN (ácido desoxirribonucleico):�PDWHULDO� JHQpWLFR�GH� OD�
PD\RUtD� GH� ORV� RUJDQLVPRV� TXH� FRQWLHQH� ODV� LQVWUXFFLRQHV�
XVDGDV� HQ� HO� GHVDUUROOR� \� IXQFLRQDPLHQWR� GH� WRGRV� ORV�
RUJDQLVPRV� YLYRV� \� DOJXQRV� YLUXV��'HVGH� HO� SXQWR� GH� YLVWD�
TXtPLFR�� HO� $'1� HV� XQ� SROtPHUR� GH� QXFOHyWLGRV�� HV� GHFLU��
HV� XQD�PROpFXOD� FRPSXHVWD� SRU�PXFKDV� XQLGDGHV� VLPSOHV�
FRQHFWDGDV�HQWUH�Vt��(Q�HO�$'1�FDGD�QXFOHyWLGR�HVWi�IRUPDGR�
SRU� XQ� D]~FDU� �OD� GHVR[LUULERVD�� \� XQD� EDVH� QLWURJHQDGD�
�DGHQLQD��WLPLQD��FLWRVLQD�R�JXDQLQD���

ADN recombinante:�PROpFXOD�GH�$'1�DUWL¿FLDO�TXH�UHVXOWD�
GH�OD�FRPELQDFLyQ�GH�GRV�IUDJPHQWRV�GH�$'1�GH�RUJDQLVPRV�
GH�HVSHFLHV�GLIHUHQWHV��

ADN-T:�6HJPHQWR�GH�'1$�GHO�SOiVPLGR�7L�GH�Agrobacterium 
tumefaciens�TXH�HV�WUDQVIHULGR�GH�OD�EDFWHULD�DO�JHQRPD�GH�OD�
SODQWD�UHFHSWRUD��

$JUREDFWHULXP� WXPHIDFLHQV:� %DFWHULD� GHO� VXHOR� FDSD]� GH�
WUDQVIHULU�XQD�SDUWH�GH�VX�PDWHULDO�JHQpWLFR�D�ODV�FpOXODV�GH�OD�
SODQWD��(VWD�EDFWHULD�HV�XWLOL]DGD�HQ�OD�ELRWHFQRORJtD�PRGHUQD�
SDUD�REWHQHU�SODQWDV�WUDQVJpQLFDV�

Alergia:�5HVSXHVWD�LQPXQH�H[DJHUDGD�TXH�FLHUWDV�SHUVRQDV�
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GHVDUUROODQ�FRQWUD�DOJXQDV�VXVWDQFLDV��ODV�FXDOHV�VH�FRQRFHQ�
FRPR�DOpUJHQRV�

Biorremediación:� 8VR� GH� DJHQWHV� ELROyJLFRV� SDUD� WUDWDU�
R� UHPHGLDU� VXHORV� \� DJXDV� FRQWDPLQDGDV� FRQ� VXVWDQFLDV�
Wy[LFDV�

Bioseguridad:� FRQMXQWR� GH� SURFHGLPLHQWRV� \�PHGLGDV� TXH�
VH� DGRSWDQ� FRQ� HO� ¿Q� GH� JDUDQWL]DU� OD� VHJXULGDG� KXPDQD��
DQLPDO�\�DPELHQWDO��GH� ODV�DSOLFDFLRQHV�GH� OD�ELRWHFQRORJtD�
PRGHUQD�� SULQFLSDOPHQWH� GH� ORV� RUJDQLVPRV� JHQpWLFDPHQWH�
PRGL¿FDGRV�

Biotecnología:�DFWLYLGDG�TXH�XWLOL]D�RUJDQLVPRV�YLYRV�R�VXV�
FRPSXHVWRV� SDUD� OD� REWHQFLyQ� GH� SURGXFWRV� R� VHUYLFLRV� GH�
YDORU�SDUD�HO�KRPEUH�

Células somáticas:�VRQ�WRGDV�DTXHOODV�FpOXODV�TXH�IRUPDQ�
SDUWH�GH�XQ�RUJDQLVPR��H[FHSWR�ODV�VH[XDOHV��HVSHUPDWR]RLGHV�
\�yYXORV��

Clonación:� SURFHVR� SRU� HO� FXDO� VH� FRQVLJXHQ� GH� PDQHUD�
DVH[XDO�FRSLDV�LGpQWLFDV�GH�FpOXODV�R�XQ�RUJDQLVPR��SODQWDV�
\�DQLPDOHV���

Clones:� 2UJDQLVPRV� R� JUXSR� GH� FpOXODV� JHQpWLFDPHQWH�
LGpQWLFRV� HQWUH� Vt� \� FRQ� HO� DQWHSDVDGR� FRP~Q� GHO� TXH�
SURFHGHQ�

Conservación H[� VLWX:� &RQVHUYDFLyQ� GH� ORV� FRPSRQHQWHV�
GH�OD�GLYHUVLGDG�ELROyJLFD�IXHUD�GH�VXV�KiELWDWV�QDWXUDOHV�
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Conservación LQ� VLWX:� &RQVHUYDFLyQ� GH� ORV� FRPSRQHQWHV�
GH�OD�GLYHUVLGDG�ELROyJLFD�GHQWUR�GH�VXV�KiELWDWV�QDWXUDOHV�R�
FHQWURV�GH�RULJHQ�

Cromosomas:� VRQ� HVWUXFWXUDV� TXH� VH� HQFXHQWUDQ� HQ� HO�
Q~FOHR�GH�ODV�FpOXODV�HXFDULRWDV�\�TXH�FRQWLHQHQ�ORV�JHQHV��
ORV�FXDOHV�GHWHUPLQDQ�ODV�FDUDFWHUtVWLFDV�KHUHGLWDULDV�GH�ORV�
RUJDQLVPRV��

Cultivo de tejidos o LQ�YLWUR: &RQMXQWR�GH�SURFHGLPLHQWRV�
XWLOL]DGRV�SDUD�PDQWHQHU�\�FUHFHU�FpOXODV��WHMLGRV�X�yUJDQRV�
YHJHWDOHV�EDMR�FRQGLFLRQHV�ItVLFDV�\�TXtPLFDV�FRQWURODGDV��

Embriogénesis somática:� WpFQLFD� GH� FXOWLYR� in vitro� TXH�
SHUPLWH�REWHQHU�HPEULRQHV� LGpQWLFRV�D� ORV�FLJyWLFRV��SHUR�D�
SDUWLU�GH�FpOXODV�VRPiWLFDV�VLQ�TXH�RFXUUD�IHFXQGDFLyQ�

Enzima:� PROpFXODV� SURWHLFDV� FDSDFHV� GH� FDWDOL]DU� XQD�
UHDFFLyQ�TXtPLFD��GH� WDO�PDQHUD�TXH� OD� UHDFFLyQ�VH� OOHYD�D�
FDER�FRQ�PD\RU� UDSLGH]��3RU�HMHPSOR�� ODV�HQ]LPDV�SXHGHQ�
D\XGDU�D�GHVFRPSRQHU�ORV�DOLPHQWRV�TXH�FRQVXPLPRV�SDUD�
TXH�HO�FXHUSR�ORV�SXHGD�XWLOL]DU��

Explante:�3RUFLyQ�GH�XQ�WHMLGR�X�yUJDQR�YHJHWDO�TXH�VH�H[WUDH�
GH�XQD�SODQWD�\�VH�FXOWLYD�XWLOL]DQGR�ODV�GLIHUHQWHV�WpFQLFDV�GH�
FXOWLYR�in vitro�

Fenotipo:�VH�GHQRPLQD�IHQRWLSR�D�OD�H[SUHVLyQ�GHO�JHQRWLSR�
\�FRQVLVWH�HQ�HO�DVSHFWR�YLVLEOH��UDVJRV�ItVLFRV�\�FRQGXFWD��GH�
XQ�RUJDQLVPR��

Fermentación:� SURFHVR� GH� GHJUDGDFLyQ� PLFURELDQR� GH�
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FRPSXHVWRV�FRPSOHMRV��SULQFLSDOPHQWH�D]~FDUHV��HQ�DOFRKRO�
R�iFLGR�OiFWLFR�\�HQHUJtD��(Q�OD�IHUPHQWDFLyQ�DOFRKyOLFD�� ODV�
OHYDGXUDV�GHJUDGDQ�ORV�D]~FDUHV�HQ�DXVHQFLD�GH�R[tJHQR�HQ�
DOFRKRO��GLy[LGR�GH�FDUERQR�\�HQHUJtD�

Fitorremediación:� (PSOHR� GH� SODQWDV� SDUD� UHPRYHU�
FRQWDPLQDQWHV�R�VXVWDQFLDV�Wy[LFDV�GHO�VXHOR�R�HO�DJXD�

Fotosíntesis:� SURFHVR� SRU� HO� FXDO� ODV� SODQWDV� \� DOJXQDV�
EDFWHULDV�REWLHQHQ�FRPSXHVWRV�RUJiQLFRV��D]~FDUHV��D�SDUWLU�
GH� GLy[LGR� GH� FDUERQR� \� DJXD� HQ� SUHVHQFLD� GH� OD� HQHUJtD�
VRODU��

Gen:� XQLGDG� GH� OD� KHUHQFLD� FRPSXHVWD� SRU� $'1� \� TXH�
HV� WUDQVPLWLGD� GH� JHQHUDFLyQ� HQ� JHQHUDFLyQ� GXUDQWH� OD�
UHSURGXFFLyQ� VH[XDO� R� DVH[XDO�� /RV� JHQHV� FRQWLHQHQ� OD�
LQIRUPDFLyQ�QHFHVDULD�SDUD�OD�VtQWHVLV�GH�SURWHtQDV�

Genoma:� WRWDOLGDG� GHO� PDWHULDO� JHQpWLFR� FRQWHQLGR� HQ�
RUJDQLVPR�� (Q� ORV� RUJDQLVPRV� HXFDULRWDV�� HO� JHQRPD� HVWi�
FRPSXHVWR�SRU�HO�$'1�RUJDQL]DGR�HQ�ORV�FURPRVRPDV��

Genotipo:�FRQVWLWXFLyQ�JHQpWLFD�GH�XQ�RUJDQLVPR��

Germoplasma:�,QGLYLGXR�R�JUXSR�GH�LQGLYLGXRV�UHSUHVHQWDWLYRV�
GH�XQ�JHQRWLSR��YDULHGDG��HVSHFLH�R�FXOWLYR�TXH�IRUPD�SDUWH�GH�
XQD�FROHFFLyQ�PDQWHQLGD�in situ��HQ�HO�OXJDU��R�ex situ��IXHUD�
GH�VX�DPELHQWH�QDWXUDO���

Ingeniería genética:� FRQMXQWR� GH� WpFQLFDV� TXH� SHUPLWHQ�
DLVODU��SXUL¿FDU�\�FUHDU�XQD�PROpFXOD�GH�$'1�UHFRPELQDQWH�H�
LQWURGXFLUOD�HQ�XQ�RUJDQLVPR�UHFHSWRU��
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Metabolismo:�FRQMXQWR�GH�UHDFFLRQHV�ELRTXtPLFDV�\�SURFHVRV�
ItVLFR�TXtPLFRV� TXH� SHUPLWHQ� ODV� GLYHUVDV� DFWLYLGDGHV� GH�
ODV�FpOXODV� �FUHFHU�� UHSURGXFLUVH��PDQWHQHU�VXV�HVWUXFWXUDV��
UHVSRQGHU� D� HVWtPXORV�� HWF���� (O� PHWDEROLVPR� SULPDULR�
FRQVWLWX\H� WRGRV� DTXHOORV� SURFHVRV� HVHQFLDOHV� SDUD� ODV�
IXQFLRQHV�EiVLFDV�GH�OD�FpOXOD��PLHQWUDV�TXH��HO�PHWDEROLVPR�
VHFXQGDULR�FRQVLVWH�HQ�ORV�SURFHVRV�QR�HVHQFLDOHV�SDUD�ODV�
IXQFLRQHV�PHWDEyOLFDV�EiVLFDV�GH�OD�FpOXOD��

Metabolito primario:� FXDOTXLHU� PHWDEROLWR� SURGXFWR� GHO�
PHWDEROLVPR�SULPDULR��FRPR�SRU�HMHPSOR�ORV�D]~FDUHV�\� ODV�
SURWHtQDV�

Metabolito secundario:� FXDOTXLHU� PHWDEROLWR� SURGXFWR� GHO�
PHWDEROLVPR�VHFXQGDULR��FRPR�SRU�HMHPSOR�ORV�FDURWHQRLGHV�

Metabolito:�&XDOTXLHU� VXVWDQFLD� TXH� VH� SURGXFH� R� HPSOHD�
GXUDQWH�HO�PHWDEROLVPR�

Microorganismo:� RUJDQLVPR� YLVLEOH� ~QLFDPHQWH� FRQ� OD�
D\XGD�GH�XQ�PLFURVFRSLR��'HQWUR�GH�HVWH�JUXSR�VH�LQFOX\HQ�
D�ODV�EDFWHULDV��ORV�SURWR]RRV�\�DOJXQRV�KRQJRV�\�SURWLVWDV�

Nanotecnología:� FDPSR� GH� OD� FLHQFLD� GHGLFDGR� DO� HVWXGLR�
\� PDQLSXODFLyQ� GH� OD� PDWHULD� FX\R� WDPDxR� HV� PHQRU� D� ��
PLFUyPHWUR���P��

Patógeno:�RUJDQLVPR��EDFWHULDV��KRQJRV��YLUXV�\�QHPDWRGRV��
FDXVDQWH�GH�XQD�HQIHUPHGDG�HQ�DQLPDOHV�\�SODQWDV��

Plásmido:� PROpFXODV� GH� $'1� H[WUDFURPRVyPLFR� FLUFXODU�
R� OLQHDO� TXH� VH� UHSOLFDQ� LQGHSHQGLHQWHPHQWH� GHO� $'1�
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FURPRVRPDO�� *HQHUDOPHQWH�� HQ� ODV� EDFWHULDV� ORV� JHQHV� GH�
UHVLVWHQFLD� D� DQWLELyWLFRV� VH� HQFXHQWUDQ� FRQWHQLGRV� HQ� ORV�
SOiVPLGRV��$VLPLVPR��ORV�SOiVPLGRV�VRQ�GH�JUDQ�LPSRUWDQFLD�
HQ�ORV�SURFHVRV�GH�LQJHQLHUtD�JHQpWLFD��

Proteína:�0ROpFXODV�OLQHDOHV�IRUPDGDV�SRU�DPLQRiFLGRV��Las 
SURWHtQDV�FXPSOHQ�IXQFLRQHV�YLWDOHV�HQ�ORV�RUJDQLVPRV�\�HVWiQ�
GHWHUPLQDGDV� SRU� OD� LQIRUPDFLyQ� JHQpWLFD� FRQWHQLGD� HQ� ORV�
JHQHV��(Q�ORV�RUJDQLVPRV��ODV�SURWHtQDV�FXPSOHQ�IXQFLRQHV�
HVWUXFWXUDOHV��HQ]LPiWLFDV��LQPXQROyJLFDV��GH�SURWHFFLyQ��HWF�

Riesgo:�3RVLELOLGDG�R�SUREDELOLGDG�GH�TXH�VXFHGD�XQ�GDxR��

Secuenciación del ADN:� FRQMXQWR� GH�PpWRGRV� \� WpFQLFDV�
ELRTXtPLFDV� TXH� SHUPLWHQ� GHWHUPLQDU� HO� RUGHQ� GH� ORV�
QXFOHyWLGRV� �DGHQLQD�� WLPLQD�� FLWRVLQD� R� JXDQLQD�� HQ� XQD�
FDGHQD�GH�$'1�

Transcriptoma:� FRQMXQWR� GH�PROpFXODV� GH�$51�PHQVDMHUR�
UHVXOWDQWHV�GH�OD�WUDQVFULSFLyQ��(Q�OD�WUDQVFULSFLyQ�HO�$'1�HV�
WUDQVFULWR�R�FRSLDGR�D�XQD�PROpFXOD� LQWHUPHGLDULD�FRQRFLGD�
FRPR�$51�PHQVDMHUR��HO�FXDO�SRVWHULRUPHQWH�GD�RULJHQ�D�ODV�
SURWHtQDV�HQ�XQ�SURFHVR�FRQRFLGR�FRPR�WUDGXFFLyQ��
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3HxD� /�� ������ 7UDQJHQLF� SODQWV�� 0HWKRGV� DQG� 3URWRFROV��
7RWRZD��1-��+XPDQD�3UHVV�,QF���0HWKRGV�LQ�0ROHFXODU�
%LRORJ\��Y��������

3LORQ�6PLWV�(��������3K\WRUHPHGLDWLRQ��$QQX��5HY��3ODQW�%LRO��
�����±���

5HQQHEHUJ�5��������%LRWHFQRORJtD�SDUD�SULQFLSLDQWHV��(GLWRULDO�
5HYHUWH������S�

5R[DQD�6�\�9DOYHUGH�0��������%LRVHJXULGDG��XQD�JXtD�SDUD�
HO� FRQVXPLGRU�� )XQGDFLyQ� $PELR� \� OD� $VRFLDFLyQ�
$/(57$��6DQ�-RVp��&RVWD�5LFD�����S

5R\DO�6RFLHW\�RI�/RQGRQ��������*HQHWLFDOO\�PRGL¿HG�SODQWV�
IRU�IRRG�XVH�DQG�KXPDQ�KHDOWK²DQ�XSGDWH�����S��



75

6DEEDWLQL�05�� ,ULJR\HQ� -+��9HUQDYi�01�� ������(VWUDWHJLDV�
SDUD� HO�PDQHMR� LQWHJUDGR� GH�PDOH]DV�� SUREOHPiWLFD��
UHVLVWHQFLD�D�KHUELFLGDV�\�DSRUWHV�GH�OD�ELRWHFQRORJtD��
En�� /HYLWXV� *�� (FKHQLTXH� 9�� 5XELQVWHLQ� &�� +RSS� (��
0URJLQVNL�/��HGV���%LRWHFQRORJtD�\�PHMRUDPLHQWR�YHJHWDO�
,,��,QVWLWXWR�1DFLRQDO�GH�7HFQRORJtD�$JURSHFXDULD����HG��
SS����������

6DPXHO� 6�� 0�� 6XQ� \� 4LDRTXDQ� /LX�� ������ 7UDQVJHQLF�
DSSURDFKHV�WR�LPSURYH�WKH�QXWULWLRQDO�TXDOLW\�RI�SODQW�
SURWHLQV��,Q�9LWUR�&HOO��'HY��%LRO�²3ODQW���������±�����

6DVVRQ� $�� ������ )RRG� DQG� QXWULWLRQ� ELRWHFKQRORJ\��
DFKLHYHPHQWV��SURVSHFWV�DQG�SHUFHSWLRQV��818�,$6��
���S�

6DVVRQ�$��������,QGXVWULDO�DQG�HQYLURQPHQWDO�ELRWHFKQRORJ\��
DFKLHYHPHQWV��SURVSHFWV�DQG�SHUFHSWLRQV��818�,$6��
���S�

6DVVRQ� $�� ������ 0HGLFDO� ELRWHFKQRORJ\�� DFKLHYHPHQWV��
SURVSHFWV�DQG�SHUFHSWLRQV��818�,$6������S�

6DVVRQ� $�� ������ 3ODQW� DQG� DJULFXOWXUDO� ELRWHFKQRORJ\��
DFKLHYHPHQWV��SURVSHFWV�DQG�SHUFHSWLRQV��818�,$6��
����S�

6LWWHQIHOG�$��(VSLQR]D�$0��������&RVWD�5LFD��UHYHDOLQJ�GDWD�
RQ� SXEOLF� SHUFHSWLRQ� RI� *0� FURSV�� 7UHQGV� LQ� 3ODQW�
6FLHQFH��������������

6RFLHGDG�(VSDxROD�GH�%LRWHFQRORJtD��������%LRWHFQRORJtD�\�
VDOXG��SUHJXQWDV�\�UHVSXHVWDV�����S�

6RFLHGDG� (VSDxROD� GH� %LRWHFQRORJtD�� ������ 3ODQWDV�
WUDQVJpQLFDV��SUHJXQWDV�\�UHVSXHVWDV�����S�

6RFLHGDG�(VSDxROD�GH�%LRWHFQRORJtD��������%LRWHFQRORJtD�\�
DOLPHQWRV��SUHJXQWDV�\�UHVSXHVWDV�����S�

6RFLHGDG�(VSDxROD�GH�%LRWHFQRORJtD��������%LRWHFQRORJtD�\�
PHGLR�DPELHQWH��SUHJXQWDV�\�UHVSXHVWDV�����S�
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6WHZDUW�3��0FOHDQ�:��������3XEOLF�RSLQLRQ� WRZDUG� WKH�¿UVW��
VHFRQG��DQG�WKLUG�JHQHUDWLRQV�RI�SODQW�ELRWHFKQRORJ\��
,Q�9LWUR�&HOO��'HY��%LRO�²3ODQW�������±����

7HOL� 1�� 7LPNR� 0�� ������ 5HFHQW� GHYHORSPHQWV� LQ� WKH� XVH�
RI� WUDQVJHQLF� SODQWV� IRU� WKH� SURGXFWLRQ� RI� KXPDQ�
WKHUDSHXWLFV� DQG� ELRSKDUPDFHXWLFDOV�� 3ODQW� &HOO��
7LVVXH�DQG�2UJDQ�&XOWXUH��������±����

9DOGH]�0��5RGUtJXH]�,��6LWWHQIHOG�$��������3HUFHSFLyQ�GH�OD�
ELRWHFQRORJtD�HQ�HVWXGLDQWHV�XQLYHUVLWDULRV�GH�&RVWD�
5LFD��5HY��%LRO��7URS��������������

9DOGH]��0���/ySH]��5���-LPpQH]��/��������(VWDGR�DFWXDO�GH�OD�
ELRWHFQRORJtD�HQ�&RVWD�5LFD��5HY��%LRO��7URS����������
����

9HUPD A, $JUDKDUL S, �5DVWRJL�6��6LQJK�$��������%LRWHFKQRORJ\�
LQ�WKH�UHDOP�RI�KLVWRU\��-�3KDUP�%LRDOOLHG�6FL��������±
�����

:DOWHU� -�0�� \� 5DSOH\�� 5�� � ������ 0ROHFXODU� ELRORJ\� DQG�
ELRWHFKQRORJ\���WK�HGLWLRQ��*UHDW�%ULWDLQ������S�

<DNLPRY�0��7LPPLV�.��*RO\VKLQ�3��������2EOLJDWH�RLO�GHJUDGLQJ�
PDULQH� EDFWHULD�� &XUUHQW� 2SLQLRQ� LQ� %LRWHFKQRORJ\��
������±����

=DLG�$��+XJKHV�+*��3RUFHGGX�(��1LFKRODV�)��������*ORVDULR�
GH�OD�DJULFXOWXUD�\�OD�DOLPHQWDFLyQ��2UJDQL]DFLyQ�GH�ODV�
1DFLRQHV�8QLGDGV�SDUD�OD�$JULFXOWXUD�\�OD�$OLPHQWDFLyQ�
�)$2�������S��

=XENR� 0�� =XENR� (�� =XLOHQ� .�� 0H\HU� 3� \� 'D\� $�� � �������
6WDEOH� WUDQVIRUPDWLRQ� RI� SHWXQLD� SODVWLGV��7UDQVJHQLF�
5HVHDUFK�������������



/RV� DYDQFHV� FLHQWt¿FRV� \� WHFQROyJLFRV� GH�
OD� ELRWHFQRORJtD� LPSDFWDQ� HQ� OD� VRFLHGDG�
\� HV� QHFHVDULD� XQD� ODERU� SHUPDQHQWH� GH�
HGXFDFLyQ� HQ� HVWDV� QXHYDV� WHFQRORJtDV��
¢4Xp� HV� ELRWHFQRORJtD"� $XQTXH�� OD�
ELRWHFQRORJtD� IRUPD� SDUWH� GH� QXHVWUD�
YLGD� FRWLGLDQD� \� KD� VLGR� HPSOHDGD� SRU� HO�
KRPEUH�GHVGH�KDFH�PLOHV�GH�DxRV��HV�XQ�
WpUPLQR� GHVFRQRFLGR� SRU� PXFKRV�� 3RU� OR�
WDQWR�� HO� SUHVHQWH� IROOHWR� HVWi� GLULJLGR� D�
ORV�PLHPEURV�GH�OD�VRFLHGDG�\�WLHQH�FRPR�
REMHWLYR� LQWURGXFLU� \� GHVFULELU� HO� XVR� \� HO�
LPSDFWR�GH�OD�ELRWHFQRORJtD� 

(VWH�GRFXPHQWR�VH�LPSULPLy�FRQ�HO�DSRUWH�
GHO�3URJUDPD�GH�ODV�1DFLRQHV�8QLGDV�SDUD�
HO�0HGLR�$PELHQWH��81(3��SRU�VXV�VLJODV�HQ�
LQJOpV��\�HO�)RQGR�SDUD�HO�0HGLR�$PELHQWH�
0XQGLDO� �*()�� SRU� VXV� VLJODV� HQ� LQJOpV���
EDMR�HO�PDUFR�GHO�3UR\HFWR�1R��*/)������
������%��� ³,PSOHPHQWDFLyQ� GH� XQ� 0DUFR�
1DFLRQDO�GH�%LRVHJXULGDG�SDUD�&RVWD�5LFD´��

6DQ�-RVp��&RVWD�5LFD�������


