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1. ĭĪĬņ 
 
1.1 ľĸńĔĔŅĶŐĸŃŏľĨŋįĸ 

ĮĶŃŏĪĻœĪĵĸĚĪŋĬŏıŊŗŀıńĥĬŅĔŅĶĺŇěńĵŐĸŃıńĥĬŅĽŅĕŅıńĬīŋĺŇĻĺĔĶĶĴȮ&genetic engineering) ĴŅĵŅĺĬŅĬȮȮȮ
őħĵŏĶŇŗĴĨƟĬħƟĺĵĔŅĶěńħĨńŘĚĻŌĬĵƢıńĬīŋĺŇĻĺĔĶĶĴŐĸŃŏĪėőĬőĸĵňĝňĺĳŅıŐľƞĚĝŅĨŇȮ(National Center for Genetic 
Engineering and Biotechnology, BIOTEC) ŏĴŊŗŀĮƖȮı,Ļ,Ȯ2526ȮőħĵĻŌĬĵƢłȮĴňıńĬīĔŇěľĸńĔȮėŊŀĔŅĶĽĬńĭĽĬŋĬȮ 
ĔŅĶĺŇěńĵŐĸŃıńĥĬŅŏıŊŗŀĽĶƟŅĚėĺŅĴĽŅĴŅĶĩħƟŅĬŏĪėőĬőĸĵňĝňĺĳŅıĽĴńĵŒľĴƞĕŀĚĮĶŃŏĪĻȮȮ 

ĔŅĶĸĚĪŋĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚĨĸŀħȮ40 ĮƖȮœħƟĴňĽƞĺĬĽņėńĠŒĬĔŅĶĪņŒľƟĮĶŃŏĪĻœĪĵĴňĔŅĶĽĶƟŅĚĬńĔĺŇěńĵŒĬĽŅĕŅ
ŏĪėőĬőĸĵňĝňĺĳŅıĪňŗĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŒĝƟŏĪėĬŇėıńĬīŋĺŇĻĺĔĶĶĴŏıŇŗĴĕŉŘĬĴŅĔ ĪńŘĚěŅĔĬńĔŏĶňĵĬĪŋĬĔĶŃĪĶĺĚĺŇĪĵŅĻŅĽĨĶƢ
ĪňŗœĮŏĶňĵĬŒĬĽŅĕŅĬňŘȮŐĸŃĬńĔĻŉĔļŅĪňŗįĸŇĨĕŉŘĬőħĵĽĩŅĭńĬŀŋħĴĻŉĔļŅŏĸŃĭńĦĤŇĨĻŉĔļŅŒĬĮĶŃŏĪĻĪňŗĴňĔŅĶŏĮƕħľĸńĔĽŌĨĶ
ħńĚĔĸƞŅĺĴŅĔĔĺƞŅȮ20 ŐľƞĚȮıĶƟŀĴĔńĭĔŅĶĪňŗĳŅėĶńģĸĚĪŋĬőėĶĚĽĶƟŅĚıŊŘĬģŅĬĪňŗĽņėńĠŒĬĔŅĶĽĬńĭĽĬŋĬĔŅĶıńĥĬŅ
ėĺŅĴĔƟŅĺľĬƟŅĪŅĚŏĪėőĬőĸĵňĝňĺĳŅıȮŏĝƞĬȮľƟŀĚĮĢŇĭńĨŇĔŅĶĪňŗĴňėĶŋĳńĦĤƢĺŇĪĵŅĻŅĽĨĶƢŏĜıŅŃĪŅĚȮĔŅĶěńħĨńŘĚĽĩŅĭńĬ 
ěňőĬĴȮĔŅĶĸĚĪŋĬőĶĚĚŅĬĨƟĬŐĭĭĪŅĚŏĪėőĬőĸĵňĝňĺĳŅıŏıŊŗŀĔŅĶįĸŇĨŒĬĶŃħńĭĕĵŅĵĕĬŅħȮŏĮƦĬĨƟĬȮŐĸŃĽƞĚŏĽĶŇĴĔŅĶĬņ
įĸĚŅĬĺŇěńĵœĮĽŌƞĔŅĶŒĝƟĮĶŃőĵĝĬƢȮȮŏĶƞĚĵĔĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶŒĬĽĩŅĬĪňŗĺŇěńĵěņĬĺĬĴŅĔŒľƟœħƟĴŅĨĶģŅĬėĺŅĴĮĸŀħĳńĵ
ĪŅĚĝňĺĳŅıĶŃħńĭĨƞŅĚȮŕȮȮıĶƟŀĴĔńĭěńħĨńŘĚėĦŃĔĶĶĴĔŅĶŏĪėĬŇėħƟŅĬėĺŅĴĮĸŀħĳńĵĪŅĚĝňĺĳŅıȮ&Technical Biosafety 
Committee ů TBC)ȮȮŒĬĶŃħńĭĮĶŃŏĪĻŏıŊŗŀĪņľĬƟŅĪňŗıńĥĬŅŐĬĺĪŅĚĮĢŇĭńĨŇŏıŊŗŀėĺŅĴĮĸŀħĳńĵĪŅĚĝňĺĳŅıĪńŘĚŒĬĶŃħńĭ
ľƟŀĚĮĢŇĭńĨŇĔŅĶŐĸŃĶŃħńĭőĶĚĚŅĬĨƟĬŐĭĭȮĞŉŗĚěņŏĮƦĬĽņľĶńĭĔŅĶěńħĔŅĶĽŇŗĚĴňĝňĺŇĨĪňŗįƞŅĬĔŅĶĮĶńĭŏĮĸňŗĵĬıńĬīŋĔĶĶĴȮȮ 
ŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶŒĝƟĮĶŃőĵĝĬƢěĶŇĚěŅĔĚŅĬĺŇěńĵȮȮŒĬĽƞĺĬĕŀĚĽĩŅĭńĬĺŇěńĵŐĸŃĴľŅĺŇĪĵŅĸńĵĨƞŅĚȮŕȮĔŖĴňėĺŅĴıĶƟŀĴĪŅĚħƟŅĬ
ĔŅĶĻŉĔļŅĺŇěńĵĪňŗŒĝƟŏĪėőĬőĸĵňĝňĺĳŅıȮħńĚěŃŏľŖĬœħƟěŅĔĔŅĶĴňėĦŃĔĶĶĴĔŅĶėĺŅĴĮĸŀħĳńĵĪŅĚĝňĺĳŅıĶŃħńĭĽĩŅĭńĬȮ
&Institutional Biosafety Committee - IBC) ĪņľĬƟŅĪňŗĔņĔńĭħŌŐĸŐĸŃėĺĭėŋĴĔŅĶĺŇěńĵŒľƟŏĮƦĬĴŅĨĶģŅĬŐĸŃĴňėĺŅĴ
ĮĸŀħĳńĵĪńŘĚĔńĭįŌƟĺŇěńĵŐĸŃĽŇŗĚŐĺħĸƟŀĴŀĵŌƞŏĔŊŀĭĪŋĔĪňŗȮȮŀńĬŐĽħĚŒľƟŏľŖĬĺƞŅĮĶŃŏĪĻœĪĵĴňėĺŅĴıĶƟŀĴħƟŅĬŏĪėőĬőĸĵňĨĸŀħ
ĪńŘĚȮvalue chain ȮĮƤěěŋĭńĬĴňįĸŇĨĳńĦĤƢěŅĔěŋĸŇĬĪĶňĵƢħńħŐĮĸĚıńĬīŋĔĶĶĴěņľĬƞŅĵŒĬŏĝŇĚĔŅĶėƟŅȮœħƟŐĔƞȮŏŀĬœĞĴƢȮȮĽŅĶȮȮȮȮȮȮ
őŀĸŇőĔŐĞŖĔėŅœĶħƢȮĺńĨĩŋŏěŊŀĮĬŀŅľŅĶȮŐĸŃĔĶħŀŃĴŇőĬĪňŗŒĝƟŒĬŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮ ŐĸŃĴňĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔįĸŇĨĳńĦĤƢ
ěŅĔıŊĝħńħŐĮĸĚıńĬīŋĔĶĶĴȮŏĝƞĬȮĩńŗĺŏľĸŊŀĚŐĸŃĕƟŅĺőıħĪňŗĪĬĨƞŀĽŅĶĔņěńħĺńĝıŊĝȮŏĮƦĬĨƟĬȮĽņľĶńĭŏĮƦĬĺńĨĩŋħŇĭŒĬ
ŀŋĨĽŅľĔĶĶĴĨƞŀŏĬŊŗŀĚȮŏĝƞĬȮŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮŀŋĨĽŅľĔĶĶĴŀŅľŅĶĽńĨĺƢȮ 

ŏĪėőĬőĸĵňĝňĺĳŅıĽĴńĵŒľĴƞœħƟĶńĭĔŅĶıńĥĬŅŀĵƞŅĚĨƞŀŏĬŊŗŀĚěĬĩŉĚĮƤěěŋĭńĬȮŐĸŃĴňĽƞĺĬĽņėńĠŒĬĔŅĶŏĔŇħĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢȮ&synthetic biology) ĞŉŗĚŏĮƦĬĻŅĽĨĶƢŒľĴƞĪňŗŏĶŇŗĴĴňĔŅĶĔĸƞŅĺĩŉĚŒĬĮƖȮı,Ļ,Ȯ25491ȮĞŉŗĚŏĮƦĬĔŅĶĬņĻŅĽĨĶƢħƟŅĬȮ
ŀĦŌĝňĺĺŇĪĵŅȮ(molecular biology) ĴŅįĽŅĬĔńĭĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮőħĵŀŅĻńĵľĸńĔĔŅĶĻŉĔļŅȮŴĶŃĭĭĕŀĚĽŇŗĚĴňĝňĺŇĨŵȮ
ěŅĔĴŋĴĴŀĚŐĸŃŏėĶŊŗŀĚĴŊŀĪŅĚħƟŅĬĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĪňŗŏĮĶňĵĭŏĪňĵĭĶŃĭĭĽŇŗĚĴňĝňĺŇĨŏĽĴŊŀĬĮĶŃĔŀĭĕŉŘĬħƟĺĵĺĚěĶœĲĲƚŅ
ŐĸŃőĶĚĚŅĬįĸŇĨĪňŗĴňĔĸœĔėĺĭėŋĴȮŐĸŃĽŅĴŅĶĩŐĭƞĚĔŅĶėĺĭėŋĴŀŀĔŏĮƦĬĶŃĭĭŏĸŖĔȮŕȮĴŅĮĶŃĔŀĭĔńĬȮĞŉŗĚľŅĔĽĸńĭ

 
1 Andrianantoandro E, Basu S, Karig D, Weiss R (2006) Synthetic biology: new engineering rules for an emerging 

discipline. Mol Sys Biol [doi: 10.1038/msb4100073] EMBO Rep. 2008 Sep; 9(9): 822ů827. Published online 2008 Aug 22. doi: 
10.1038/embor.2008.159 
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ĮĶńĭŏĮĸňŗĵĬŀĚėƢĮĶŃĔŀĭŏĸŖĔȮŕȮĬňŘȮȮĔŖŀŅěĽĶƟŅĚĽŇŗĚĴňĝňĺŇĨĪňŗĴňėŋĦĽĴĭńĨŇŒľĴƞĨŅĴĨƟŀĚĔŅĶľĶŊŀŐĴƟĔĶŃĪńŗĚœħƟĽŇŗĚĴňĝňĺŇĨŐĭĭĪňŗ
œĴƞŏėĵĴňĴŅĔƞŀĬȮőħĵĪňŗŐĬĺėŇħŏĝƞĬĬňŘȮŐĨĔĨƞŅĚĔńĭĔŅĶĪņıńĬīŋĺŇĻĺĔĶĶĴŐĭĭŏħŇĴĪňŗŒĝƟŏľĨŋįĸŒĬĔŅĶŀŀĔŐĭĭŐĸŃėƞŀĵȮŕȮ
ĮĶńĭŏĮĸňŗĵĬĵňĬĕŀĚĽŇŗĚĴňĝňĺŇĨĪňŗĴňŀĵŌƞŏħŇĴĪňĸŃĬƟŀĵȮĴŅŏĮƦĬĔŅĶŀŀĔŐĭĭŐĸŃħņŏĬŇĬĔŅĶŏĮĸňŗĵĬŀĚėƢĮĶŃĔŀĭľĸŅĵĽƞĺĬ
ŏıŊŗŀĽĶƟŅĚĽŇŗĚĴňĝňĺŇĨĪňŗĞńĭĞƟŀĬĴŅĔĕŉŘĬŒľĴƞŀĵƞŅĚŐĴƞĬĵņĨŅĴŐĬĺėŇħĕŀĚĺŇĻĺĔĶĶĴĻŅĽĨĶƢ2 

 
 
ħƟĺĵĻńĔĵĳŅıĕŀĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪňŗŀŅěĬņœĮĽŌƞĔŅĶĽĶƟŅĚŒľƟĽŇŗĚĴňĝňĺŇĨĪňŗĴňȮfunction ĨƞŅĚœĮěŅĔŏħŇĴœħƟ 

ŀĵƞŅĚĴŅĔȮĪņŒľƟėĺŅĴĔƟŅĺľĬƟŅĕŀĚĔŅĶĻŉĔļŅĺŇěńĵŒĬĽŅĕŅĬňŘĩŌĔėŅħľĺńĚĺƞŅěŃĬņœĮĽŌƞĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢŒľĴƞľĶŊŀĺŇīňĔŅĶ
ŐĔƟĮƤĠľŅŐĭĭŒľĴƞĪňŗěŃŏĮƦĬĮĶŃőĵĝĬƢĨƞŀĴĺĸĴĬŋļĵƢĪňŗĽŌĚĕŉŘĬȮȮŏĝƞĬȮ 

¶ ĪŅĚħƟŅĬĔŅĶŐıĪĵƢȮŀŅěĬņœĮĽŌƞĵŅľĶŊŀĺŇīňĶńĔļŅĽņľĶńĭőĶėĨƞŅĚȮŕȮĪņŒľƟœħƟĺŇīňĺŇĬŇěĜńĵȮĨŇħĨŅĴŐĸŃĶńĔļŅ 
ĪňŗħňœĮĔĺƞŅŏħŇĴȮ 

¶ ĪŅĚħƟŅĬĽŇŗĚŐĺħĸƟŀĴȮŀŅěĬņœĮĽŌƞĔŅĶŐĔƟĮƤĠľŅŀĵƞŅĚĵńŗĚĵŊĬȮŏĝƞĬȮĔŅĶœħƟĺńĽħŋĪňŗŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴȮ
ŏĝŊŘŀŏıĸŇĚĝňĺĳŅıȮŐĸŃĔŅĶěńħĔŅĶĕŀĚŏĽňĵħƟĺĵŏĪėőĬőĸĵňŒľĴƞĪňŗĴňėĺŅĴŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴĵŇŗĚĕŉŘĬȮ 

¶ ĪŅĚħƟŅĬĔŅĶŏĔļĨĶŐĸŃĔŅĶįĸŇĨŀŅľŅĶȮŀŅěĬņœĮĽŌƞįĸįĸŇĨĪňŗĽŌĚĕŉŘĬĕŀĚıŊĝŀŅľŅĶȮĽŅĵıńĬīŋƢıŊĝĪňŗĪĬĨƞŀőĶė
ŐĸŃŐĴĸĚȮĴňėŋĦėƞŅĪŅĚőĳĝĬŅĔŅĶȮĴňėŋĦĳŅıľĶŊŀĶĽĝŅĨŇĪňŗħňĵŇŗĚĕŉŘĬȮĔŅĶěńħĶŃĭĭĔŅĶįĸŇĨĔŅĶŏĔļĨĶĪňŗŏĮƦĬ
ĴŇĨĶĔńĭĽŇŗĚŐĺħĸƟŀĴ 

¶ ĪŅĚħƟŅĬŀŋĨĽŅľĔĶĶĴȮŀŅěĬņœĮĽŌƞĺńĽħŋŒľĴƞȮĽŅĶŏėĴňĪŅĚĝňĺĳŅıĪňŗĪħŐĪĬĽŅĶŏėĴňȮŐĸŃĴňĨƟĬĪŋĬĪňŗŏľĴŅŃĽĴ 

ěŅĔĻńĔĵĳŅıĕŀĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŐĸŃıŊŘĬģŅĬĪňŗĮĶŃŏĪĻœĪĵœħƟĴňĔŅĶıńĥĬŅėĺŅĴĔƟŅĺľĬƟŅħƟŅĬȮ 
ıńĬīŋĺŇĻĺĔĶĶĴŐĸŃŏĪėőĬőĸĵňĝňĺĳŅıĴŅĶŃħńĭľĬŉŗĚȮĮĶŃŏĪĻœĪĵěŉĚĴňőŀĔŅĽĪňŗěŃıńĥĬŅĨƞŀĵŀħěŅĔģŅĬĪňŗĴňŀĵŌƞœĮŒĬ
ĻŅĽĨĶƢĪŅĚħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮĞŉŗĚŒĬĕĦŃĬňŘĽĩŅĭńĬĺŇěńĵȮĽĩŅĭńĬĔŅĶĻŉĔļŅŐĸŃĳŅėŏŀĔĝĬœħƟŏĶŇŗĴĴňĔŅĶŒľƟėĺŅĴĽĬŒě
ŒĬĔŅĶıńĥĬŅŐĸŃĬņŏĪėőĬőĸĵňħńĚĔĸƞŅĺĴŅĮĶŃĵŋĔĨƢŒĝƟȮħńĚĬńŘĬȮŏıŊŗŀŒľƟŏĔŇħĔŅĶıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢŐĭĭĴŋƞĚŏĮƚŅȮěņŏĮƦĬŀĵƞŅĚĵŇŗĚĪňŗĮĶŃŏĪĻœĪĵĨƟŀĚĴňĔŅĶěńħĪņŐįĬĪňŗĬņĪŅĚȮ&roadmap) ŏıŊŗŀĔņľĬħŏĮƚŅľĴŅĵ 

 
2 -de Lorenzo, V. Evolutionary tinkering vs. rational engineering in the times of synthetic biology. Life Sci Soc Policy 14, 
18 (2018). https://doi.org/10.1186/s40504-018-0086-x 
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ĪňŗěŃĴŋƞĚœĮȮĦȮŏĺĸŅĨƞŅĚȮŕȮȮőħĵĴňěŋħŏĶŇŗĴĨƟĬľĸńĔěŅĔĔŅĶĻŉĔļŅėĺŅĴĨƟŀĚĔŅĶĕŀĚįŌƟŒĝƟȮĬņœĮŏĝŊŗŀĴőĵĚĔńĭėĺŅĴĽŅĴŅĶĩĪŅĚ
ŏĪėőĬőĸĵňĕŀĚĮĶŃŏĪĻĪńŘĚŒĬľĬƞĺĵĚŅĬĳŅėĶńģŐĸŃŏŀĔĝĬĺƞŅȮėĺŅĴıĶƟŀĴőėĶĚĽĶƟŅĚıŊŘĬģŅĬĪńŘĚŒĬĶŃħńĭĔŅĶĺŇěńĵȮŐĸŃ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶıńĥĬŅĨƞŀĵŀħĽŌƞŏĝŇĚıŅĦŇĝĵƢȮĶĺĴĪńŘĚŏĮĶňĵĭŏĪňĵĭėĺŅĴĽŅĴŅĶĩĕŀĚĮĶŃŏĪĻĔńĭĮĶŃŏĪĻŀŊŗĬȮŕȮĪňŗŏĮƦĬ
įŌƟĬņŒĬĔŅĶĸĚĪŋĬŒĬĻŅĽĨĶƢĬňŘȮŏıŊŗŀŒľƟŏľŖĬĝƞŀĚĺƞŅĚĪňŗĴňŀĵŌƞŐĸŃŐĬĺĪŅĚĔŅĶĮĶńĭĮĶŋĚȮ 

ėĺŅĴŏĕƟŅŒěľĶŊŀĶńĭĶŌƟĕŀĚįŌƟĪňŗŏĔňŗĵĺĕƟŀĚĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵŌƞĴŅĔĶŃľĺƞŅĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŐĸŃ
ŏĪėőĬőĸĵňĝňĺĳŅıĽĴńĵŒľĴƞȮŐĴƟĺƞŅȮĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴňĔŅĶŒĝƟŀĚėƢėĺŅĴĶŌƟŐĸŃőėĶĚĽĶƟŅĚıŊŘĬģŅĬĭŅĚĮĶŃŏĳĪėĸƟŅĵ 
ıńĬīŋĺŇĻĺĔĶĶĴŐĸŃŏĪėőĬőĸĵňĝňĺĳŅıȮŐĨƞĴňŀĚėƢĮĶŃĔŀĭľĸŅĵŀĵƞŅĚĪňŗŐĨĔĨƞŅĚěŅĔıńĬīŋĺŇĻĺĔĶĶĴŐĸŃŏĪėőĬőĸĵňĝňĺĳŅı
őħĵĽŇŘĬŏĝŇĚȮŏĝƞĬȮŐĬĺėĺŅĴėŇħįĽĴĶŃľĺƞŅĚĺŇĻĺĔĶĶĴĻŅĽĨĶƢĔńĭŀĦŌĝňĺĺŇĪĵŅȮȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽĶƟŅĚȮtool boxȮĕŀĚȮ
biological parts ĪňŗěŃĬņĴŅŒĝƟĽĶƟŅĚĽŇŗĚĴňĝňĺŇĨŒľĴƞȮœħƟŐĔƞȮŏĞĸĸƢŏěƟŅĭƟŅĬȮŀĚėƢĮĶŃĔŀĭĺĚěĶĵňĬȮ(gene circuit)ȮĪňŗŏĮƦĬ
ĝŇŘĬĽƞĺĬĴŅĨĶģŅĬ ĔŅĶėŇħŐĭĭ abstractionȮȮĶĺĴĪńŘĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŀŀĔŐĭĭĶŃĭĭȮ(system design) ĕŀĚ
ĽŇŗĚĴňĝňĺŇĨěŅĔĽŇŗĚĪňŗœĴƞŏėĵŏľŖĬĴŅĔƞŀĬœħƟȮŏĮƦĬĨƟĬȮ 

őėĶĚĔŅĶĻŉĔļŅĽĩŅĬĳŅıėĺŅĴıĶƟŀĴĕŀĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ(synthetic biology) 
ŒĬĮĶŃŏĪĻœĪĵȮěŉĚŏĶŇŗĴĨƟĬħƟĺĵĔŅĶĪņŒľƟŏĔŇħėĺŅĴĝńħŏěĬĕŀĚėĺŅĴľĴŅĵĕŀĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ
ĪňŗŏľĴŅŃĽĴŒĬĭĶŇĭĪŒĬĮĶŃŏĪĻœĪĵȮĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸŏıŊŗŀŒľƟĪĶŅĭĽĩŅĬĳŅıėĺŅĴĽŅĴŅĶĩȮĻńĔĵĳŅıŒĬĔŅĶĽĶƟŅĚȮ
ıńĥĬŅŐĸŃĔŅĶŒĝƟĮĶŃőĵĝĬƢȮĶĺĴĩŉĚėĺŅĴıĶƟŀĴĕŀĚĶŃĭĭĬŇŏĺĻŏıŊŗŀĔŅĶıńĥĬŅĬĺńĨĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢȮĪńŘĚĬňŘȮĕƟŀĴŌĸıŊŘĬģŅĬħńĚĔĸƞŅĺěŃĬņœĮĽŌƞĔŅĶĔņľĬħŐĬĺĪŅĚħņŏĬŇĬĚŅĬĔŅĶıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚ
ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&synthetic biology) ĪňŗŏľĴŅŃĽĴĽņľĶńĭŒĬĶŃĵŃĨƞŀœĮ 

1,2ȮĺńĨĩŋĮĶŃĽĚėƢȮ 

1) ŏıŊŗŀĶĺĭĶĺĴĕƟŀĴŌĸĽĩŅĬĳŅıĔŅĶıńĥĬŅėĺŅĴĽŅĴŅĶĩĕŀĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ
&synthetic biology) ŒĬĮƤěěŋĭńĬȮŐĸŃĮĶŃŏĴŇĬėĺŅĴıĶƟŀĴĕŀĚŏĪėőĬőĸĵňȮ&Technology Readiness Level 
TRL) ĕŀĚĮĶŃŏĪĻœĪĵŏĮĶňĵĭŏĪňĵĭĔńĭĶŃħńĭĬŅĬŅĝŅĨŇȮŐĸŃĮĶŃĴĺĸĕƟŀĴŌĸŀĚėƢĮĶŃĔŀĭĽņėńĠŒĬĴŇĨŇįĸįĸŇĨ
ĚŅĬĺŇěńĵŐĸŃŏĪėőĬőĸĵňȮĔņĸńĚėĬȮȮőėĶĚĽĶƟŅĚıŊŘĬģŅĬħƟŅĬȮĺĪĬ,ȮŐĸŃėĺŅĴĔƟŅĺľĬƟŅŒĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅ 
ŀĚėƢėĺŅĴĶŌƟŐĸŃŏĪėőĬőĸĵňȮĶĺĴĪńŘĚĔŅĶĺŇŏėĶŅŃľƢĻńĔĵĳŅıĔŅĶıńĥĬŅĨƞŀĵŀħĽŌƞŏĝŇĚıŅĦŇĝĵƢȮ 

2) ŏıŊŗŀĶĺĭĶĺĴĕƟŀĴŌĸĮƤĠľŅ-ŀŋĮĽĶĶėȮĶĺĴĩŉĚŐĬĺőĬƟĴėĺŅĴĨƟŀĚĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ
ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚįŌƟĮĶŃĔŀĭĔŅĶœĪĵŒĬŀŋĨĽŅľĔĶĶĴĝňĺĳŅıȮ 

3) ŏıŊŗŀĽĬńĭĽĬŋĬĕƟŀĴŌĸŐĸŃėĺŅĴŏľŖĬĨƞŀįŌƟŏĝňŗĵĺĝŅĠŏıŊŗŀĔŅĶĔņľĬħŐĬĺĪŅĚħņŏĬŇĬĚŅĬĔŅĶıńĥĬŅŏĪėőĬőĸĵň 
ĪňŗŏĔňŗĵĺĕƟŀĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&synthetic biology) ĪňŗŏľĴŅŃĽĴĽņľĶńĭŒĬĶŃĵŃĨƞŀœĮ 
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1,3ȮĕŀĭŏĕĨŐĸŃĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬ 

 ĔŅĶħņŏĬŇĬőėĶĚĔŅĶħńĚĔĸƞŅĺĴňŏĮƚŅľĴŅĵŏıŊŗŀĶĺĭĶĺĴĶŌĮŐĭĭĔŅĶŒĝƟĮĶŃőĵĝĬƢȮĶĺĴĩŉĚėĺŅĴĨƟŀĚĔŅĶŒĝƟ
ĮĶŃőĵĝĬƢĕŀĚĳŅėŏŀĔĝĬŒĬŀĬŅėĨȮŐĸŃĽĩŅĬĳŅıėĺŅĴıĶƟŀĴĕŀĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ
&synthetic biology) ŒĬĮĶŃŏĪĻœĪĵŒĬŏĝŇĚŏĮĶňĵĭŏĪňĵĭĔńĭėĺŅĴıĶƟŀĴĕŀĚőĸĔŏıŊŗŀĬņœĮĽŌƞĔŅĶĺŅĚŐįĬľĶŊŀŐĬĺĪŅĚ 
ĔŅĶıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪňŗŏľĴŅŃĽĴĨƞŀœĮőħĵĔŅĶŀƟŅĚŀŇĚěŅĔĕƟŀĴŌĸĔŅĶĽńĴĳŅļĦƢŐĸŃ
ĔŅĶěńħĮĶŃĝŋĴĶńĭĲƤĚėĺŅĴŏľŖĬĕŀĚįŌƟŏĝňŗĵĺĝŅĠ őħĵĴňĕńŘĬĨŀĬħńĚĬňŘȮ 
 

 
ĔĶŀĭŐĬĺėŇħŒĬĔŅĶħņŏĬŇĬőėĶĚĔŅĶĺŇěńĵ  

 
1) ĔņľĬħĬŇĵŅĴȮĕŀĭŏĕĨĕŀĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&synthetic biology)  

ĪňŗĽŀħėĸƟŀĚĔńĭĭĶŇĭĪĕŀĚĮĶŃŏĪĻœĪĵőħĵŒĝƟĺŇīňĔŅĶĽņĶĺěŏŀĔĽŅĶȮ&literature review) ěŅĔŐľĸƞĚĪŋĨŇĵĳŌĴŇȮŏĝƞĬȮȮ
European CommissionȮUK parliamentary office for Science and Technology Post Note, The German 
Academy of Sciences LeopoldinaȮŐĸŃ Australian Council of Learned AcademiesȮĽńĴĳŅļĦƢŏĝŇĚĸŉĔȮ 
(in-depth interview)ȮŐĸŃěńħĮĶŃĝŋĴĔĸŋƞĴįŌƟŏĝňŗĵĺĝŅĠȮ&focus group) ěŅĔĽĩŅĭńĬĔŅĶĻŉĔļŅŐĸŃĽĩŅĭńĬĔŅĶĺŇěńĵŏıŊŗŀŒľƟ
ėĺŅĴŏľŖĬŏĝŇĚĺŇĝŅĔŅĶĨƞŀĬŇĵŅĴȮĕŀĭŏĕĨĕŀĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&synthetic biology) Īňŗ
ĽŀħėĸƟŀĚĔńĭĭĶŇĭĪĕŀĚĮĶŃŏĪĻœĪĵ 

 
2) ĔŅĶĻŉĔļŅŐĸŃĺŇŏėĶŅŃľƢėĺŅĴĨƟŀĚĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ

ŏıŊŗŀĔŅĶįĸŇĨŐĸŃĔŅĶėƟŅȮȮőħĵĴňĕńŘĬĨŀĬŒĬĔŅĶħņŏĬŇĬĚŅĬȮħńĚĬňŘȮ 
2.1 ĔņľĬħĽŅĕŅŀŋĨĽŅľĔĶĶĴŐĸŃěņĬĺĬįŌƟĮĶŃĔŀĭĔŅĶŏĮƚŅľĴŅĵŒĬĔŅĶĽņĶĺěőħĵĔŅĶŀƟŅĚŀŇĚěŅĔȮ 
ĔŅĶĽńĴĳŅļĦƢŏĝŇĚĸŉĔȮŐĸŃĔŅĶĮĶŃĝŋĴĔĸŋƞĴŏıŊŗŀĔņľĬħĽŅĕŅŏĮƚŅľĴŅĵĽņĶĺěėĺŅĴĨƟŀĚĔŅĶŒĝƟĮĶŃőĵĝĬƢ
ŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ őħĵĔĸŋƞĴįŌƟŏĝňŗĵĺĝŅĠĮĶŃĔŀĭħƟĺĵĬńĔĺŇěńĵȮĪńŘĚŒĬĳŅėĶńģȮŐĸŃ
ŏŀĔĝĬ ĪňŗŀĵŌƞŒĬŀŋĨĽŅľĔĶĶĴŏĮƚŅľĴŅĵȮĶĺĴĩŉĚĔŅĶĻŉĔļŅŏŀĔĽŅĶȮŏĝƞĬȮŐįĬıńĥĬŅŏĻĶļģĔŇěŐĸŃĽńĚėĴ
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ŐľƞĚĝŅĨŇĜĭńĭĪňŗȮ/1ȮŐįĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴŏĮƚŅľĴŅĵȮŐĬĺőĬƟĴĔŅĶıńĥĬŅŏĪėőĬőĸĵň
ĕŀĚőĸĔľĶŊŀĮĶŃŏĪĻįŌƟĬņŒĬŐĨƞĸŃŀŋĨĽŅľĔĶĶĴ 

2.2 ĽņĶĺěőŀĔŅĽĪŅĚĔŅĶĨĸŅħȮ&Markets & Demand) ĔŅĶŒĝƟěŋĸŇĬĪĶňĵƢȮĽŅĶĝňĺŏėĴňȮľĶŊŀȮĽŅĶĨńĺĔĸŅĚŒĬ
ŀŋĨĽŅľĔĶĶĴĔĸŅĚĬŘņŐĸŃĮĸŅĵĬŘņĕŀĚœĪĵĪńŘĚěŅĔĔŅĶĽńĴĳŅļĦƢŐĸŃŀƟŅĚŀŇĚěŅĔĶŅĵĚŅĬĺŇěńĵĪŅĚĔŅĶ
ĨĸŅħŐĸŃŐľĸƞĚĕƟŀĴŌĸĪŋĨŇĵĳŌĴŇȮŏĝƞĬȮŐįĬıńĥĬŅŏĻĶļģĔŇěŐĸŃĽńĚėĴŐľƞĚĝŅĨŇĜĭńĭĪňŗȮ13 ŐįĬĪňŗŏĔňŗĵĺĕƟŀĚ
ĔńĭĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴŏĮƚŅľĴŅĵȮ 

2.3 ĽņĶĺěĻńĔĵĳŅıĕŀĚĭĶŇļńĪœĪĵĪňŗěŃŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 
ŒĬĳŅėĔŅĶįĸŇĨħƟĺĵĔŅĶĽńĴĳŅļĦƢĳŅėŏŀĔĝĬŏĝŇĚĸŉĔĶĺĴȮ11 ŐľƞĚȮȮ 

ĽŅĕŅŀŋĨĽŅľĔĶĶĴ ĶŅĵĝŊŗŀĭĶŇļńĪ 
ŏĔļĨĶŐĸŃŀŅľŅĶ ĭĶŇļńĪȮŏěĶŇĠőĳėĳńĦĤƢŀŅľŅĶěņĔńħȮ&ĴľŅĝĬ) 

ĭĶŇļńĪȮŏĭĪŅőĔĶȮěņĔńħȮ&ĴľŅĝĬ'   
ĭĶŇļńĪȮœĪĵĵŌŏĬňŗĵĬȮĔĶŋƠĮȮěņĔńħȮ&ĴľŅĝĬ'Ȯ 
ĭĶŇļńĪȮŀŅĵŇőĬŃőĴŃőĨƠŃȮěņĔńħ 
ĭĶŇļńĪȮĵŌĬŇĲŅĶƢĽȮěņĔńħ 
MUU 
ĭĶŇļńĪȮœĭőŀĴȮěņĔńħȮ 

ĽŋĕĳŅıŐĸŃĔŅĶŐıĪĵƢ ĭĶŇļńĪȮŀŇĬőĬĭŇĔȮ&ŏŀŏĞňĵ'ȮěŜŅĔńħ 
ĺńĽħŋȮŐĸŃŏėĴňĝňĺĳŅı ĭĶŇļńĪȮĮŌĬĞňŏĴĬĨƢœĪĵȮěņĔńħȮ&ĴľŅĝĬ'ȮȮ 

ĭĶŇļńĪȮőĔĸĭŀĸĔĶňĬŏėĴŇėŀĸȮěņĔńħ (ĴľŅĝĬ' 
ıĸńĚĚŅĬ ĭĶŇļńĪȮĭňĭňěňœŀȮěņĔńħȮ&ĴľŅĝĬ' 

 

2.4 őħĵĔĸŋƞĴŏĮƚŅľĴŅĵȮœħƟŐĔƞȮĳŅėŏŀĔĝĬőħĵŏĜıŅŃįŌƟĮĶŃĔŀĭĔŅĶĕĬŅħŒľĠƞŐĸŃĕĬŅħĔĸŅĚ ŐĸŃȮstartups 
őħĵĕƟŀĴŌĸĮĶŃĔŀĭĔŅĶĺŇŏėĶŅŃľƢŀƟŅĚŀŇĚěŅĔĽĩŅĬĳŅıȮŏĮƚŅľĴŅĵȮĺŇĽńĵĪńĻĬƢĪŅĚīŋĶĔŇěȮĽŅĕŅŏĮƚŅľĴŅĵĪňŗ
ĨƟŀĚĔŅĶĨƞŀĵŀħĽŌƞŏĝŇĚīŋĶĔŇěȮŐĸŃėĺŅĴıĶƟŀĴŏĪėőĬőĸĵňȮŏĝƞĬȮėƞŅŒĝƟěƞŅĵŒĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅȮěņĬĺĬ
ĭŋėĸŅĔĶȮŏĮƦĬĨƟĬ 

2.5 ĶĺĭĶĺĴĕƟŀĴŌĸĮƤĠľŅȮŀŋĮĽĶĶėȮŐĸŃėĺŅĴĪƟŅĪŅĵĕŀĚĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ
ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬĳŅėĔŅĶįĸŇĨĕŀĚĳŅėŏŀĔĝĬħƟĺĵĔŅĶĽńĴĳŅļĦƢȮŐĸŃĔŅĶěńħĮĶŃĝŋĴȮfocus group  
 

3) ĔŅĶĻŉĔļŅŐĸŃĺŇŏėĶŅŃľƢėĺŅĴĽŅĴŅĶĩŒĬĔŅĶįĸŇĨĔņĸńĚėĬħƟŅĬŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢȮőħĵĴňĕńŘĬĨŀĬŒĬĔŅĶħņŏĬŇĬĚŅĬȮħńĚĬňŘȮ 

3.1 ĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸľĸńĔĽŌĨĶĔŅĶŏĶňĵĬĔŅĶĽŀĬŒĬĴľŅĺŇĪĵŅĸńĵ-ĽĩŅĭńĬĔŅĶĻŉĔļŅĪňŗŏĔňŗĵĺĔńĭȮsynthetic 
biology ěŅĔģŅĬĕƟŀĴŌĸĕŀĚĽņĬńĔĚŅĬĮĸńħĔĶŃĪĶĺĚĔŅĶŀŋħĴĻŉĔļŅȮĺŇĪĵŅĻŅĽĨĶƢȮĺŇěńĵȮŐĸŃĬĺńĨĔĶĶĴ 

3.2 ěńħĽƞĚŐĭĭĽŀĭĩŅĴœĮĵńĚĴľŅĺŇĪĵŅĸńĵĪňŗĴňĔŅĶŏĶňĵĬ-ĔŅĶĽŀĬĪňŗŏĔňŗĵĺĕƟŀĚȮ95 ėĦŃȮŏıŊŗŀĶĺĭĕƟŀĴŌĸ 
ĪňŗŏĔňŗĵĺĕƟŀĚĪńŘĚŒĬĽƞĺĬĕŀĚľĸńĔĔĽŌĨĶȮŐĸŃĮĶŇĴŅĦĔŅĶįĸŇĨĔņĸńĚėĬȮȮ 

3.3 ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶŐĭĭĽŀĭĩŅĴŒĬĴŇĨŇĨƞŅĚȮŕȮħńĚĬňŘȮȮ 
- įŌƟįĸŇĨȮœħƟŐĔƞȮĽĩŅĭńĬĔŅĶĻŉĔļŅľĶŊŀĽĩŅĭńĬĺŇěńĵĪňŗĴňĭĪĭŅĪŒĬĔŅĶįĸŇĨĔņĸńĚėĬȮ Ȯ  
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- ěņĬĺĬĔņĸńĚėĬŒĬĽĩŅĭńĬŀŋħĴĻŉĔļŅĪňŗįĸŇĨŐĸŃĳŅėŀŋĨĽŅľĔĶĶĴȮĶĺĴĩŉĚĪńĔļŃŐĸŃėĺŅĴŏĝňŗĵĺĝŅĠ
ĕŀĚĭŋėĸŅĔĶŒĬĮƤěěŋĭńĬȮ 

- ĪńĔļŃŐĸŃėĺŅĴŏĝňŗĵĺĝŅĠĕŀĚĭŋėĸŅĔĶĪňŗĨƟŀĚıńĥĬŅŏıŇŗĴŏĨŇĴŒĬŀĬŅėĨĪńŘĚŒĬĽƞĺĬĕŀĚ
ĽĩŅĭńĬĔŅĶĻŉĔļŅľĶŊŀŐĶĚĚŅĬŒĬĳŅėŀŋĨĽŅľĔĶĶĴȮȮ 

- ĪńĔļŃĔņĸńĚėĬĪňŗĨƟŀĚĔŅĶ 
 

4) ĔŅĶĻŉĔļŅŐĸŃĺŇŏėĶŅŃľƢėĺŅĴĽŅĴŅĶĩħƟŅĬŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮőħĵĴňĕńŘĬĨŀĬ
ŒĬĔŅĶħņŏĬŇĬĚŅĬȮħńĚĬňŘȮ 

4.1 ĽŊĭėƟĬįĸĚŅĬĨňıŇĴıƢħƟĺĵĔŅĶŒĝƟėņĽŊĭėƟĬȮŴsynthetic biologyŵȮěŅĔģŅĬĕƟŀĴŌĸȮScopusȮőħĵ
ėĶŀĭėĸŋĴĶŃĵŃŏĺĸŅĮĶŃĴŅĦȮ15 ĮƖȮȮȮ 

4.2 ĺŇŏėĶŅŃľƢėĺŅĴĽŅĴŅĶĩħƟŅĬŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮħƟĺĵĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸįƞŅĬȮ
algorithm ĨƞŅĚȮŕȮŏĝƞĬȮSciVal ŐĸŃȮBibliometrix ŏĮƦĬĨƟĬȮőħĵĨńĺŀĵƞŅĚĴŇĨŇĔŅĶĺŇŏėĶŅŃľƢȮœħƟŐĔƞȮȮ 
- ĪŇĻĪŅĚľĶŊŀŐĬĺőĬƟĴĽŅĕŅ/ĮĶŃŏħŖĬĔŅĶĺŇěńĵŒĬĶŃħńĭĬŅĬŅĝŅĨŇŐĸŃĮĶŃŏĪĻœĪĵ 
- ĬńĔĺŇěńĵĪňŗŏĮƦĬįŌƟŏĝňŗĵĺĝŅĠĶŃħńĭŐĬĺľĬƟŅŒĬĽŅĕŅħńĚĔĸƞŅĺĪńŘĚŒĬĶŃħńĭĬŅĬŅĝŅĨŇŐĸŃĮĶŃŏĪĻœĪĵȮȮ 
- ľĬƞĺĵĚŅĬ/ĽĩŅĭńĬĺŇěńĵĪňŗĴňįĸĚŅĬĨňıŇĴıƢĴŅĔĪňŗĽŋħŒĬȮ10  ŀńĬħńĭŐĶĔĕŀĚőĸĔ 
- ŏėĶŊŀĕƞŅĵėĺŅĴĶƞĺĴĴŊŀĔŅĶĪņĺŇěńĵĕŀĚĬńĔĺŇěńĵŐĸŃĽĩŅĭńĬĺŇěńĵľĸńĔĕŀĚőĸĔŐĸŃĮĶŃŏĪĻœĪĵȮ 

4.3 ěńħŏĽĺĬŅőħĵŏĝŇĠįŌƟŏĝňŗĵĺĝŅĠĨƞŅĚĮĶŃŏĪĻĪňŗĴňĮĶŃĽĭĔŅĶĦƢŒĬĔŅĶĺŇěńĵŐĸŃŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵň
ĪŅĚħƟŅĬȮqwlrfcrgaȮ`gmjmewȮŏıŊŗŀŒľƟĪĶŅĭĕƟŀĴŌĸėĺŅĴĔƟŅĺľĬƟŅŐĸŃĪŇĻĪŅĚĔŅĶıńĥĬŅŏĪėőĬőĸĵňĕŀĚ
ĨƞŅĚĮĶŃŏĪĻĽņľĶńĭŏĮƦĬģŅĬŒĬĔŅĶĺŇŏėĶŅŃľƢŏĮĶňĵĭŏĪňĵĭĶŃħńĭėĺŅĴıĶƟŀĴĪŅĚŏĪėőĬőĸĵňĕŀĚĮĶŃŏĪĻœĪĵ 

 
5) ĔŅĶĻŉĔļŅŐĸŃĺŇŏėĶŅŃľƢėĺŅĴĽŅĴŅĶĩħƟŅĬŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏıŊŗŀ 

ĔŅĶĨƞŀĵŀħĽŌƞŏĝŇĚıŅĦŇĝĵƢħƟĺĵĔŅĶĺŇŏėĶŅŃľƢěŅĔģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶȮőħĵĴňĕńŘĬĨŀĬŒĬĔŅĶħņŏĬŇĬĚŅĬȮħńĚĬňŘȮ 
5.1 ĔŅĶĔņľĬħĕŀĭŏĕĨĕŀĚőěĪĵƢľĶŊŀŏĮƚŅľĴŅĵĪňŗĨƟŀĚĔŅĶĽŊĭėƟĬĽŇĪīŇĭńĨĶȮ&Scope of Target) 
5.2 ĔŅĶĔņľĬħėņĽņėńĠĪňŗĽńĴıńĬīƢĔńĭŏĮƚŅľĴŅĵĪňŗĨƟŀĚĔŅĶĽŊĭėƟĬĽŇĪīŇĭńĨĶȮ&Specify Keywords) 
5.3 ĔŅĶĽŊĭėƟĬĕƟŀĴŌĸȮ&Patent search) ěŅĔģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶȮ&Patent database) ĵƟŀĬľĸńĚȮ 
ĮĶŃĴŅĦȮ10 ĮƖȮőħĵŒĝƟėņĽņėńĠĪňŗĔņľĬħěŅĔĕƟŀȮ5.2'ȮŒĬĔŅĶĽŊĭėƟĬȮĪńŘĚĬňŘȮģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶŏĸŊŀĔœħƟ
ěŅĔģŅĬĕƟŀĴŌĸȮħńĚĬňŘ 
- ĶŃħńĭőĸĔȮ:ȮŒĝƟģŅĬĕƟŀĴŌĸŏĝŇĚıŅĦŇĝĵƢȮ&Commercial Database) ŐĸŃ-ľĶŊŀȮFree Database 
- ĶŃħńĭĮĶŃŏĪĻȮ&œĪĵ'Ȯ:ȮŒĝƟģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĕŀĚĔĶĴĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅĮĶŃŏĪĻœĪĵȮ&DIP) 
ŐĸŃ-ľĶŊŀȮģŅĬĕƟŀĴŌĸŏĝŇĚıŅĦŇĝĵƢ 

5.4 ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪňŗĽŊĭėƟĬœħƟěŅĔĕƟŀȮ5.1 őħĵŐĽħĚįĸĺŇŏėĶŅŃľƢ (Display Analysis) őħĵĨńĺŀĵƞŅĚ
ĴŇĨŇĔŅĶĺŇŏėĶŅŃľƢěŅĔĕƟŀĴŌĸĽŇĪīŇĭńĨĶȮ&Patent Landscape) œħƟŐĔƞȮ 
- ŐĬĺőĬƟĴĔŅĶĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĶŅĵĮƖȮ&Patent publishing trends)  
- įŌƟĵŊŗĬėņĕŀĽŇĪīŇĭńĨĶȮ/.ȮŀńĬħńĭŐĶĔȮ&Top10 assignees) ĞŉŗĚĝňŘŒľƟŏľŖĬĩŉĚėŌƞŐĕƞĚȮ(Competitors) ŒĬħƟŅĬĬňŘ 
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- įŌƟĮĶŃħŇļģƢėņĕŀĽŇĪīŇĭńĨĶȮ/.ȮŀńĬħńĭŐĶĔȮ&Top10 Inventors) ĞŉŗĚĝňŘŒľƟŏľŖĬĩŉĚĬńĔĺŇěńĵȮ(Researchers) 
ĝńŘĬĬņĪňŗĝņĬŅĠľĶŊŀŏĝňŗĵĺĝŅĠŒĬħƟŅĬĬňŘ  

- ĮĶŃŏĪĻĪňŗŏĮƦĬŏĮƚŅľĴŅĵŒĬĔŅĶĵŊŗĬėņĕŀĶńĭĽŇĪīŇĭńĨĶȮ/.ȮŀńĬħńĭŐĶĔȮ&Top10 countries) ĞŉŗĚ
ĝňŘŒľƟŏľŖĬĩŉĚĨĸŅħ (Markets'ȮŒĬĔŅĶėŋƟĴėĶŀĚĽŇĪīŇėĺŅĴŏĮƦĬŏěƟŅĕŀĚŏıŊŗŀĔŅĶįŌĔĕŅħĪŅĚĔŅĶėƟŅȮ 
 

6) ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴıĶƟŀĴĕŀĚőėĶĚĽĶƟŅĚıŊŘĬģŅĬħƟŅĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ
ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĝŇĚŏĮĶňĵĭŏĪňĵĭĔńĭőĸĔ őħĵĴňĕńŘĬĨŀĬŒĬĔŅĶħņŏĬŇĬĚŅĬȮħńĚĬňŘȮ 

6.1 ĽņĶĺěőėĶĚĽĶƟŅĚıŊŘĬģŅĬĪňŗĶŀĚĶńĭĔŅĶĺŇěńĵŐĸŃıńĥĬŅŏĪėőĬőĸĵňőħĵėĶŀĭėĸŋĴĪńŘĚŒĬĽƞĺĬĕŀĚȮ
őėĶĚĽĶƟŅĚıŊŘĬģŅĬĔŅĶĺŇěńĵŐĸŃĔŅĶĺŇŏėĶŅŃľƢĪħĽŀĭĪňŗœħƟĴŅĨĶģŅĬȮ 

6.2 ĔŅĶěńħĮĶŃĝŋĴȮfocus groupȮŏıŊŗŀĺŇŏėĶŅŃľƢėĺŅĴıĶƟŀĴȮĶĺĴĩŉĚĮƤĠľŅŐĸŃŀŋĮĽĶĶėŒĬĔŅĶĭĶŇľŅĶȮ
ěńħĔŅĶŐĸŃŒĝƟĮĶŃőĵĝĬƢőėĶĚĽĶƟŅĚıŊŘĬģŅĬħƟŅĬĔŅĶĺŇěńĵŐĸŃĔŅĶĺŇŏėĶŅŃľƢĪħĽŀĭŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭ
ėĺŅĴĨƟŀĚĔŅĶŒĝƟĮĶŃőĵĝĬƢȮľĶŊŀĴŅĨĶģŅĬȮ 

 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ7) ĔŅĶĻŉĔļŅŐĸŃĺŇŏėĶŅŃľƢėĺŅĴıĶƟŀĴŒĬĔŅĶĔņĔńĭħŌŐĸįĸŇĨĳńĦĤƢĪňŗıńĥĬŅőħĵŒĝƟŏĪėőĬőĸĵň 
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ (Synthetic Biology; SynBio) ŏĝŇĚŏĮĶňĵĭŏĪňĵĭĔńĭőĸĔ őħĵĴňĕńŘĬĨŀĬŒĬĔŅĶ
ħņŏĬŇĬĚŅĬȮħńĚĬňŘ 

7.1ȮĶĺĭĶĺĴĕƟŀĴŌĸĔŅĶĔņĔńĭħŌŐĸįĸŇĨĳńĦĤƢĪňŗıńĥĬŅőħĵŒĝƟŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ
(Synthetic Biology; SynBio) ĕŀĚĮĶŃŏĪĻĨƞŅĚȮŕȮœħƟŐĔƞȮĽľĶńģŀŏĴĶŇĔŅȮ&USA' ĽľĳŅıĵŋőĶĮȮ&EU'  
ĠňŗĮŋƙĬȮ&Japan' ŐĸŃĽŇĚėőĮĶƢȮ&Singapore' ěŅĔĭĪėĺŅĴĺŇĝŅĔŅĶȮ&academic articles' ŐĸŃĔġĶŃŏĭňĵĭ
ĪňŗŏĔňŗĵĺĕƟŀĚȮŏĝƞĬȮŀĬŋĽńĠĠŅĺƞŅ ħƟĺĵėĺŅĴľĸŅĔľĸŅĵĪŅĚĝňĺĳŅıȮ&the Convention on Biological 
Diversity; CBD) ıŇīňĽŅĶĬŅőĚĵƞŅȮ&Nagoya Protocol' ŏĮƦĬĨƟĬ 

7.2 ĮĶŃĴĺĸįĸĪńŘĚěŅĔŐľĸƞĚĕƟŀĴŌĸĪŋĨŇĵĳŌĴŇȮŐĸŃĔŅĶěńħĮĶŃĝŋĴȮfocus groupȮŏıŊŗŀěńħĪņĭĪĺŇŏėĶŅŃľƢ
ĝƞŀĚĺƞŅĚŐĸŃėĺŅĴıĶƟŀĴŒĬĔŅĶĔņĔńĭħŌŐĸįĸŇĨĳńĦĤƢĪňŗıńĥĬŅőħĵŒĝƟŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻœĪĵŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶħņŏĬŇĬĚŅĬŒĬĨƞŅĚĮĶŃŏĪĻ 

 
ȮȮ 8) ěńħĪņŐįĬĪňŗĬņĪŅĚĔŅĶıńĥĬŅŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻœĪĵŏĭŊŘŀĚĨƟĬȮőħĵĴňĕńŘĬĨŀĬ 
ŒĬĔŅĶħņŏĬŇĬĚŅĬȮħńĚĬňŘ 

8.1 ěńħĪņĶƞŅĚŐįĬĪňŗĬņĪŅĚĔŅĶĺŇěńĵŐĸŃıńĥĬŅŐĸŃŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻœĪĵ
ħƟĺĵĔŅĶŀƟŅĚŀŇĚĕƟŀĴŌĸěŅĔĕƟŀȮ2 - 7 

8.2 ěńħĮĶŃĝŋĴĶńĭĲƤĚĕƟŀėŇħŏľŖĬĨƞŀŐįĬĪňŗĬņĪŅĚŏıŊŗŀıŇěŅĶĦŅėĺŅĴŏľĴŅŃĽĴőħĵĔĸŋƞĴŏĮƚŅľĴŅĵȮĮĶŃĔŀĭħƟĺĵȮ
ĬńĔĺŇĝŅĔŅĶȮĳŅėŏŀĔĝĬȮľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸȮŐĸŃȮľĬƞĺĵĚŅĬħƟŅĬĬőĵĭŅĵŏĴŊŗŀĺńĬĪňŗȮ7 ĴŇĩŋĬŅĵĬȮ2567 

8.3 ĮĶńĭĮĶŋĚŐįĬĪňŗĬņĪŅĚłȮŏĭŊŘŀĚĨƟĬőħĵŐįĬĪňŗĬņĪŅĚŏĮƦĬĔŅĶĶŃĭŋĪŇĻĪŅĚȮŐĸŃĽŇŗĚĪňŗėĺĶŏĶƞĚħņŏĬŇĬĔŅĶȮŒĬĶŃĵŃĨƞŅĚȮŕ 
 

 9)ȮěńħĪņĶŅĵĚŅĬĽĶŋĮĕƟŀĴŌĸ/ėĺŅĴėŇħŏľŖĬŏıŊŗŀĮĶŃĔŀĭĔŅĶıńĥĬŅŐĬĺĪŅĚĔŅĶıńĥĬŅŏĪėőĬőĸĵň 
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪňŗŏľĴŅŃĽĴĽņľĶńĭĮĶŃŏĪĻœĪĵŒĬĶŃĵŃĩńħœĮȮȮ  
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2. ĽĩŅĬĳŅıėĺŅĴıĶƟŀĴĕŀĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&synthetic 
biology) ĕŀĚœĪĵ 

 
 ĔŅĶĻŉĔļŅĬňŘȮŏĮƦĬĔŅĶĶĺĭĶĺĴĽĩŅĬĳŅıĔŅĶĺŇěńĵȮıńĥĬŅŐĸŃėĺŅĴıĶƟŀĴĕŀĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ
ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&synthetic biology)  ĕŀĚĮĶŃŏĪĻœĪĵŏıŊŗŀĬņĴŅŏĮĶňĵĭŏĪňĵĭĔńĭĶŃħńĭĬŅĬŅĝŅĨŇȮŒĬĴŇĨŇįĸįĸŇĨ
ĚŅĬĺŇěńĵŐĸŃŏĪėőĬőĸĵňȮĔņĸńĚėĬȮőėĶĚĽĶƟŅĚıŊŘĬģŅĬħƟŅĬȮĺĪĬ,ȮĶĺĴĩŉĚĔĸœĔĔņĔńĭħŌŐĸħƟŅĬĔġľĴŅĵȮĔġĶŃŏĭňĵĭĪňŗ
ŏĔňŗĵĺĕƟŀĚ 

2.1 ĬŇĵŅĴȮĕŀĭŏĕĨĕŀĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&synthetic biology)ȮĪňŗĽŀħėĸƟŀĚ
ĔńĭĭĶŇĭĪĕŀĚĮĶŃŏĪĻœĪĵ 

ĔŅĶĔņľĬħĬŇĵŅĴŐĸŃĕŀĭŏĕĨĕŀĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮŏĮƦĬĔŅĶıńĥĬŅ 
ĨƞŀĵŀħěŅĔĔĶŀĭĬŇĵŅĴĕŀĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬŏŀĔĽŅĶȮSynthetic Biology in Australia an outlook to 0.1.3Ȯ 
ėĦŃįŌƟĺŇěńĵŒĝƟĔĸœĔĮĶŃĝŋĴŏıŊŗŀĕŀėĺŅĴŏľŖĬěŅĔėĦŃįŌƟĪĶĚėŋĦĺŋĥŇŏĜıŅŃĪŅĚ őħĵœħƟěńħĮĶŃĝŋĴėĦŃįŌƟĪĶĚėŋĦĺŋĥŇ 
ŏĴŊŗŀĺńĬĪňŗȮ11ȮĽŇĚľŅėĴȮ2566ȮĞŉŗĚĪňŗĮĶŃĝŋĴĴňĕƟŀĽĶŋĮĶƞĺĴĔńĬĺƞŅȮsynthetic biology ŏĮƦĬĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚȮ 
ŴLcuȮrmȮl_rspcȮ`gmjmewŵȮőħĵŒĝƟȮŴcleglccpgleȮ_nnpm_afŵȮĴňĔŅĶŒĝƟŀĚėƢėĺŅĴĶŌƟŐĸŃőėĶĚĽĶƟŅĚıŊŘĬģŅĬĭŅĚĮĶŃŏĳĪ
ėĸƟŅĵıńĬīŋĺŇĻĺĔĶĶĴŐĸŃŏĪėőĬőĸĵňĝňĺĳŅıȮȮŐĨƞĵĔĶŃħńĭěŅĔĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚĪňĸŃĝŇŘĬĽƞĺĬȮ&individual part) ŏĮƦĬ
ĔŅĶŀŀĔŐĭĭĶŃĭĭĕŀĚĝŇŘĬĽƞĺĬĪňŗĪņĚŅĬĶƞĺĴĔńĬȮĪńŘĚĬňŘĝňĺĺŇĪĵŅĶŃĭĭȮ&systems biology) ŏĮƦĬĽƞĺĬĽņėńĠŒĬĔŅĶĽĶƟŅĚ 
ŀĚėƢėĺŅĴĶŌƟȮreference map/network ĽņľĶńĭĬņœĮŒĝƟŒĬĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚĽŇŗĚĴňĝňĺŇĨŒľƟĴňėŋĦĽĴĭńĨŇĨŅĴĪňŗŀŀĔŐĭĭȮ
ĪńŘĚĬňŘȮėĦŃįŌƟĪĶĚėŋĦĺŋĥŇœħƟĕƟŀĽĶŋĮėņěņĔńħėĺŅĴȮŐĸŃŏľŖĬĝŀĭŒľƟĮĶńĭĶƞŅĚĬŇĵŅĴĕŀĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&synthetic 
biology) ŏĮƦĬħńĚĬňŘȮ 

ŴQwlrfcrgaȮ`gmjmewȮgqȮrfcȮgllmt_rgtcȮbgqagnjglcȮmdȮbcqgelgleȮ_lbȮamlqrpsargleȮlcu-to-
nature biological components and systems by harnessing engineering principles. Central to  
this are methodologies like the Design-Build-Test-Learn cycle, programmable bio-circuits, and 
the development of artificial biological systems. As we shape and redefine the boundaries of 
biological design, the implications extend from groundbreaking research to societal 
transformation." 

ŴĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĮƦĬĻŅĽĨĶƢĽņľĶńĭĔŅĶĽĶƟŅĚĬĺńĨĔĶĶĴĞŉŗĚŏĮƦĬĔŅĶįĬĺĔŀĚėƢėĺŅĴĶŌƟŏĝŇĚĸŉĔĪŅĚĝňĺĺŇĪĵŅȮ
ŏĝƞĬȮĝňĺĺŇĪĵŅŏĝŇĚĶŃĭĭȮĶŃĭĭĔĸœĔĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬȮĔŅĶĨńħ-ĨƞŀĵňĬŀĵƞŅĚěņŏıŅŃĪńŘĚĕĬŅħŐĸŃėŋĦĽĴĭńĨŇ 
ĔŅĶĪņĚŅĬĕŀĚĵňĬĬńŘĬȮŕȮŐĸŃȮėĺŅĴĶŌƟŏĔňŗĵĺĔńĭėŋĦĽĴĭńĨŇ-ĔŅĶĪņĚŅĬĕŀĚĝŇŘĬĽƞĺĬĕŀĚĵňĬľĶŊŀĺĚěĶĕŀĚĵňĬĪňŗĽĶƟŅĚĕŉŘĬȮ
&qwlrfcrgaȮeclcrgaȮn_prq-agpasgrq'ȮŐĸŃŐĬĺėŇħħƟŅĬĺŇĻĺĔĶĶĴĻŅĽĨĶƢĞŉŗĚŏĮƦĬŐĬĺėĺŅĴėŇħĽņľĶńĭĔŅĶŀŀĔŐĭĭŐĸŃ
ıńĥĬŅĔĶŃĭĺĬĔŅĶȮŏėĶŊŗŀĚĴŊŀȮľĶŊŀįĸŇĨĳńĦĤƢȮĪňŗĽŅĴŅĶĩėĺĭėŋĴŒľƟœħƟįĸĸńıīƢĨŅĴėĺŅĴĨƟŀĚĔŅĶȮőħĵŐĬĺėĺŅĴėŇħ 
ĪňŗĬŇĵĴėŊŀȮĺĚěĶȮŴbcqgel+̀sgjb+rcqr+jc_plŵȮ&B@RJ'ȮawajcȮŏıŊŗŀŀŀĔŐĭĭŐĸŃıńĥĬŅĽŇŗĚŒľĴƞĪňŗĵńĚœĴƞŏėĵĮĶŅĔĢ 

 
3 Gray, P. et al (0./6'ȮSynthetic Biology in Australia an outlook to 0.1., Australian Council of Learned Academies (ACOLA): 123 
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ŒĬīĶĶĴĝŅĨŇȮ&lcuȮrmȮl_rspc'ȮĪńŘĚŏĮƦĬĔŅĶĔƟŅĺĕƟŅĴĔŅĶŀŀĔŐĭĭĪŅĚĝňĺĺŇĪĵŅĪňŗĽŅĴŅĶĩĬņĚŅĬĺŇěńĵŒĝƟĕńĭŏėĸŊŗŀĬŒľƟŏĔŇħ
ĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĽńĚėĴŵ 

ĪńŘĚĬňŘȮėĦŃįŌƟĻŉĔļŅěŉĚœħƟœħƟěńħĪņĬŇĵŅĴĽņľĶńĭĔŅĶĽŊŗŀĽŅĶĔńĭľĬƞĺĵĚŅĬĳŅĵĬŀĔŒľƟĴňėĺŅĴĔĶŃĝńĭĕŉŘĬőħĵĵńĚėĚ
ėĺŅĴľĴŅĵŏĝƞĬŏħŇĴȮŏĮƦĬħńĚĬňŘȮ 

ŴBcqgelgleȮ_lbȮapc_rgleȮlcu+rm+l_rspcȮ`gmjmega_jȮamknmlclrqȮmpȮqwqrckqȮsqgleȮ_Ȯqwqrck_rgaȮ
mpȮcleglccpgleȮ_nnpm_af,ȮRfgqȮglajsbcq*Ȯ`srȮgqȮlmrȮjgkgrcbȮrm*ȮrfcȮsqcȮmdȮrfcȮBcqgel+@sgjb+Rcqr+Jc_plȮ
awajc*Ȯnpmep_kk_`jcȮ`gmjmega_jȮagpasgrq*ȮmpȮ_prgƱag_jȮacjjq,ŵ 

ŴĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚŀĚėƢĮĶŃĔŀĭŐĸŃ-ľĶŊŀĶŃĭĭĪŅĚĝňĺĳŅıȮĪňŗœĴƞŏėĵĮĶŅĔĢŒĬīĶĶĴĝŅĨŇħƟĺĵĔŅĶŒĝƟ
ĶŃĭĭľĶŊŀĔĶŃĭĺĬĔŅĶĪŅĚĺŇĻĺĔĶĶĴȮȮĞŉŗĚœĴƞěņĔńħŏıňĵĚĔŅĶŒĝƟĺĚěĶȮŴBcqgel+@sgjb+Rcqr+Jc_plŵȮŏıŊŗŀőĮĶŐĔĶĴ 
ĔŅĶĪņĚŅĬĕŀĚĺĚěĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĽŇŗĚĴňĝňĺŇĨȮľĶŊŀȮĔŅĶĽĶƟŅĚŏĞĸĸƢĽńĚŏėĶŅŃľƢŵ 

0,2 ėĺŅĴĔŅĺľĬŅĪŅĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľĕŀĚőĸĔ 

ĔŅĶĻŉĔļŅėĺŅĴĔƟŅĺľĬƟŅĪŅĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľĕŀĚőĸĔħņŏĬŇĬĔŅĶőħĵĔŅĶĽŊĭėƟĬȮ
ĶĺĭĶĺĴȮĮĶŃĴĺĸȮŐĸŃĺŇŏėĶŅŃľƢŏŀĔĽŅĶĭĪėĺŅĴĺŇĝŅĔŅĶěŅĔģŅĬĕƟŀĴŌĸȮQamnsqȮőħĵŏĶŇŗĴěŅĔĔŅĶėńħŏĸŊŀĔėņĽņėńĠȮ
&icwumpbq'ȮĪňŗŏľĴŅŃĽĴĽņľĶńĭŒĝƟĽŊĭėƟĬŒĬģŅĬĕƟŀĴŌĸŏıŊŗŀŒľƟœħƟŏŀĔĽŅĶĭĪėĺŅĴĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ
&qwlrfcrgaȮ`gmjmew'ȮĴŅĔĪňŗĽŋħŏĪƞŅĪňŗŏĮƦĬœĮœħƟĞŉŗĚěŃĬņœĮĽŌƞĔŅĶĮĶŃĴĺĸŐĸŃĺŇŏėĶŅŃľƢĽĩŅĬĳŅıĔŅĶĺŇěńĵŐĸŃıńĥĬŅ
ŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľȮŐĸŃĪŇĻĪŅĚĔŅĶĪņĺŇěńĵŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮœħƟŀĵƞŅĚŐĴƞĬĵņĨƞŀœĮȮ 

ĔŅĶĽŊĭėƟĬħƟĺĵĔŅĶŒĝƟėņĽņėńĠȮ&icwumpbq'ȮŴqwlrfcrgaȮ`gmjmewŵȮŒĬĔŅĶĽŊĭėƟĬěŅĔȮ_srfmpȮicwumpbqȮ
ĕŀĚŏŀĔĽŅĶŒĬģŅĬĕƟŀĴŌĸĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ/7/1Ȯ+ȮŏħŊŀĬĔĶĔġŅėĴȮė,Ļ,Ȯ0.01Ȯ&ĽŊĭėƟĬĪńŘĚģŅĬĕƟŀĴŌĸ'ȮıĭŏŀĔĽŅĶěņĬĺĬȮ
/5*377ȮŏĶŊŗŀĚȮŐĸƟĺĬņȮ_srfmpȮicwumpbqȮěŅĔŏŀĔĽŅĶĪńŘĚľĴħĴŅŏĶňĵĚĸņħńĭĨŅĴėĺŅĴĩňŗĕŀĚĔŅĶıĭėņĽņėńĠĬńŘĬȮŕȮ
ěŅĔĴŅĔœĮľŅĬƟŀĵȮĪńŘĚĬňŘŏĭŊŘŀĚĨƟĬȮ_srfmpȮicwumpbqȮĪňŗĽŅĴŅĶĩŏĮƦĬĨńĺŐĪĬĪňŗħňĴňěņĬĺĬȮ/0.ȮėņȮėŇħŏĮƦĬĶƟŀĵĸŃȮ4.Ȯ
ĕŀĚėĺŅĴĩňŗĪńŘĚľĴħĕŀĚȮ_srfmpȮicwumpbqȮőħĵŐĭƞĚĔĸŋƞĴȮicwumpbqȮĨŅĴėĺŅĴĽņėńĠħńĚĬňŘ 

ĔĸŋƞĴȮicwumpbqȮ&ėņĽņėńĠ' IcwumpbqȮ&ėņĽņėńĠ' 
/, ĔĸŋƞĴėņĽņėńĠľĸńĔȮĴňėĺŅĴľĴŅĵ
ěņŏıŅŃĨƞŀȮqwlrfcrgaȮ`gmjmewȮ
ěņĬĺĬȮ4/Ȯėņ 

QwlrfcrgaȮ`gmjmew*ȮKcr_`mjgaȮcleglccpgle*ȮQwqrckqȮ`gmjmew*Ȯ
NpmrcglȮcleglccpgle*Ȯ@gmrcaflmjmew*Ȯ@gmqwlrfcqgq*ȮEclcrgaȮ
cleglccpgle*ȮEclmkcȮcbgrgle*ȮBgpcarcbȮctmjsrgml*ȮAPGQNP*Ȯ
EclmkcȮcleglccpgle*ȮBL?Ȯ_qqck`jw*ȮMnrmeclcrgaq*ȮAcjj+dpccȮ
npmrcglȮqwlrfcqgq*Ȯ@gmcleglccpgle*ȮOsmpskȮqclqgle*ȮEclcrgaȮ
agpasgrq*ȮFcrcpmjmemsqȮcvnpcqqgml*ȮQcjd+_qqck`jw*ȮEclcȮ
pcesj_rgml*ȮAPGQNP-A_q7*ȮK_afglcȮjc_plgle*ȮPg`mqugraf*Ȯ
Eclmkgaq*Ȯ?prgƱag_jȮacjjq*ȮNpmkmrcp*ȮEclcrgaȮagpasgr*ȮEclcȮ
cbgrgle*ȮEclcrgaȮambcȮcvn_lqgml*Ȯ@gmgldmpk_rgaq*ȮRp_lqapgnrgmlȮ
d_armp*ȮAcjj+dpccȮqwlrfcrgaȮ`gmjmew*ȮEclcȮagpasgrq*ȮKgapm`g_jȮacjjȮ
d_armpw*ȮNpmrcglȮbcqgel*ȮAPGQNP+A_q7*ȮEclcȮrfcp_nw*ȮN_rfu_wȮ
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ĔĸŋƞĴȮicwumpbqȮ&ėņĽņėńĠ' IcwumpbqȮ&ėņĽņėńĠ' 
cleglccpgle*ȮKmjcasj_pȮ`gmjmew*ȮKcr_`mjmkgaq*ȮClxwkcȮ
cleglccpgle*ȮQwlrfcrgaȮacjjq*ȮKgapm`g_jȮacjjȮd_armpgcq*ȮEclcȮ
pcesj_rmpwȮlcrumpiq*ȮAcjjȮd_armpw*ȮKmjcasj_pȮamkkslga_rgml*Ȯ
@mrrmk+snȮqwlrfcrgaȮ`gmjmew*Ȯ@gmk_lsd_arspgle*ȮFgef+
rfpmsefnsrȮqapcclgle*Ȯ?prgƱag_jȮjgdc*ȮEclmkcȮkglgle*ȮBL?Ȯ
l_lmrcaflmjmew*ȮK_rfck_rga_jȮkmbcjgle*Ȯ@gmq_dcrw*ȮP_rgml_jȮ
bcqgel*Ȯ@gmqwlrfcrgaȮn_rfu_w*ȮAmknsr_rgml_jȮ@gmjmew*Ȯ
Rp_lqapgnrgml_jȮpcesj_rgml*ȮBL?Ȯqwlrfcqgq*ȮgECK*ȮNpmkmrcpȮ
cleglccpgle 

0, ĔĸŋƞĴėņĽņėńĠľĸńĔȮĴňėĺŅĴľĴŅĵ
ĔĺƟŅĚȮœĴƞěņŏıŅŃĨƞŀȮqwlrfcrgaȮ
`gmjmewȮěņĬĺĬȮ7Ȯėņ 

Q_aaf_pmkwacqȮacpctgqg_c*ȮEclcȮcvnpcqqgml*ȮBL?*ȮPL?*ȮNpmrcglȮ
cvnpcqqgml*ȮAmpwlc`_arcpgskȮejsr_kgask*Ȯ?prgƱag_jȮ
glrcjjgeclac*ȮRp_lqapgnrgml*ȮFmkmjmemsqȮpcamk`gl_rgml 

1, ĔĸŋƞĴėņĽņėńĠĶŀĚĸņħńĭĪňŗȮ/Ȯ
ěņĬĺĬȮ0.Ȯėņ 

@gmqclqmp*Ȯ@gma_r_jwqgq*Ȯ@gmqclqmpq*ȮQcamlb_pwȮKcr_`mjgrcq*Ȯ
@gmpckcbg_rgml*ȮGkkslmrfcp_nw*ȮGlbsqrpg_jȮ`gmrcaflmjmew*Ȯ
@gmk_rcpg_jq*Ȯ?srmk_rgml*ȮKgapm`gmkc*Ȯ@gmqcaspgrw*Ȯ?nr_kcp*Ȯ
Pcesj_rgml*ȮKmbcjgle*ȮBpseȮbcjgtcpw*ȮClxwkcq*ȮQsqr_gl_`gjgrw*Ȯ
BpseȮbgqamtcpw*ȮKgapm`g_jȮamlqmprg_*ȮCleglccpgle* 

2, ĔĸŋƞĴėņĽņėńĠĶŀĚĸņħńĭĪňŗȮ0Ȯ
ěņĬĺĬȮ1.Ȯėņ 

Cqafcpgafg_Ȯamjg*ȮWc_qr*ȮAw_lm`_arcpg_*ȮL_rsp_jȮnpmbsarq*Ȯ
@gmdscjq*ȮKgapmƲsgbgaq*Ȯ@gmdscj*ȮCtmjsrgml*Ȯ@_arcpg_*Ȯ@_agjjsqȮ
qs`rgjgq*ȮW_ppmug_Ȯjgnmjwrga_*ȮNfmrmqwlrfcqgq*ȮDcpkclr_rgml*Ȯ
Kgapm_je_c*ȮL_lmrcaflmjmew*ȮQrpcnrmkwacq*ȮCrfgaq*Ȯ
Kcr_`mjgqk*ȮA_lacp*ȮC,Ȯamjg*ȮPm`sqrlcqq*ȮRp_lqj_rgml*ȮNgafg_Ȯ
n_qrmpgq*ȮNqcsbmkml_qȮnsrgb_*ȮNmjwfwbpmvw_ji_lm_rcq*Ȯ
Jgnmqmkcq*ȮNF@*ȮRcpnclmgbq*ȮQr_lb_pbq*ȮDj_tmlmgbq 

 

įŌƟĪĶĚėŋĦĺŋĥŇıŇěŅĶĦŅŏľŖĬĝŀĭŒľƟŒĝƟȮŐĸŃŏĽĬŀȮicwumpbqȮ&ėņĽņėńĠ'ȮŒĬĔĸŋƞĴėņĽņėńĠľĸńĔȮĴňėĺŅĴľĴŅĵ
ěņŏıŅŃĨƞŀȮqwlrfcrgaȮ`gmjmewȮěņĬĺĬȮ5.ȮėņȮ&ĔĸŋƞĴĪňŗȮ/ȮŐĸŃȮ0'ȮȮŐĸŃŏıŇŗĴŏĨŇĴěņĬĺĬȮ/.ȮėņȮħńĚĬňŘȮ 

+ Npmep_kk_`jc*ȮKmbsj_p*ȮMprfmeml_j*ȮPcjg_`jc*ȮPcambgle*ȮSll_rsp_jȮ_kglmȮ_agb*ȮTgpsqȮjgicȮ
n_prgajc*ȮPcqsppcargmlȮ`gmjmew*ȮKgapm`gmkcȮCleglccpgle*ȮLcrumpiȮ`gmjmew 
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0,0,/ ĪħĽŀĭȮoscpwȮŏıŊŗŀŒľƟœħƟĕƟŀĴŌĸĪňŗŏĮƦĬĨńĺŐĪĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮ
qwlrfcrgaȮ`gmjmewȮ 

ĔŅĶĪħĽŀĭȮoscpwȮŏıŊŗŀŒľƟœħƟĕƟŀĴŌĸĪňŗŏĮƦĬĨńĺŐĪĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ
`gmjmewȮĪňŗŏľĴŅŃĽĴĪňŗĽŋħĽņľĶńĭĔŅĶĽŊĭėƟĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ 
ėĦŃįŌƟĻŉĔļŅĪņĔŅĶĪħĽŀĭŒĬģŅĬĕƟŀĴŌĸȮQagt_jȮŏıŊŗŀŒľƟĚƞŅĵĨƞŀĔŅĶŏĮĶňĵĭŏĪňĵĭĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢŒĬĕńŘĬĨƞŀœĮȮ 
őħĵŐĭƞĚȮoscpwȮŀŀĔŏĮƦĬȮ2ȮĝŋħħńĚĬňŘ 

/' Qwl@gm/ȮŒĝƟȮicwumpbqȮěŅĔįŌƟĪĶĚėŋĦĺŋĥŇŐĸŃĔņľĬħŒľƟŏĝŊŗŀĴőĵĚĔńĭȮŴqwlrfcrgaȮ`gmjmewŵȮŏĮƦĬȮ
ŴqwlrfcrgaȮ`gmjmewŵȮ_lbȮ&Ŵicwumpb/ŵȮmpȮŴicwumpb0ŵȮmpȮźź'ȮĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ/774Ȯ+ȮĮƤěěŋĭńĬȮıĭĭĪėĺŅĴ
ĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇěņĬĺĬȮ7*225ȮŏĶŊŗŀĚȮ 

0' Qwl@gm0ȮŒĝƟȮicwumpbqȮěŅĔĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇȮĮƖȮė,Ļ,Ȯ0.014ȮĪňŗĪħĽŀĭľŅĭĪėĺŅĴ 
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮŒĬģŅĬĕƟŀĴŌĸȮUc`ȮmdȮQagclacȮħƟĺĵȮ?GȮĞŉŗĚŏĴŊŗŀŒĝƟȮicwumpbqȮħńĚĔĸƞŅĺĽŊĭėƟĬ 
ŒĬģŅĬĕƟŀĴŌĸȮQagt_jȮıĭĺƞŅĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./6Ȯ+ȮĮƤěěŋĭńĬȮıĭĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇěņĬĺĬȮ/.*/.6ȮŏĶŊŗŀĚȮ 

1' Qwl@gm1ȮŒĝƟȮŴqwlrfcrgaȮ`gmjmewŵȮ_lbȮŴcleglccpgleȮ`gmjmewŵȮıĭĺƞŅĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ
ĮƤěěŋĭńĬȮıĭĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇěņĬĺĬȮ/.*0.6ȮŏĶŊŗŀĚȮ 

2' Qwl@gmȮAmȮ0+4ȮőħĵĬņĭĪėĺŅĴĪňŗĽŊĭėƟĬŒĬĮƖȮė,Ļ,Ȯ0.00Ȯ&ŏĬŊŗŀĚěŅĔŏĮƦĬĮƖĸƞŅĽŋħĪňŗĭĪėĺŅĴĺŇĝŅĔŅĶ
ĬŅĬŅĝŅĨŇŒĬģŅĬĕƟŀĴŌĸȮQamnsqȮĽĴĭŌĶĦƢŐĸƟĺ'ȮħƟĺĵȮicwumpbqȮ6.ȮėņȮĪňŗįŌƟĪĶĚėŋĦĺŋĥŇŒľƟėĺŅĴŏľŖĬĝŀĭȮıĭĭĪėĺŅĴ
ĺŇĝŅĔŅĶĬŅĝŅĨŇěņĬĺĬĶŅĺȮ15*/4.ȮŏĶŊŗŀĚȮěŉĚĪħĽŀĭľŅĭĪėĺŅĴĪňŗȮicwumpbqȮĞŘņĔńĬȮ0ȮėņĕŉŘĬœĮıĭȮ/*371ȮŏĶŊŗŀĚȮŐĸŃ
ĬņĕƟŀĴŌĸœĮĵńĚģŅĬĕƟŀĴŌĸȮQagt_jȮŏıŊŗŀĺŇŏėĶŅŃľƢĨƞŀœĮȮ 
ěŅĔĔŅĶŏĮĶňĵĭŏĪňĵĭĝŋħĕƟŀĴŌĸěŅĔȮoscpwȮĪńŘĚȮ2ȮĝŋħĕƟŅĚĨƟĬħƟĺĵȮkcrpgaȮŒĬģŅĬĕƟŀĴŌĸȮQagt_jȮĪňŗŐĽħĚȮ

Icwnfp_qcqȮĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĕŀĚĭĪėĺŅĴěŅĔĝŊŗŀŏĶŊŗŀĚȮĭĪėńħĵƞŀȮŐĸŃȮ_srfmpȮicwumpbqȮħƟĺĵŏĪėĬŇėȮ
rcvrȮkglgleȮŐĸŃȮl_rsp_jȮj_les_ecȮŏıŊŗŀĪħĽŀĭŒľƟŐĬƞŒěĺƞŅĕƟŀĴŌĸĪňŗěŃĬņĴŅĺŇŏėĶŅŃľƢŏĮƦĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇ
ĴňėĺŅĴŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĴŅĔĪňŗĽŋħȮőħĵĽŅĴŅĶĩŐĽħĚĽńħĽƞĺĬŏĮŀĶƢŏĞŖĬĨƢĕŀĚĭĪėĺŅĴĺŇĝŅĔŅĶ
ĬŅĬŅĝŅĨŇĪňŗěńħȮIcwȮnfp_qcqȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮŒĬŐĨƞĸŃĝŋħĕŀĚȮoscpwȮħńĚŐĽħĚĨŅĴĶŌĮĪňŗȮ0+/ 

 

 
4 Meier, F. et al., Navigating the Frontier of Synthetic Biology: An AI-Driven Analytics Platform for Exploring Research 
Trends and Relationships. ACS Synth. Biol. 0.01, /0, //, 1007ů102/ 
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ĶŌĮĪňŗȮ0+/8ȮŐĽħĚĽńħĽƞĺĬŏĮŀĶƢŏĞŖĬĨƢĕŀĚĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗěńħȮIcwnfp_qcqȮ 

ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮŒĬŐĨƞĸŃĝŋħĕŀĚȮoscpw 
 

ıĭĺƞŅĝŋħĕƟŀĴŌĸȮQwl@gm/ȮĴňĽńħĽƞĺĬŏĮŀĶƢŏĞŖĬĨƢĕŀĚĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ
`gmjmewȮĴŅĔĪňŗĽŋħȮ7.,67#ȮĶŀĚĸĚĴŅœħƟȮQwl@gm1ȮěņĬĺĬȮ66,60#ȮQwl@gmȮ0ȮěņĬĺĬȮ45,77#ȮŒĬĕĦŃĪňŗȮQwl@gmȮ
Am0+4ȮĴňŏıňĵĚȮ/5,.5#ȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅįŌƟŐĨƞĚȮ/..ȮŀńĬħńĭŐĶĔĪňŗĴňĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĴŅĔĪňŗĽŋħĕŀĚȮQwl@gm/Ȯ
ŏĮĶňĵĭŏĪňĵĭĔńĭĝŋħĕƟŀĴŌĸŀňĔȮ1ȮĝŋħĪňŗŏľĸŊŀȮıĭĺƞŅȮQwl@gm0ȮŐĸŃȮQwl@gmȮ1ȮĴňĶŅĵĝŊŗŀįŌƟŐĨƞĚĪňŗĴňĭĪėĺŅĴĺŇĝŅĔŅĶ
ĬŅĬŅĝŅĨŇĴŅĔŏĮƦĬȮ/..ȮŀńĬħńĭŐĶĔĨĶĚĔńĬĩŉĚȮ/..#ȮȮŒĬĕĦŃĪňŗȮQwl@gmȮAm0+4ȮĴňĶŅĵĝŊŗŀįŌƟŐĨƞĚȮ/..ȮŀńĬħńĭŐĶĔ 
ĨĶĚĔńĭȮQwl@gm/ȮŏıňĵĚȮ17Ȯ#ȮħńĚŐĽħĚĨŅĴĶŌĮĪňŗȮ0+0 

 

 
ĶŌĮĪňŗȮ0+08ȮŐĽħĚĽńħĽƞĺĬŏĮŀĶƢŏĞŖĬĨƢĕŀĚįŌƟŐĨƞĚĪňŗĴňěņĬĺĬĭĪėĺŅĴĴŅĔŏĮƦĬȮ/..ȮŀńĬħńĭŐĶĔȮ 

ĪňŗĨĶĚĔńĭȮQwl@gm/ 

флΦуф

стΦфф

ууΦун

мтΦлт

҈tǳōƭƛŎŀǝƻƴ ǎƘŀǊŜ ƻŦ
{ȅƴǘƘŜǝŎ .ƛƻƭƻƎȅYŜȅǇƘŀǊǎŜǎ

{ȅƴ.ƛƻмψ{ȅƴ.ƛƻ tǳōƭƛŎŀǝƻƴ ǎƘŀǊŜ ό҈ύ {ȅƴ.ƛƻнψ{ȅƴ.ƛƻ tǳōƭƛŎŀǝƻƴ ǎƘŀǊŜ ό҈ύ

{ȅƴ.ƛƻоψ{ȅƴ.ƛƻ tǳōƭƛŎŀǝƻƴ ǎƘŀǊŜ ό҈ύ {¸b.Lh /ƻнπсψ{ȅƴ.ƛƻ tǳōƭƛŎŀǝƻƴ ǎƘŀǊŜ ό҈ύ

млл

млл

оф

{ȅƴ.ƛƻн {ȅƴ.ƛƻо {ȅƴ.ƛƻ /ƻнπс

҈ !ǳǘƘƻǊ aŀǘŎƘƛƴƎ ǿƛǘƘ
{ȅƴ.ƛƻмƛƴ¢ƻǇмлл!ǳǘƘƻǊ
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ĶŌĮĪňŗȮ0+18ȮŐĽħĚěņĬĺĬĭĪėĺŅĴĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ 
ŒĬȮRmnȮ/.ȮRmngaȮajsqrcpqȮŒĬŐĨƞĸŃĝŋħĕŀĚȮoscpw 

 

ěŅĔĕƟŀĴŌĸŏĮĶňĵĭŏĪňĵĭȮRmngaȮajsqrcpqȮĕŀĚĝŋħĕƟŀĴŌĸěŅĔȮoscpwȮĪńŘĚȮ2ȮĝŋħȮıĭĺƞŅȮQwl@gm/*ȮQwl@gm0*Ȯ
Qwl@gm1ȮĴňȮRmnȮ/.ȮRmngaȮajsqrcpqȮ&/.ȮŀńĬħńĭŐĶĔĕŀĚȮRmngaȮajsqrcpqȮĪňŗĴňěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇ 
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĩŌĔěńħŀĵŌƞŒĬȮRmngaȮajsqrcpqĬńŘĬȮŕȮĴŅĔĪňŗĽŋħ'ȮŏľĴŊŀĬĔńĬȮȮŐĨƞŀŅěĴňĽńħĽƞĺĬĕŀĚ
ěņĬĺĬĭĪėĺŅĴĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮŐĨĔĨƞŅĚĔńĬȮħńĚĬńŘĬěŅĔĕƟŀĴŌĸĕƟŅĚĨƟĬĝŋħĕƟŀĴŌĸȮQwl@gm/ȮQwl@gm0Ȯ
ŐĸŃȮQwl@gm1ȮĴňįŌƟŐĨƞĚŐĸŃȮRmngaȮajsqrcpqȮŒĬĔĸŋƞĴĪňŗŒĔĸƟŏėňĵĚĔńĬȮȮŒĬĕĦŃĪňŗȮQwl@gm/ȮĴňĽńħĽƞĺĬŏĮŀĶƢŏĞŖĬĨƢĕŀĚ
ĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ&Icwnf_qcqȮkcrpgaq'ȮĞŉŗĚĴŅĔĩŉĚȮ7.,67#ȮĪňŗĴŅĔĔĺƞŅ
ĝŋħĕƟŀĴŌĸȮQwl@gm0ȮŐĸŃȮQwl@gm1ȮėĦŃįŌƟĻŉĔļŅěŉĚŏĸŊŀĔĝŋħĕƟŀĴŌĸěŅĔȮQwl@gm/ȮĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢŒĬĸņħńĭĨƞŀœĮ 

0,0,0 ĔŅĶĺŇŏėĶŅŃľƢĚŅĬĺŇěńĵĪŅĚħƟŅĬȮqwlrfcrgaȮg̀mjmewȮŒĬĴŇĨŇĨƞŅĚȮŕ 
ěŅĔĔŅĶĬņĝŋħĕƟŀĴŌĸȮQwl@gm/ȮĪňŗĴňĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ/774ȮůȮ0.025ȮěņĬĺĬȮ7*201Ȯ

ŏĶŊŗŀĚȮĞŉŗĚĴňĭĪėĺŅĴĺŇĝĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮěņĬĺĬȮ7.,67#ȮěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵȮ
Icwnf_qcqȮĞŉŗĚŏĮƦĬȮkcrpgaȮŒĬģŅĬĕƟŀĴŌĸȮQagt_jȮŏĮƦĬĨńĺŐĪĬĕŀĚĭĪėĺŅĴĺŇĝŅĔŅĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ
`gmjmewȮŏıŊŗŀĬņĴŅĺŇŏėĶŅŃľƢŒĬĴŇĨŇĨƞŅĚȮŕȮĕŀĚĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮŏĝƞĬȮĮĶŃŏĪĻĪňŗĴň
ėĺŅĴĔƟŅĺľĬƟŅĪŅĚĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĽĩŅĭńĬ-ĬńĔĺŇěńĵĪňŗĴňįĸĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮ
qwlrfcrgaȮ`gmjmewȮĶŃħńĭőĸĔȮĔŅĶĬņĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮœĮŒĝƟĮĶŃőĵĝĬƢŒĬħƟŅĬĨƞŅĚȮŕȮ
ĨĸŀħěĬŏĪėőĬőĸĵňĪňŗĴňŀĵŌƞŐĸŃĔŅĶėŅħĔŅĶĦƢŏĪėőĬőĸĵňĪňŗĴňĻńĔĵĳŅıŒĬŀĬŅėĨȮőħĵĴŇĨŇĨƞŅĚȮŕȮŐĸŃĬņĴŅŏĮĶňĵĭŏĪňĵĭ
ĔńĭĴŇĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĺŇěńĵĬňŘŒĬĮĶŃŏĪĻœĪĵ 

 
5 ĕƟŀĴŌĸĩŉĚŏħŊŀĬĔŋĴĳŅıńĬīƢȮ0345 

ммнп

момс

мттр

срсу

рпфм

тмтн

нтл

л нллл пллл сллл уллл млллл мнллл мпллл

{ȅƴ.ƛƻмψ{ȅƴ.ƛƻ tǳōƭƛŎŀǝƻƴ ǎƘŀǊŜ

{ȅƴ.ƛƻнψ{ȅƴ.ƛƻ tǳōƭƛŎŀǝƻƴ ǎƘŀǊŜ

{ȅƴ.ƛƻоψ{ȅƴ.ƛƻ tǳōƭƛŎŀǝƻƴ ǎƘŀǊŜ

{¸b.Lh /ƻнπсψ{ȅƴ.ƛƻ tǳōƭƛŎŀǝƻƴ ǎƘŀǊŜ

нлмоςнлннΥ tǳōƭƛŎŀǝƻƴǎƘŀǊŜ ƻŦ {ȅƴǘƘŜǝŎ .ƛƻƭƻƎȅYŜȅǇƘŀǊǎŜǎ

DŜƴŜǎΤ DŜƴŜ wŜƎǳƭŀǘƻǊȅ bŜǘǿƻǊƪǎΤ DŜƴŜ 9ȄǇǊŜǎǎƛƻƴ wb!Τ wƛōƻǎƻƳŜǎΤ tǊƻǘŜƛƴǎ

9ǎŎƘŜǊƛŎƘƛŀ /ƻƭƛΤ .ŀŎǘŜǊƛŀΤ vǳƻǊǳƳ {ŜƴǎƛƴƎ DŜƴƻƳŜΤ DŜƴŜǎΤ DǳƛŘŜ wb!

!ƭƎŀŜΤ aƛŎǊƻŀƭƎŀŜΤ .ƛƻŘƛŜǎŜƭ {ǘǊŜǇǘƻƳȅŎŜǎΤ !ŎǝƴƻōŀŎǘŜǊƛŀΤ !ƴǝπ.ŀŎǘŜǊƛŀƭ !ƎŜƴǘǎ

[ƛǇƛŘ .ƛƭŀȅŜǊǎΤ aŜƳōǊŀƴŜǎΤ [ƛǇƛŘǎ /ƻǊȅƴŜōŀŎǘŜǊƛǳƳ DƭǳǘŀƳƛŎǳƳΤ 9ǎŎƘŜǊƛŎƘƛŀ /ƻƭƛΤ aŜǘŀōƻƭƛŎ 9ƴƎƛƴŜŜǊƛƴƎ

!ǊŀōƛŘƻǇǎƛǎΤ tƭŀƴǘǎΤ DŜƴŜǎ aŜǘŀƎŜƴƻƳŜΤ tǊƻōƛƻǝŎǎΤ .ŀŎǘŜǊƛŀ

!ƭƭ ¢ƻǇƛŎ ŎƭǳǎǘŜǊǎ

¢ƻǇмл
¢ƻǇƛŎ ŎƭǳǎǘŜǊ
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ŐĸŃŏĴŊŗŀĬņĝŋħĕƟŀĴŌĸȮQwl@gm/ȮĴŅıŇěŅĶĦŅėĺŅĴĽńĴıńĬīƢĕŀĚĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇħƟĺĵėĺŅĴĽńĴıńĬīƢ
ĕŀĚȮ_srfmpȮicwumpbqȮőħĵŒĝƟĲƤĚĔƢĝńĬȮėņĻńıĪƢĶƞĺĴȮ&am+maasppclac'ȮĕŀĚėņĽņėńĠħƟĺĵőĮĶŐĔĶĴȮTMQtgcucp6 

 

ĶŌĮĪňŗȮ0+28ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĕŀĚȮ_srfmpȮicwumpbqȮ 
őħĵŒĝƟĲƤĚĔƢĝńĬȮėņĻńıĪƢĶƞĺĴȮ&am+maasppclac'ȮĕŀĚĝŋħĕƟŀĴŌĸȮQwl@gm/ 

ěŅĔĶŌĮĪňŗȮ0+2ȮıĭĺƞŅȮqwlrfcrgaȮ`gmjmewȮŏĮƦĬĻŌĬĵƢĔĸŅĚĕŀĚȮ6ȮajsqrcpȮĕŀĚėņĻńıĪƢĶƞĺĴȮ&am+maasppclac'Ȯ
őħĵĔĸƞŅĺœħƟĺƞŅȮqwlrfcrgaȮ`gmjmewȮĴňėĺŅĴŏĝŊŗŀĴőĵĚŒĬĪŋĔȮajsqrcpqȮȮěŉĚıŇěŅĶĦŅȮajsqrcpȮĕŀĚėņĻńıĪƢĶƞĺĴȮ 
&am+maasppclac'ȮĪňŗıĭĺƞŅĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗĴňėĺŅĴŏĝŊŗŀĴőĵĚĔńĭȮqwlrfcrgaȮ`gmjmewȮěņĬĺĬĴŅĔȮħńĚĬňŘ 

 

 
6 &https://www.vosviewer.com/; (VOS viewer version /,4,/7'' 
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ĶŌĮĪňŗȮ0+38ȮŐĽħĚėĺŅĴĽńĴıńĬīƢȮqwlrfcrgaȮ`gmjmewȮŐĸŃȮkcr_`mjgaȮcleglccpgle 
őħĵŒĝƟĲƤĚĔƢĝńĬȮėņĻńıĪƢĶƞĺĴȮ&am+maasppclac'ȮĕŀĚĝŋħĕƟŀĴŌĸȮQwl@gm/ 

 
ěŅĔĶŌĮĪňŗȮ0+3ȮěŃŏľŖĬœħƟĺƞŅȮqwlrfcrgaȮ`gmjmewȮĴňėĺŅĴĽńĴıńĬīƢĪňŗŒĔĸƟĝŇħĔńĭȮkcr_`mjgaȮcleglccpgleȮ 

ĴňěŋħĶƞĺĴĨƞŅĚȮŕȮȮŏĝƞĬȮfmqrȮacjjȮĪńŘĚĵňĽĨƢŐĸŃŐĭėĪňŏĶňĵȮŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶėĺĭėŋĴĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬŐĸŃ 
ĔŅĶŀŀĔŐĭĭĔŅĶĮĶńĭŏĮĸňŗĵĬȮfmqrȮacjjȮħƟĺĵȮamknsr_rgml_jȮ`gmjmewȮ&`gmgldmpk_rgaq*Ȯk_afglcȮjc_plgleȮŐĸŃȮ
_prgƱag_jȮglrcjjgeclac'ȮĔĸŋƞĴȮkcr_`mjgaȮĪňŗĽĬŒěŒĬȮn_rfu_wȮĨƞŅĚȮŕȮȮŏĪėĬŇėĔŅĶŒĝƟȮfgef+rfpmsefnsrȮqapcclgleȮ
ŀňĔĪńŘĚŏėĶŊŗŀĚĴŊŀŒĬĔŅĶĮĶńĭŏĮĸňŗĵĬėŋĦĸńĔļĦŃĕŀĚȮfmqrȮacjjȮŏĝƞĬȮeclcȮcbgrgleȮ&APGNP+A?Q'ȮĬŀĔěŅĔĵńĚĴňĔŅĶįĸŇĨ
ŐĸŃĮĶŃĵŋĔĨƢŒĝƟŒĬȮ_nnjga_rgmlȮĨƞŅĚȮŕȮĪňŗŒĔĸƟŏėňĵĚĔńĬȮŏĝƞĬȮ`gmqclqmp*Ȯ`gmdscj*Ȯ`gmpckcbg_rgmlȮħńĚŐĽħĚ
ĶŅĵĸŃŏŀňĵħėĺŅĴĽńĴıńĬīƢŐĸŃėĺŅĴŏĝŊŗŀĴőĵĚĨŅĴĶŌĮĪňŗȮ0+4?Ȯ+Ȯ0+4DȮ 
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ĶŌĮĪňŗȮ0+4?8ȮŐĽħĚėĺŅĴĽńĴıńĬīƢȮqwlrfcrgaȮ`gmjmewȮŐĸŃȮkcr_`mjgaȮcleglccpgleȮħƟĺĵŏĪėĬŇėȮacjjȮdpcc 
őħĵŒĝƟĲƤĚĔƢĝńĬȮėņĻńıĪƢĶƞĺĴȮ&am+maasppclac'ȮĕŀĚĝŋħĕƟŀĴŌĸȮQwl@gm/ 

 
 

 

ĶŌĮĪňŗȮ0+4@8ȮŐĽħĚėĺŅĴĽńĴıńĬīƢȮqwlrfcrgaȮ`gmjmewȮŐĸŃȮkcr_`mjgaȮcleglccpgleȮħƟĺĵŏĪėĬŇėȮ 
bgpcarcbȮct_js_rgmlȮőħĵŒĝƟĲƤĚĔƢĝńĬȮėņĻńıĪƢĶƞĺĴȮ&am+maasppclac'ȮĕŀĚĝŋħĕƟŀĴŌĸȮQwl@gm/ 
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ĶŌĮĪňŗȮ0+4A8ȮŐĽħĚėĺŅĴĽńĴıńĬīƢȮqwlrfcrgaȮ`gmjmewȮŐĸŃȮkcr_`mjgaȮcleglccpgleȮħƟĺĵŏĪėĬŇėȮ 
k_afglcȮjc_plgleȮőħĵŒĝƟĲƤĚĔƢĝńĬȮėņĻńıĪƢĶƞĺĴȮ&am+maasppclac'ȮĕŀĚĝŋħĕƟŀĴŌĸȮQwl@gm/ 

 

ĶŌĮĪňŗȮ0+4B8ȮŐĽħĚėĺŅĴĽńĴıńĬīƢȮqwlrfcrgaȮ`gmjmewȮŐĸŃȮkcr_`mjgaȮcleglccpgleȮħƟĺĵŏĪėĬŇėȮ 
_prgƱag_jȮglrcjjgeclacȮőħĵŒĝƟĲƤĚĔƢĝńĬȮėņĻńıĪƢĶƞĺĴȮ&am+maasppclac'ȮĕŀĚĝŋħĕƟŀĴŌĸȮQwl@gm/ 
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ĶŌĮĪňŗȮ0+4C8ȮŐĽħĚėĺŅĴĽńĴıńĬīƢȮqwlrfcrgaȮ`gmjmewȮŐĸŃȮkcr_`mjgaȮcleglccpgleȮħƟĺĵŏĪėĬŇėȮ 
eclmkcȮcleglccpgleȮőħĵŒĝƟĲƤĚĔƢĝńĬȮėņĻńıĪƢĶƞĺĴȮ&am+maasppclac'ȮĕŀĚĝŋħĕƟŀĴŌĸȮQwl@gm/ 

 

 

ĶŌĮĪňŗȮ0+4D8ȮŐĽħĚėĺŅĴĽńĴıńĬīƢȮqwlrfcrgaȮ`gmjmewȮŐĸŃȮkcr_`mjgaȮcleglccpgleȮħƟĺĵŏĪėĬŇėȮeclcȮagpasgrq 
őħĵŒĝƟĲƤĚĔƢĝńĬȮėņĻńıĪƢĶƞĺĴȮ&am+maasppclac'ȮĕŀĚĝŋħĕƟŀĴŌĸȮQwl@gm/ 
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ĪńŘĚĬňŘĵńĚıĭėĺŅĴĽńĴıńĬīƢĕŀĚȮqwlrfcrgaȮ`gmjmew*Ȯkcr_`mjgaȮcleglccpgleȮŐĸŃȮqwqrckqȮ̀ gmjmewȮ 

ħńĚĶŌĮĪňŗȮ0+5 

 
ĶŌĮĪňŗȮ0+58ȮŐĽħĚėĺŅĴĽńĴıńĬīƢȮqwlrfcrgaȮ`gmjmew*Ȯkcr_`mjgaȮcleglccpgleȮŐĸŃȮqwqrckqȮ̀gmjmew 

őħĵŒĝƟĲƤĚĔƢĝńĬȮėņĻńıĪƢĶƞĺĴȮ&am+maasppclac'ȮĕŀĚĝŋħĕƟŀĴŌĸȮQwl@gm/ 
 

ĞŉŗĚŀŅěĔĸƞŅĺœħƟĺƞŅȮqwlrfcrgaȮ`gmjmewȮŏĮƦĬĔŅĶĨƞŀĵŀħŀĚėƢėĺŅĴĶŌƟĕŀĚĻŅĽĨĶƢŒĬľĸŅĔľĸŅĵŐĕĬĚőħĵ 
ĴňĝňĺĺŇĪĵŅŏĮƦĬģŅĬȮŏıŊŗŀŒľƟĽŅĴŅĶĩıŇěŅĶĦŅėĺŅĴĽńĴıńĬīƢĕŀĚŀĚėƢėĺŅĴĶŌƟĨƞŅĚȮŕȮŒĬĴŇĨŇŏĺĸŅėĦŃįŌƟĻŉĔļŅěŉĚœħƟŒĝƟȮ
@g`jgmkcrpgvȮĴŅĺŇŏėĶŅŃľƢĕƟŀĴŌĸ 
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ĶŌĮĪňŗȮ0+68ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĕŀĚŀĚėƢėĺŅĴĶŌƟĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĨƞŀĝƞĺĚŏĺĸŅĨƞŅĚȮŕ 

 

ěŃŏľŖĬœħƟĺƞŅĝƞĺĚĨƟĬĮƖȮė,Ļ,Ȯ0...ȮqwlrfcrgaȮ`gmjmewȮěŃĵńĚĴňŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅĺŇěńĵœĴƞľĸŅĔľĸŅĵ
ĴŅĔĬńĔőħĵŒĝƟŀĚėƢėĺŅĴĶŌƟħƟŅĬȮeclcȮcvnpcqqgmlȮŐĸŃȮeclcȮpcesj_rgmlȮŏĮƦĬľĸńĔȮőħĵĨńŘĚŐĨƞĝƞĺĚĮƖȮė,Ļ,Ȯ0./.ȮŏĶŇŗĴ 
ĴňŏĪėĬŇėĪňŗŒĝƟŒĬȮqwlrfcrgaȮ`gmjmewȮĪňŗĴŅĔĕŉŘĬȮŏĝƞĬȮacjjȮdpccȮĮĶŃĔŀĭĔńĭŀĚėƢėĺŅĴĶŌƟĪŅĚħƟŅĬȮqwqrckqȮ̀gmjmewȮ
ŐĸŃȮnpmrcglȮcleglccpgleȮĪņŒľƟĔŅĶĻŉĔļŅĪňŗŏĔňŗĵĺĔńĭȮqwlrfcrgaȮ`gmjmewȮĕĵŅĵĨńĺĕŉŘĬȮŐĸŃěŋħŏĮĸňŗĵĬŒĬĔŅĶĕĵŅĵ
ĚŅĬĺŇěńĵĪŅĚħƟŅĬȮqwlrfcrgaȮ`gmjmewȮėŊŀȮĔŅĶŒĝƟŏĪėĬŇėȮkgapmƲsgbgaqȮŒĬĔŅĶĽńĚŏėĶŅŃľƢȮlsajcgaȮ_agbȮœħƟŒĬĶŅėŅĩŌĔ7Ȯ
ŐĸŃĝƞĺĚĮƖȮė,Ļ,Ȯ0.0.ȮĴňĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀŒľĴƞŀĵƞŅĚŐıĶƞľĸŅĵŐĸŃĴňŏėĶŊŗŀĚĴŊŀĪňŗľĸŅĔľĸŅĵĽņľĶńĭĽĶƟŅĚȮfmqrȮacjjȮŏĝƞĬȮ
eclcrgaȮagpasgr8ȮŐĸŃȮeclcȮcbgrgle910ȮŀňĔĪńŘĚĬņĶŃĭĭȮ_srmk_rgml1112ȮĴŅĮĶŃĵŋĔĨƢĪņŒľƟĽŅĴŅĶĩĽĶƟŅĚŐĸŃ
ĪħĽŀĭ-ėńħŏĸŊŀĔȮfmqrȮacjjȮœħƟŀĵƞŅĚĶĺħŏĶŖĺŐĸŃĩŌĔĨƟŀĚȮĮĶŃĔŀĭĔńĭŀĚėƢėĺŅĴĶŌƟŏĝŇĚĸŉĔŒĬĶŃĭĭĨƞŅĚȮŕȮĕŀĚĽŇŗĚĴňĝňĺŇĨȮ

 
7 Cheng-Chung Lee, Thomas M. Snyder and Stephen R. Quake, A microfluidic oligonucleotide synthesizer. Nucleic Acids 
Res. 2010 May; 38(8): 2514ů2521. 
8 Ahmad S. Khalil and James J. Collins, Synthetic biology: applications come of age. Nature Reviews Genetics,2010, 11(5), 
pp. 367ů379 
9 Khaoula Belhaj, Angela Chaparro-Garcia, Sophien Kamoun, Nicola J Patron and Vladimir Nekrasov. Editing plant genomes 
with CRISPR/Cas9. Current Opinion in Biotechnology. 2015. 32, 76ů84 
10 Agrotis, A., Ketteler, R. A new age in functional genomics using CRISPR/Cas9 in arrayed library screening. Frontiers in 
Genetics, 2015, 6(SEP), 300 
11 Nicolás Gurdo, Daniel C. Volke and Pablo I. Nikel. Merging automation and fundamental discovery into the designů
buildůtestůlearn cycle of nontraditional microbes. Trends in Biotechnology, 2022, 40(10), 1148-1159 
12 Dae-Hee Lee, Haseong Kim, Bong-Hyun Sung, Byung Kwan Cho and Seung-Goo Lee, Biofoundries: Bridging Automation 
and Biomanufacturing in Synthetic Biology. Biotechnology and Bioprocess Engineering. 2023, 28: 892-904  
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ŏĝƞĬȮkcr_`mjmkgaqȮŐĸŃȮeclmkgaqȮĪņŒľƟĽŅĴŅĶĩĬņȮk_afglcȮjc_plgle13ȮŏĕƟŅĴŅĝƞĺĵŒĬĔŅĶıńĥĬŅȮfmqrȮacjjȮ
œħƟĨƞŀœĮȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭŀĚėƢėĺŅĴĶŌƟŐĸŃŏĪėĬŇėĨƞŅĚȮŕȮŒĬŏĝŇĚėĺŅĴĔƟŅĺľĬƟŅĕŀĚŏĪėőĬőĸĵňȮıĭĺƞŅȮqwlrfcrgaȮ
`gmjmew*ȮqwqrckqȮ̀gmjmew*ȮnpmrcglȮcleglccpgleȮŏĮƦĬĨńĺĔĸŅĚŒĬĔŅĶĕńĭŏėĸŊŗŀĬŒľƟŏĔŇħėĺŅĴĔƟŅĺľĬƟŅŒĬĔŅĶĺŇěńĵ 
ĪňŗŏĔňŗĵĺĕƟŀĚȮĞŉŗĚŀĚėƢėĺŅĴĶŌƟĪŅĚħƟŅĬȮkcr_`mjgaȮcleglccpgleȮŐĸŃȮfmqrȮacjjȮŏĮƦĬıŊŘĬģŅĬȮĬŀĔěŅĔĬňŘĵńĚĴňŏĪėĬŇėȮ 
acjjȮdpcc14ȮĪňŗŒĝƟĽņľĶńĭĔŅĶĽńĚŏėĶŅŃľƢĔĶħŀŃĴŇőĬŐĸŃőĮĶĨňĬŏıŊŗŀŐĔƟĮƤĠľŅĔŅĶĽĶƟŅĚȮkcr_`mjgrcȮœĴƞĨƟŀĚĔŅĶ 
ŐĨƞěņŏĮƦĬĨƞŀĶŃĭĭȮfmqrȮacjjȮŐĸŃĵńĚĴňĚŅĬĺŇěńĵĪŅĚħƟŅĬȮ_prgƱag_jȮacjj15ȮŐĸŃȮqwlrfcrgaȮacjj16ȮĪňŗŀĵŌƞĶŃľĺƞŅĚ 
ĔŅĶıńĥĬŅŐĸŃĬņœĮŒĝƟĨƞŀœĮȮ 

 

 
ĶŌĮĪňŗȮ0+78ȮŐĽħĚŀĚėƢėĺŅĴĶŌƟŐĸŃŏĪėĬŇėĨƞŅĚȮŕȮŒĬŏĝŇĚŏĮĶňĵĭŏĪňĵĭėĺŅĴĔƟŅĺľĬƟŅĕŀĚŏĪėőĬőĸĵň 

  

 
13 Si, mon Höllerer, Charlotte DesczykRicardo Farrera Muro and Markus Jeschek. From sequence to function and back ů 
High-throughput 
sequence-function mapping in synthetic biology. Current Opinion in Systems Biology, 2024, 37:100499 
14 So Jeong Lee and Dong-Myung Kim, Cell-free synthetic biology: Navigating the new frontiers of biomanufacturing 
and biological engineering. Current Opinion in Systems Biology. 2024, , 37:100488 
15 Minoru Kurisu and Masayuki Imai, Concepts of a synthetic minimal cell: Information molecules, metabolic pathways, 
and vesicle reproduction. Biophysics and physicobiology, 2024, 21(1), e210002 
16 Lucia Baldauf, Lennard van Buren, Federico Fanalista, and Gijsje Hendrika Koenderink, Actomyosin-Driven Division of a 
Synthetic Cell. ACS Synth. Biol. 2022, 11, 10, 3120ů3133 
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0,3 ėĺŅĴıĶƟŀĴĪŅĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĝŇĚŏĮĶňĵĭŏĪňĵĭĔńĭĬŅĬŅĝŅĨŇ 

0,1,/ ėĺŅĴıĶƟŀĴĪŅĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬĴŇĨŇĔŅĶıńĥĬŅĚŅĬĺŇěńĵŐĸŃŏĪėőĬőĸĵň 
ĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢĽƞĺĬĬňŘėĦŃįŌƟĻŉĔļŅěŃŒĝƟĕƟŀĴŌĸĝŋħȮQwl@gm/ȮĬņĴŅĺŇŏėĶŅŃľƢħƟĺĵȮkcrpgaȮĪňŗĴň 

ŒĬģŅĬĕƟŀĴŌĸȮQagt_jȮŏĝƞĬȮěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇȮŐĸŃȮėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮŒĬȮRmngaȮ
ľĶŊŀȮRmngaȮajsqrcpȮŏĮƦĬĨƟĬȮĞŉŗĚěŃŏĮĶňĵĭŏĪňĵĭŒĬĽŀĚĝƞĺĚŏĺĸŅėŊŀĝƞĺĚŐĶĔĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.00ȮŐĸŃȮĝƞĺĚĪňŗȮ0Ȯ
ĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02ȮŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĕƟŀĴŌĸĵƟŀĬľĸńĚȮ/.ȮĮƖȮŐĸŃȮ5ȮĮƖȮĞŉŗĚŀŅěŐĽħĚŒľƟŏľŖĬĩŉĚŐĬĺőĬƟĴ 
ĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĸŃŀŅěěŃĪĶŅĭĮƤěěńĵĪňŗĽƞĚįĸŒľƟŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚħńĚĔĸƞŅĺȮŀĵƞŅĚœĶĔŖĨŅĴȮĕƟŀěņĔńħĕŀĚģŅĬĕƟŀĴŌĸȮ
Qagt_jȮĪņŒľƟĔŅĶŐĽħĚįĸĵƟŀĬľĸńĚȮ/.ȮĮƖȮěŃŏĮƦĬĕƟŀĴŌĸĕŀĚĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.00Ȯ
ŐĸŃĕƟŀĴŌĸĵƟŀĬľĸńĚȮ5ȮĮƖȮŏĮƦĬĕƟŀĴŌĸĕŀĚĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02ȮőħĵŐĽħĚįĸ 
ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸħńĚĬňŘ 

 

¶ ĔŅĶĺŇŏėĶŅŃľƢĮĶŃŏĪĻĪňŗĴňĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇȮ/.ȮŀńĬħńĭŐĶĔĕŀĚőĸĔŏĮĶňĵĭŏĪňĵĭĮĶŃŏĪĻœĪĵ 

 
ĶŌĮĪňŗȮ0+/.8ȮŐĽħĚĮĶŃŏĪĻĪňŗĴňįĸĚŅĬĨňıŇĴıƢĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ 
ĴŅĔĪňŗĽŋħȮ1/ȮŀńĬħńĭĕŀĚőĸĔȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮ 

ěŅĔģŅĬĕƟŀĴŌĸȮQagt_jȮĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.00 
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ĶŌĮĪňŗȮ0+//8ȮŐĽħĚĮĶŃŏĪĻĪňŗĴňįĸĚŅĬĨňıŇĴıƢĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ 
ĴŅĔĪňŗĽŋħȮ1/ȮŀńĬħńĭĕŀĚőĸĔȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮ 

ěŅĔģŅĬĕƟŀĴŌĸȮQagt_jȮĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02 
 

ěŅĔĶŌĮĪňŗȮ0+/.ȮŐĸŃȮ0+//ȮŐĽħĚĮĶŃŏĪĻĪňŗĴňĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮ
qwlrfcrgaȮ`gmjmewȮŒĬȮ1/ȮŀńĬħńĭŐĶĔĕŀĚőĸĔȮőħĵĮĶŃŏĪĻȮ/.ȮŀńĬħńĭŐĶĔĕŀĚőĸĔĪňŗĴňĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶ
ĬŅĬŅĝŅĨŇŒĬĝƞĺĚĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.02ȮœħƟŐĔƞȮĽľĶńģŀŏĴĶŇĔŅȮěňĬȮĽľĶŅĝŀŅĦŅěńĔĶȮŏĵŀĶĴĬňȮŀŇĬŏħňĵȮİĶńŗĚŏĻĽȮĠňŗĮŋƙĬȮ
ŏħĬĴŅĶƢĔȮŏĔŅľĸňŒĨƟȮŐĸŃȮĽŏĮĬȮȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅŏĮĶňĵĭŏĪňĵĭĕƟŀĴŌĸěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĕŀĚȮ0ȮĝƞĺĚėŊŀȮ
ĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.00ȮŐĸŃȮĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02ȮŐĭƞĚœħƟŏĮƦĬȮ1ȮĔĸŋƞĴħńĚĬňŘ 

o ĔĸŋƞĴĪňŗȮ/ȮĮĶŃŏĪĻĪňŗĴňĸņħńĭĽŌĚĕŉŘĬȮœħƟŐĔƞȮěňĬȮŏħĬĴŅĶƢĔȮŏĔŅľĸňŒĨƟȮŐĸŃȮĽŏĮĬȮ 
o ĔĸŋƞĴĪňŗȮ0ȮĮĶŃŏĪĻĪňŗĸņħńĭŏĪƞŅŏħŇĴȮœħƟŐĔƞȮĽľĶńģŀŅĦŅěńĔĶȮŏĵŀĶĴĬňȮŐĸŃȮŀŇĬŏħňĵ 
o ĔĸŋƞĴĪňŗȮ1ȮĮĶŃŏĪĻĪňŗĴňĸņħńĭĸħĸĚȮœħƟŐĔƞȮĽľĶńģŀŏĴĶŇĔŅȮİĶńŗĚŏĻĽȮŐĸŃȮĠňŗĮŋƙĬȮ 

ıĭĺƞŅŒĬĝƞĺĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02ȮĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚ
ĔńĭȮqwlrfcrgaȮ`gmjmewȮěņĬĺĬȮ/*53.ȮŏĶŊŗŀĚȮŐĸŃœħƟĕŉŘĬĴŅŏĮƦĬŀńĬħńĭȮ/ȮŐĪĬĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮĪňŗĴňĔŅĶĨňıŇĴıƢ
ĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇěņĬĺĬȮ/*416ȮŏĶŊŗŀĚȮŐĨƞŏĴŊŗŀıŇěŅĶĦŅėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮĽľĶńģŀŏĴĶŇĔŅ
ĴňėƞŅŏĪƞŅĔńĭȮ/,31ȮĞŉŗĚĴŅĔĔĺƞŅěňĬĪňŗĴňėƞŅŏĪƞŅĔńĭȮ/,/2ȮĪńŘĚĬňŘŒĬĮĶŃŏĪĻȮ/.ȮŀńĬħńĭŐĶĔĪňŗĴňĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶ
ĬŅĬŅĝŅĨŇĴŅĔĪňŗĽŋħĬńŘĬěŃĴňėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮĶŃľĺƞŅĚȮ/,.Ȯ+Ȯ/,5ȮȮŐĸŃŏĮƦĬĪňŗĬƞŅĽńĚŏĔĨėŊŀĝƞĺĚĮƖȮ
ė,Ļ,Ȯ0./1Ȯ+Ȯ0.00ȮĮĶŃŏĪĻŏħĬĴŅĶƢĔĴňěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇěņĬĺĬȮ033ȮŏĶŊŗŀĚȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮ
Agr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ0ȮĞŉŗĚĴŅĔŏĮƦĬȮ12,46Ȯ#ȮĕŀĚėƞŅŏĜĸňŗĵĕŀĚȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮŐĸŃ 
ĴňěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇěņĬĺĬȮ0.0ȮŏĶŊŗŀĚȮŒĬĝƞĺĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02ȮőħĵĴňėƞŅȮDgcjb+UcgefrcbȮ
Agr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ/,36ȮĞŉŗĚĴŅĔŏĮƦĬȮ0.,/#ȮĕŀĚėƞŅŏĜĸňŗĵĕŀĚȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮ 

ΝЮΝΠ

ΝЮΡΟ

ΝЮΟΣ

ΝЮΡΦ

ΝЮΟΥ

ΝЮΞΡ

ΝЮΡΥ
ΝЮΣΣ

ΝЮΞΣ

ΝЮΜΠ

ΝЮΟΟ
ΝЮΞΤ

ΝЮΡΦ

ΝЮΞΦ

ΝЮΣΡ ΝЮΣΞ

ΝЮΜΞ

ΜЮΥ

ΝЮΞΡ

ΜЮΦΣ

ΝЮΟΞ ΝЮΞΥ

ΝЮΠΤ

ΜЮΤ

ΝЮΟΝ

ΜЮΣΞ

ΝЮΤΞ
ΝЮΥΟ ΝЮΥΠ

ΝЮΦΟ

ΜЮΦΠ

ΝΤΡΜ

ΝΣΟΥ

ΣΟΦ

ΠΥΥ

ΞΦΤ
ΞΜΟΞΜΞΝΥΤΝΥΝΝΤΦΝΤΠΝΡΞΝΠΣΝΠΜΝΞΠ

ΥΝ ΤΤ ΣΡ ΡΥ ΡΠ ΡΝ ΠΞ ΟΥ ΟΠ ΟΟ ΟΞ ΟΞ ΟΝ ΟΜ ΞΤ ΞΣ
Μ

ΜЮΡ

Ν

ΝЮΡ

Ξ

ΞЮΡ

Μ

ΞΜΜ

ΠΜΜ

ΣΜΜ

ΥΜΜ

ΝΜΜΜ

ΝΞΜΜ

ΝΠΜΜ

ΝΣΜΜ

ΝΥΜΜ

ΞΜΜΜ

ÉĦőŸũċƖũǃН§ƨƣƓƨƣ[ŔĲũĬрìĲŔŊőƣĲĬН9ŔƣċƣŔŸŰНfůƓċĦƣ

¢ƻǇ /ƻǳƴǘǊȅΥ ̧ŜŀǊ ǊŀƴƎŜнлмуǘƻнлнп



24 

ěŃŏľŖĬœħƟĺƞŅŐĴƟĮĶŃŏĪĻŏħĬĴŅĶƢĔěŃĴňěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶėŇħŏĮƦĬȮ//#ȮĕŀĚĮĶŃŏĪĻĪňŗĴňěņĬĺĬĭĪėĺŅĴĴŅĔĪňŗĽŋħȮ
ŐĨƞĔĸńĭĴňėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮĴŅĔĔĺƞŅėƞŅŏĜĸňŗĵĮĶŃĴŅĦȮ/.Ȯ+Ȯ0.#Ȯ 

ĽņľĶńĭĮĶŃŏĪĻœĪĵĴňŀńĬħńĭĪňŗĽŌĚĕŉŘĬŏĴŊŗŀıŇěŅĶĦŅŏĮĶňĵĭŏĪňĵĭĕƟŀĴŌĸěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇ
ĕŀĚȮ0ȮĝƞĺĚȮŒĬĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.00ȮĮĶŃŏĪĻœĪĵŏĮƦĬŀńĬħńĭĪňŗȮ1/ȮĕŀĚőĸĔȮőħĵĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇ
ěņĬĺĬȮ1.ȮŏĶŊŗŀĚȮĴňėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮ.,55ȮŐĸŃŒĬĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02ȮĮĶŃŏĪĻœĪĵŏĮƦĬŀńĬħńĭ
ĪňŗȮ02ȮŏıŇŗĴĕŉŘĬȮ5ȮŀńĬħńĭȮőħĵĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇěņĬĺĬȮ12ȮŏĶŊŗŀĚȮĴňėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮ
Gkn_arȮŏĪƞŅĔńĭȮ.,5ȮĞŉŗĚŏĮƦĬėƞŅĪňŗĬƟŀĵĪňŗĽŋħŒĬĔĸŋƞĴĮĶŃŏĪĻȮ1/ȮŀńĬħńĭŐĶĔĪňŗĴňįĸĚŅĬĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶ
ĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĴŅĔĪňŗĽŋħȮȮŀŅěĔĸƞŅĺœħƟĺƞŅŒĬĳŅıĶĺĴĮĶŃŏĪĻœĪĵĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ
ĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĴňěņĬĺĬĴŅĔĕŉŘĬȮŐĨƞĵńĚėĚĴňėƞŅȮDgcjb+UcgefrcbȮ
Agr_rgmlȮGkn_arȮœĴƞĽŌĚĴŅĔĬńĔȮĞŉŗĚȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮ&DUAG'ȮŏĮƦĬĨńĺĝňŘĺńħįĸĔĶŃĪĭĕŀĚĔŅĶŀƟŅĚŀŇĚ
őħĵŏĜĸňŗĵȮĞŉŗĚŏĮĶňĵĭŏĪňĵĭĬĺĬĔŅĶŀƟŅĚŀŇĚěĶŇĚĪňŗįĸĚŅĬœħƟĶńĭĔńĭěņĬĺĬĔŅĶŀƟŅĚŀŇĚĪňŗėŅħľĺńĚĽņľĶńĭįĸĚŅĬĮĶŃŏĳĪ
ŏħňĵĺĔńĬȮ&ĮĶŃŏĳĪŏħňĵĺĔńĬľĴŅĵėĺŅĴĩŉĚĮĶŃŏĳĪįĸĚŅĬȮĮƖĪňŗıŇĴıƢȮŐĸŃĽŅĕŅĺŇĝŅŏħňĵĺĔńĬ'17ȮĞŉŗĚŀŅěĔĸƞŅĺœħƟĺƞŅĚŅĬĺŇěńĵ
ĪŅĚħƟŅĬȮqwlrfcrgaȮ`gmjmewȮĕŀĚœĪĵȮėĺĶıŇěŅĶĦŅĮĶńĭĮĶŋĚėŋĦĳŅıŐĸŃĮĶŇĴŅĦœĮıĶƟŀĴȮŕȮĔńĬȮ 

¶ ĔŅĶĺŇŏėĶŅŃľƢĽĩŅĭńĬĪňŗĴňĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇȮ/.ȮŀńĬħńĭŐĶĔĕŀĚőĸĔŏĮĶňĵĭŏĪňĵĭĮĶŃŏĪĻœĪĵȮ 
ěŅĔĔŅĶĺŇŏėĶŅŃľƢĽĩŅĭńĬĪňŗĴňįĸĚŅĬĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ

őħĵģŅĬĕƟŀĴŌĸěŃŒĝƟȮ_dƱjg_rgmlȮĪňŗįŌƟŐĨƞĚĔņľĬħĴŅŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢȮĞŉŗĚěŃıĭįŌƟŐĨƞĚĭŅĚĪƞŅĬŀŅěĶŃĭŋȮ_dƱjg_rgmlȮ0ȮĪňŗȮ
ľĶŊŀĔŅĶĪňŗĮĶŃŏĪĻĴňĬőĵĭŅĵĔņľĬħŒľƟĴňĽĩŅĭńĬĪňŗŏĮƦĬĶƞĴŒľĠƞĕŀĚĽĩŅĭńĬĺŇěńĵĨƞŅĚŕȮŒĬĮĶŃŏĪĻȮŏĝƞĬȮAfglcqcȮ
?a_bckwȮmdȮQagclacȮ&A?Q'ȮĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬȮŐĸŃȮAclrpcȮl_rgml_jȮbcȮj_ȮpcafcpafcȮqagclrgƱoscȮ
&ALPQ'18ȮĮĶŃŏĪĻİĶńŗĚŏĻĽȮėĦŃįŌƟĻŉĔļŅěŉĚěŃœĴƞĬņľĬƞĺĵĚŅĬŏĝŇĚĭĶŇľŅĶĚŅĬĺŇěńĵĴŅĶƞĺĴŒĬĔŅĶĺŇŏėĶŅŃľƢĬňŘȮ 

 
17 https://www.thailibrary.in.th/0.0.-/.-02-fwci-research-metrics/ 
18 https://www.cnrs.fr/en/le-cnrs/organisation 
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ĶŌĮĪňŗȮ0+/08ȮŐĽħĚĽĩŅĭńĬĪňŗĴňįĸĚŅĬĨňıŇĴıƢĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ 
ĴŅĔĪňŗĽŋħȮ1/ȮŀńĬħńĭĕŀĚőĸĔȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮ 

ěŅĔģŅĬĕƟŀĴŌĸȮQagt_jȮĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.00 
 

 
ĶŌĮĪňŗȮ0+/18ȮŐĽħĚĽĩŅĭńĬĪňŗĴňįĸĚŅĬĨňıŇĴıƢĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ 
ĴŅĔĪňŗĽŋħȮ1/ȮŀńĬħńĭĕŀĚőĸĔȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮ 

ěŅĔģŅĬĕƟŀĴŌĸȮQagt_jȮĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02 
 

¢ƻǇ LƴǎǝǘǳǘŜ ²ƻǊƭŘΥ ̧ŜŀǊ ǊŀƴƎŜ нлмо ǘƻ нлнн
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ΝЮΞ ΝЮΞΣ
ΝЮΝΠ

ΝЮΦ

ΝЮΡΡ
ΝЮΣΠ

ΝЮΠΞ
ΝЮΡΠ

ΞЮΣΦ

ΝЮΝΞ

ΟЮΟΟ

ΝЮΝΤ
ΝЮΜΞ

ΝЮΟ
ΝЮΝΣ

ΝЮΦΥ
ΝЮΤΥ

ΝЮΝΤ

ΝЮΥΣ
ΝЮΤΞ

ΝЮΝΠΝЮΝΟ

ΝЮΦΥ

ΝЮΡ

ΜЮΦΠ
ΜЮΥΝ

ΝЮΤΤΝЮΥΣΝЮΣΦ

ΝЮΟΥ

ΟΠΞ

ΝΥΞ
ΝΣΣΝΣΜΝΡΠΝΡΟΝΠΦΝΠΜΝΞΤΝΞΞ

ΝΜΥΦΥ ΦΥ ΦΞ ΦΜ ΥΦ ΥΟ ΥΜ ΤΦ ΤΦ ΤΝ ΣΤ ΣΠ ΣΜ ΡΦ ΡΦ ΡΥ ΡΣ ΡΣ ΡΡ

Μ

ΜЮΡ

Ν

ΝЮΡ

Ξ

ΞЮΡ

Ο

ΟЮΡ

Μ

ΡΜ

ΝΜΜ

ΝΡΜ

ΞΜΜ

ΞΡΜ

ΟΜΜ

ΟΡΜ

ΠΜΜ

ΠΡΜ

ΡΜΜ

ÉĦőŸũċƖũǃН§ƨƣƓƨƣ[ŔĲũĬрìĲŔŊőƣĲĬН9ŔƣċƣŔŸŰНfůƓċĦƣ
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ĨŅĴĶŌĮĪňŗȮ0+/0ȮŐĸŃȮ0+/1ȮıĭĺƞŅĽĩŅĭńĬĪňŗĴňįĸĚŅĬĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮ
qwlrfcrgaȮ`gmjmewȮĴŅĔĪňŗĽŋħȮ/.ȮŀńĬħńĭŐĶĔĕŀĚőĸĔœħƟŐĔƞȮSlgrcbȮQr_rcqȮBcn_prkclrȮmdȮClcpew*Ȯ
K_qq_afsqcrrqȮGlqrgrsrcȮmdȮRcaflmjmew*ȮGkncpg_jȮAmjjcecȮJmlbml*ȮRcaflga_jȮSlgtcpqgrwȮmdȮBclk_pi*Ȯ
Rg_lhglȮSlgtcpqgrw*ȮF_pt_pbȮSlgtcpqgrw*ȮHg_lel_lȮSlgtcpqgrw*ȮQugqqȮDcbcp_jȮGlqrgrsrcȮmdȮRcaflmjmewȮ
XspgafȮ&CRF'*ȮRqglefs_ȮSlgtcpqgrwȮŐĸŃȮSlgtcpqgrwȮmdȮA_jgdmplg_Ȯ_rȮ@cpicjcwȮěŅĔȮ3ȮĮĶŃŏĪĻȮœħƟŐĔƞȮ 

o ĽľĶńģŀŏĴĶŇĔŅȮ2ȮĽĩŅĭńĬȮėŊŀȮSlgrcbȮQr_rcqȮBcn_prkclrȮmdȮClcpew*ȮK_qq_afsqcrrqȮ
GlqrgrsrcȮmdȮRcaflmjmew*ȮF_pt_pbȮSlgtcpqgrw*ȮSlgtcpqgrwȮmdȮA_jgdmplg_Ȯ_rȮ@cpicjcw 

o ĽľĶŅĝŀŅĦŅěńĔĶȮ/ȮĽĩŅĭńĬȮėŊŀȮGkncpg_jȮAmjjcecȮJmlbml 
o ŏħĬĴŅĶƢĔȮ/ȮĽĩŅĭńĬȮėŊŀȮRcaflga_jȮSlgtcpqgrwȮmdȮBclk_pi 
o ĽĺŇĨŏĞŀĶƢŐĸĬħƢȮ/ȮĽĩŅĭńĬȮėŊŀȮQugqqȮDcbcp_jȮGlqrgrsrcȮmdȮRcaflmjmewȮXspgafȮ&CRF' 
o ěňĬȮ1ȮĽĩŅĭńĬȮėŊŀȮRg_lhglȮSlgtcpqgrw*ȮHg_lel_lȮSlgtcpqgrw*ȮRqglefs_ȮSlgtcpqgrw 

ŐĸŃŏĴŊŗŀıŇěŅĶĦŅŏĮĶňĵĭŏĪňĵĭĕƟŀĴŌĸěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĕŀĚȮ0ȮĝƞĺĚėŊŀȮĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ
0.00ȮŐĸŃȮĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02ȮŐĭƞĚœħƟŏĮƦĬȮ1ȮĔĸŋƞĴħńĚĬňŘ 

o ĔĸŋƞĴĪňŗȮ/ȮĽĩŅĭńĬĪňŗĴňĸņħńĭĽŌĚĕŉŘĬȮœħƟŐĔƞȮRg_lhglȮSlgtcpqgrw*ȮHg_lel_lȮSlgtcpqgrw*ȮRqglefs_Ȯ
Slgtcpqgrw 

o ĔĸŋƞĴĪňŗȮ0ȮĽĩŅĭńĬĪňŗĸņħńĭŏĪƞŅŏħŇĴȮœħƟŐĔƞȮSlgtcpqgrwȮmdȮA_jgdmplg_Ȯ_rȮ@cpicjcw 
o ĔĸŋƞĴĪňŗȮ1ȮĽĩŅĭńĬĴňĸņħńĭĸħĸĚȮœħƟŐĔƞȮSlgrcbȮQr_rcqȮBcn_prkclrȮmdȮClcpew*ȮK_qq_afsqcrrqȮ
GlqrgrsrcȮmdȮRcaflmjmew*ȮGkncpg_jȮAmjjcecȮJmlbml*ȮRcaflga_jȮSlgtcpqgrwȮmdȮBclk_pi 

ĞŉŗĚěŃŏľŖĬœħƟĺƞŅĴňŐĬĺőĬƟĴĽŀħėĸƟŀĚĔńĭĔŅĶĺŇŏėĶŅŃľƢŒĬĶŃħńĭĮĶŃŏĪĻȮėŊŀĔĸŋƞĴĽĩŅĭńĬĪňŗĴňŀńĬħńĭĽŌĚĕŉŘĬĴŅ
ěŅĔĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬȮĞŉŗĚĴňėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮŏĜĸňŗĵĮĶŃĴŅĦȮ/,0ȮŒĬĕĦŃĪňŗĽĩŅĭńĬĕŀĚ
ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅŐĴƟěŃĴňěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĪňŗĸħĸĚȮŐĨƞĴňėƞŅȮ
Dgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮŏĜĸňŗĵĮĶŃĴŅĦȮ0,2Ȯ+Ȯ0,6ȮȮĪńŘĚĬňŘĴňĕƟŀĽńĚŏĔĨŒĬĽĩŅĭńĬȮRcaflga_jȮSlgtcpqgrwȮmdȮ
Bclk_piȮĮĶŃŏĪĻŏħĬĴŅĶƢĔȮĞŉŗĚĝƞĺĚĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.00ȮĴňěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇěņĬĺĬȮ/62ȮŏĶŊŗŀĚȮŐĸŃ
ėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ0,.3ȮŐĸŃȮĝƞĺĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02ȮĴňěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶ
ĬŅĬŅĝŅĨŇěņĬĺĬȮ/31ȮŏĶŊŗŀĚȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ/,42ȮȮőħĵėŇħŏĮƦĬȮ50Ȯ+Ȯ53#ȮĕŀĚ
ĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĕŀĚĮĶŃŏĪĻŏħĬĴŅĶƢĔȮĞŉŗĚĔĸƞŅĺœħƟĺƞŅȮRcaflga_jȮSlgtcpqgrwȮmdȮBclk_piȮŏĮƦĬĽĩŅĭńĬ
ľĸńĔĕŀĚĮĶŃŏĪĻŏħĬĴŅĶƢĔŒĬĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ 
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ŐĸŃŏĴŊŗŀĺŇŏėĶŅŃľƢėĺŅĴŏĝŊŗŀĴőĵĚĕŀĚĽĩŅĭńĬĨƞŅĚȮŕȮħƟĺĵőĮĶŐĔĶĴȮ@g`jgmkcrpgvȮŐĭƞĚŏėĶŊŀĕƞŅĵĕŀĚĽĩŅĭńĬ
ĪňŗĴňėĺŅĴĶƞĺĴĴŊŀŀŀĔŏĮƦĬȮ0ȮĔĸŋƞĴȮőħĵİƤƧĚĞƟŅĵĪňŗĬņőħĵĽĩŅĭńĬěŅĔĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬȮœħƟŐĔƞȮRg_lhglȮSlgtcpqgrw*Ȯ
Hg_lel_lȮSlgtcpqgrw*ȮRqglefs_ȮSlgtcpqgrwȮĞŉŗĚěŃĴňėĺŅĴĶƞĺĴĴŊŀŀĵƞŅĚŒĔĸƟĝŇħĔńĭȮSlgtcpqgréȮN_pgq+Q_aj_wȮ
ĮĶŃŏĪĻİĶńŗĚŏĻĽȮŐĸŃȮAf_jkcpqȮSlgtcpqgrwȮmdȮRcaflmjmewȮĮĶŃŏĪĻĽĺňŏħĬȮŒĬĕĦŃĪňŗİƤƧĚĕĺŅĬņőħĵĽĩŅĭńĬěŅĔ
ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮœħƟŐĔƞȮSlgtcpqgrwȮmdȮA_jgdmplg_Ȯ_rȮ@cpicjcw*ȮSlgtcpqgrwȮmdȮA_jgdmplg_Ȯ_rȮQ_lȮBgcemȮ
ŐĸŃȮK_qq_afsqcrrqȮGlqrgrsrcȮmdȮRcaflmjmewȮĞŉŗĚěŃĴňėĺŅĴĶƞĺĴĴŊŀŀĵƞŅĚŒĔĸƟĝŇħĔńĭȮGkncpg_jȮAmjjcecȮJmlbml*Ȯ
SlgtcpqgrwȮmdȮCbgl`spefȮŐĸŃȮSlgtcpqgrwȮmdȮMvdmpbȮĮĶŃŏĪĻĽľĶŅĝŀŅĦŅěńĔĶȮŐĸŃĔĸŋƞĴĕŀĚĽĩŅĭńĬěŅĔĮĶŃŏĪĻ
ŏĵŀĶĴĬňőħĵěŅĔĳŅıœĴƞĴňĔŅĶĶŃĭŋĝŊŗŀĽĩŅĭńĬĪńŘĚĬňŘěŅĔĕƟŀĴŌĸħŇĭĽĩŅĭńĬěŅĔĮĶŃŏĪĻŏĵŀĶĴĬňĪňŗĴňįĸĚŅĬĺŇěńĵŏĮƦĬŀńĬħńĭ
ĨƟĬȮŕȮŏĝƞĬȮK_vȮNj_laiȮGlqrgrsrcȮmdȮKmjcasj_pȮNj_lrȮNfwqgmjmew*ȮK_vȮNj_laiȮGlqrgrsrcȮdmpȮKcbga_jȮ
Pcqc_paf*ȮK_vȮNj_laiȮGlqrgrsrcȮdmpȮRcppcqrpg_jȮKgapm`gmjmew*ȮSlgtcpqgrwȮmdȮK_p`spe*ȮPURFȮ?_afclȮ
Slgtcpqgrw*ȮRcaflga_jȮSlgtcpqgrwȮmdȮKslgafȮŐĸŃȮFcgbcj`cpeȮSlgtcpqgrwȮŐĸŃŒĬĔĸŋƞĴĬňŘĴňĚŅĬĺŇěńĵĶƞĺĴĔńĭ
ĽĩŅĭńĬŐĩĭŏŀŏĝňĵȮœħƟŐĔƞȮL_rgml_jȮSlgtcpqgrwȮmdȮQgle_nmpcȮĮĶŃŏĪĻĽŇĚėőĮĶƢȮŐĸŃȮNmf_leȮSlgtcpqgrwȮmdȮ
QagclacȮ_lbȮRcaflmjmewȮĮĶŃŏĪĻŏĔŅľĸňŒĨƟȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ0+/2Ȯ 

 
ĶŌĮĪňŗȮ0+/28ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĕŀĚĽĩŅĭńĬĪňŗĴňįĸĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ 

ħƟĺĵőĮĶŐĔĶĴȮ@g`jgmkcrpgv 
 

ŀĵƞŅĚœĶĔŖħňȮŏĴŊŗŀĩŀĵĳŅıěŅĔĶŃħńĭĽĩŅĭńĬŏĮƦĬĳŅıėĺŅĴĶƞĺĴĴŊŀĶŃħńĭĬŅĬŅĝŅĨŇȮıĭĺƞŅĪŋĔĮĶŃŏĪĻ 
ĴňįĸĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮŏĝŊŗŀĴőĵĚĔńĬȮœĴƞıĭĔŅĶŐĭƞĚĔĸŋƞĴŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮĞŉŗĚĴňĮĶŃŏĪĻ
ĽľĶńģŀŏĴĶŇĔŅȮěňĬȮŐĸŃĽľĶŅĝŀŅĦŅěńĔĶȮĪňŗŏĮƦĬįŌƟĬņŒĬĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ
`gmjmewȮĪńŘĚĬňŘıĭĮĶŃŏĪĻœĪĵŀĵŌƞŒĬĳŅıĶŃħńĭĬŅĬŅĝŅĨŇőħĵėĺŅĴĶƞĺĴĴŊŀĕŀĚœĪĵĪńŘĚĔĸŋƞĴĮĶŃŏĪĻŐĩĭĵŋőĶĮȮ
ĽľĶńģŀŏĴĶŇĔŅȮěňĬȮĠňŗĮŋƙĬȮŐĸŃŏĔŅľĸňŒĨƟȮĩŊŀœħƟĺƞŅĴňėĺŅĴĶƞĺĴĴŊŀĔĶŃěŅĵĪńŗĺőĸĔȮħńĚĶŅĵĸŃŏŀňĵħĨŅĴĶŌĮĪňŗȮ0+/3ȮŐĸŃȮ0+/4 
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ĶŌĮĪňŗȮ0+/38ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŃŏĪĻĨƞŅĚȮŕȮĪňŗĴňįĸĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ 
ħƟĺĵőĮĶŐĔĶĴȮ@g`jgmkcrpgv 

 

 
ĶŌĮĪňŗȮ0+/48ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŃŏĪĻœĪĵĔńĭĮĶŃŏĪĻĨƞŅĚȮŕ 

ȮĪňŗĴňįĸĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮħƟĺĵőĮĶŐĔĶĴȮ@g`jgmkcrpgv 
 

ŐĸŃŏĴŊŗŀıŇěŅĶĦŅěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮıĭĺƞŅĽĩŅĭńĬĕŀĚœĪĵ 
ĴňėƞŅŏĜĸňŗĵŒĬĔŅĶĨňıŇĴıƢįĸĚŅĬĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĮĶŃĴŅĦȮ/,3Ȯ+Ȯ0,/ȮŏĶŊŗŀĚĨƞŀĮƖȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮ
Gkn_arȮĴňŐĬĺőĬƟĴĸħĸĚȮěŅĔĕƟŀĴŌĸĝƞĺĚĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.00ȮĴňėƞŅŏĜĸňŗĵȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ
.,45ȮŐĸŃȮĝƞĺĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02ȮĴňėƞŅŏĜĸňŗĵȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ.,33ȮőħĵĽĩŅĭńĬĪňŗĴňĽƞĺĬĶƞĺĴ
ŒĬěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĕŀĚœĪĵȮ2ȮŀńĬħńĭŐĶĔȮ&ĝƞĺĚĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.00'ȮœħƟŐĔƞȮĴľŅĺŇĪĵŅĸńĵĴľŇħĸȮ
ěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵȮĽņĬńĔĚŅĬıńĥĬŅĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŐľƞĚĝŅĨŇȮĽĩŅĭńĬĺŇĪĵĽŇĶŇŏĴīňȮŐĸŃĴľŅĺŇĪĵŅĸńĵ
ĭŌĶıŅȮĪńŘĚĬňŘĽĩŅĭńĬœĪĵĪňŗĴňėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮĽŌĚĪňŗĴňėƞŅȮ/ȮĕŉŘĬœĮȮœħƟŐĔƞȮĴľŅĺŇĪĵŅĸńĵĴľŇħĸȮ 
ĽĩŅĭńĬĺŇĪĵĽŇĶŇŏĴīňȮŐĸŃĴľŅĺŇĪĵŅĸńĵĭŌĶıŅȮŐĸŃıĭĺƞŅĭĪėĺŅĴĺŇĝŅĔŅĶĕŀĚĴľŅĺŇĪĵŅĸńĵĭŌĶıŅĴňėĺŅĴĶƞĺĴĴŊŀĔńĭĽĩŅĭńĬ
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ĺŇĪĵĽŇĶŇŏĴīň19Ȯ20ȮĶŅĵĸŃŏŀňĵħĕƟŀĴŌĸįĸĚŅĬĨňıŇĴıƢĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮ
Agr_rgmlȮGkn_arȮĕŀĚĽĩŅĭńĬœĪĵħńĚĶŅĵĸŃŏŀňĵħĨŅĶŅĚĪňŗȮ0+/Ȯ 

ĨŅĶŅĚĪňŗȮ0+/8ȮŐĽħĚĽĩŅĭńĬœĪĵĪňŗĴňįĸĚŅĬĨňıŇĴıƢĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮsynthetic biologyȮŐĸŃ 
ėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮěŅĔģŅĬĕƟŀĴŌĸȮQagt_jȮ 

Institution 

2013-2022 2018-2024* 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking by 
Scholarly 
Output 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking by 
Scholarly 
Output 

Mahidol University 8 1.22 / 11 0.91 / 
Chulalongkorn University 7 0.77 0 7 0.8 1 
National Science and Technology 
Development Agency Thailand 6 0.52 

1 
10 0.49 

0 

Vidyasirimedhi Institute of Science 
and Technology 5 1.37 

2 
7 1.07 

1 

Burapha University 2 1.6 3 2 1.6 4 
Chiang Mai University 2 0.15 3 2 0.15 4 
Maejo University 2 0.73 3 2 0.73 4 
Silpakorn University 2 1.04 3 2 1.04 4 
Khon Kaen University 1 0.2 7 1 0.2 /. 
King Mongkut's University of 
Technology Thonburi 1 0 7 #N/A #N/A !L-? 
Mae Fah Luang University 1 0.77 7 1 0.77 /. 
Naresuan University 1 0.16 7 1 0.16 /. 
Suranaree University of Technology 1 0.2 7 1 0.2 /. 
Chulabhorn Graduate Institute #N/A #N/A !L-? 1 0 /. 
Chulabhorn Research Institute #N/A #N/A !L-? 1 0 /. 
(ȮĕƟŀĴŌĸĩŉĚŏħŊŀĬĔŋĴĳŅıńĬīƢȮ0345 

  

 
19 Pattarawan Intasian, Kridsadakorn Prakinee, Aisaraphon Phintha, Duangthip Trisrivirat, Nopphon Weeranoppanant, Thanyaporn 
Wongnate, and Pimchai Chaiyen. Enzymes, in Vivo Biocatalysis, and Metabolic Engineering for Enabling a Circular Economy and 
Sustainability. Chemical Reviews 2021 121 (17), 10367-10451 
20 Juthamas Jaroensuk, Pattarawan Intasian, Cholpisit Kiattisewee, Pobthum Munkajohnpon, Paweenapon Chunthaboon, Supacha 
Buttranon, Duangthip Trisrivirat, Thanyaporn Wongnate, Somchart Maenpuen, Ruchanok Tinikul and Pimchai Chaiyen. Addition of 
formate dehydrogenase increases the production of renewable alkane from an engineered metabolic pathway. Journal of 
Biological Chemistry 2019 294 (30), 11536 - 11548 
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ŐĸŃŏĴŊŗŀıŇěŅĶĦŅŏėĶŊŀĕƞŅĵėĺŅĴĶƞĺĴĴŊŀĕŀĚĽĩŅĭńĬœĪĵĔńĭĽĩŅĭńĬĨƞŅĚĝŅĨŇœħƟĺŇŏėĶŅŃľƢĕƟŀĴŌĸħƟĺĵ
őĮĶŐĔĶĴȮ@g`jgmkcrpgvȮıĭėĺŅĴŏĝŊŗŀĴőĵĚĪňŗĬņőħĵĴľŅĺŇĪĵŅĸńĵĴľŇħĸŐĸŃěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵȮőħĵ
ĴľŅĺŇĪĵŅĸńĵĴľŇħĸĴňėĺŅĴĶƞĺĴĴŊŀŀĵƞŅĚŒĔĸƟĝŇħĔńĭĽĩŅĭńĬĳŅĵŒĬŐĸŃĨƞŅĚĮĶŃŏĪĻȮŏĝƞĬȮĽĩŅĭńĬĺŇĪĵŅĽŇĶŇŏĴīňȮ&qafmmjȮ
mdȮ`gmkmjcasj_pȮqagclacȮ_lbȮcleglccpgle'ȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňıĶŃěŀĴŏĔĸƟŅīĬĭŋĶňȮĶŅĝĺŇĪĵŅĸńĵěŋĿŅĳĶĦƢȮ
ĽņĬńĔĚŅĬıńĥĬŅĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŐľƞĚĝŅĨŇȮ&ĽĺĪĝ,'ȮSlgtcpqgrwȮmdȮK_lafcqrcpȮŐĸŃȮ?`cpwqruwrfȮ
SlgtcpqgrwȮĽľĶŅĝŀŅĦŅěńĔĶȮȮŒĬĕĦŃĪňŗěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵĴňėĺŅĴĶƞĺĴĴŊŀĽƞĺĬĴŅĔĔńĭĽĩŅĭńĬĨƞŅĚĝŅĨŇȮŏĝƞĬȮ
SlgtcpqgrgȮNsrp_ȮK_j_wqg_ȮŐĸŃȮSlgtcpqgrgȮIc`_leq__lȮĮĶŃŏĪĻĴŅŏĸŏĞňĵȮŐĸŃȮAfsle`siȮL_rgml_jȮSlgtcpqgrwȮ
ĮĶŃŏĪĻŏĔŅľĸňŒĨƟȮĶŅĵĸŃŏŀňĵħĶŌĮĪňŗȮ0+/5ȮŀĵƞŅĚœĶĔŖĨŅĴȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭėĺŅĴĶƞĺĴĴŊŀĶŃħńĭőĸĔȮ&ĶŌĮĪňŗȮ0+/2'Ȯ 
ĩŊŀĺƞŅĽĩŅĭńĬŒĬĮĶŃŏĪĻœĪĵĴňėĺŅĴĶƞĺĴĴŊŀĔńĭĽĩŅĭńĬĨƞŅĚĝŅĨŇėƞŀĬĕƟŅĚĬƟŀĵȮ 

 

 

 

 

 

 

 

 

 
ĶŌĮĪňŗȮ2-17:ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĕŀĚĽĩŅĭńĬœĪĵŐĸŃĽĩŅĭńĬĨƞŅĚĝŅĨŇȮ 

ĪňŗĴňįĸĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮħƟĺĵőĮĶŐĔĶĴȮ@g`jgmkcrpgv 
  

B 

A 

C 

A. ĳŅıŐĽħĚėĺŅĴĶƞĺĴĴŊŀĕŀĚĽĩŅĭńĬĺŇěńĵœĪĵĪńŗĺĮĶŃŏĪĻĪňŗĴňįĸĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮsynthetic biology 

B. ĳŅıĕĵŅĵėĺŅĴĶƞĺĴĴŊŀĕŀĚŏėĶŊŀĕƞŅĵĴľŅĺŇĪĵŅĸńĵĴľŇħĸ 

C. ĳŅıĕĵŅĵėĺŅĴĶƞĺĴĴŊŀĕŀĚŏėĶŊŀĕƞŅĵěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵ 



31 

¶ ĔŅĶĺŇŏėĶŅŃľƢįŌƟŐĨƞĚĪňŗĴňĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇȮ/.ȮŀńĬħńĭŐĶĔĕŀĚőĸĔŏĮĶňĵĭŏĪňĵĭĮĶŃŏĪĻœĪĵȮ 
ěŅĔĕƟŀĴŌĸĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇőħĵŏĮĶňĵĭŏĪňĵĭĕƟŀĴŌĸȮ0ȮĝƞĺĚȮ&ĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.00Ȯ

ŐĸŃȮĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02'ȮŐĽħĚįŌƟŐĨƞĚĪňŗĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ
ĴŅĔĪňŗĽŋħȮ1/ȮŀńĬħńĭŐĶĔĕŀĚőĸĔȮŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮħńĚŐĽħĚĶŅĵĸŃŏŀňĵħ 
ĨŅĴĶŌĮĪňŗȮ0+/6ȮŐĸŃȮ0+/7 

 
ĶŌĮĪňŗȮ0+/68ȮŐĽħĚįŌƟŐĨƞĚĪňŗĴňįĸĚŅĬĨňıŇĴıƢĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ 
ĴŅĔĪňŗĽŋħȮ1/ȮŀńĬħńĭĕŀĚőĸĔȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮ 

ěŅĔģŅĬĕƟŀĴŌĸȮQagt_jȮĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./1Ȯ+Ȯ0.00 
 

 
ĶŌĮĪňŗȮ2-/78ȮŐĽħĚįŌƟŐĨƞĚĪňŗĴňįĸĚŅĬĨňıŇĴıƢĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮ 
ĴŅĔĪňŗĽŋħȮ1/ȮŀńĬħńĭĕŀĚőĸĔȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮ 

ěŅĔģŅĬĕƟŀĴŌĸȮQagt_jȮĶŃľĺƞŅĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02  
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ıĭĺƞŅĝƞĺĚĶŃĵŃŏĺĸŅȮ5ȮĮƖľĸńĚĬňŘĴňĔŅĶŐĕƞĚĕńĬĪŅĚħƟŅĬĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇėƞŀĬĕƟŅĚĽŌĚȮ 
įŌƟŐĨƞĚĪňŗĶŃĭŋȮ?dƱjg_rgmlȮěŅĔĽĩŅĭńĬŒĬĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬȮĴňŐĬĺőĬƟĴĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚ
ĔńĭȮqwlrfcrgaȮ`gmjmewȮĴňěņĬĺĬŏıŇŗĴĕŉŘĬȮĽƞĚįĸŒľƟĸņħńĭįŌƟŐĨƞĚĪňŗĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĴŅĔĪňŗĽŋħĴňĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĝńħŏěĬȮŐĸŃŏıŊŗŀĽŃĪƟŀĬĳŅıĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĸņħńĭįŌƟŐĨƞĚĪňŗĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇ
ŐĸŃėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮěŉĚŐĽħĚĶŅĵĸŃŏŀňĵħŒĬĨŅĶŅĚĪňŗȮ0+0 

ĨŅĶŅĚĪňŗȮ0+08ȮŐĽħĚįŌƟŐĨƞĚĬŅĬŅĝŅĨŇĪňŗĴňįĸĚŅĬĨňıŇĴıƢĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮsynthetic biologyȮŐĸŃ 
ėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮěŅĔģŅĬĕƟŀĴŌĸȮQagt_j 

Author Affiliation# 
Country/ 
Region 

2013 - 2022 2018 - 2024 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking by 
Scholarly 
Output 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking by 
Scholarly 
Output 

Jewett, Michael C. Stanford University United States 77 2.57 / 56 2.33 / 

Zhao, Huimin 

University of Illinois 
at Urbana-
Champaign United States 59 1.64 0 27 2.62 /3 

Keasling, Jay D. 

Technical 
University of 
Denmark Denmark 51 3 1 29 1.19 /0 

Yuan, Yingjin Tianjin University China 49 1.75 2 43 2.03 1 
Chen, Jian Jiangnan University China 47 1.51 3 34 1.45 6 
Chen, GuoQiang Tsinghua University China 46 2.35 4 32 2.19 7 
Fussenegger, 
Martin University of Basel Switzerland 46 1.79 5 22 0.71 /4 

Nikel, Pablo Iván 
Technical University 
of Denmark Denmark 45 2.09 6 46 2.05 0 

Liu, Long Jiangnan University China 43 1.41 7 42 1.39 3 

Lu, Timothy K.T. 

Massachusetts 
Institute of 
Technology United States 42 2.76 /. 17 2.04 20 

Stano, Pasquale University of Salento Italy 42 1.24 // 31 2.45 /. 

Nielsen, Jens B. 
Chalmers University 
of Technology Sweden 40 3.15 /0 16 2.13 27 

Li, Jianghua Jiangnan University China 38 1.14 /1 37 1.36 5 
Ledesma-Amaro, 
Rodrigo 

Imperial College 
London 

United 
Kingdom 37 2.02 /2 38 2.07 4 

Freemont, Paul S. 
Imperial College 
London 

United 
Kingdom 35 1.54 /3 19 1.55 11 
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Author Affiliation# 
Country/ 
Region 

2013 - 2022 2018 - 2024 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking by 
Scholarly 
Output 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking by 
Scholarly 
Output 

Lee, Sang Yup 

Korea Advanced 
Institute of Science 
and Technology South Korea 35 3.06 /4 22 2.66 /5 

Faulon, Jean 
Loup M. 

Université Paris-
Saclay France 34 1.79 /5 21 1.98 00 

De Lorenzo 
Prieto, Víctor CSIC Spain 33 1.85 /6 20 1.99 04 

Jung, Gyoo Yeol 

Pohang University of 
Science and 
Technology South Korea 33 1.44 /7 17 1.01 2/ 

Noireaux, Vincent 

University of 
Minnesota Twin 
Cities United States 33 2.87 0. 16 2.23 3. 

Alper, Hal S. 
University of Texas 
at Austin United States 32 1.91 0/ 19 1.64 1/ 

Du, Guocheng Jiangnan University China 32 1.14 00 42 1.31 2 
Collins, James J. Harvard University United States 31 5.82 01 21 5.04 0/ 
Koffas, Mattheos 
A.G. 

Rensselaer 
Polytechnic Institute United States 30 2.33 02 15 1.28 33 

Voigt, Christopher 
A. 

Massachusetts 
Institute of 
Technology United States 30 3.16 03 22 3.26 0. 

Zhao, Guangrong Tianjin University China 30 1.63 04 28 1.57 /2 

Carbonell, Pablo J. 

Polytechnic 
University of 
Valencia Spain 29 1.64 05 16 1.89 23 

Ellis, Tom W. 
Imperial College 
London 

United 
Kingdom 29 2.06 06 17 2.18 15 

Lu, Yuan Tsinghua University China 28 0.8 07 28 0.75 /1 

Takano, Eriko 
University of 
Manchester 

United 
Kingdom 28 1.28 1. 20 1.01 07 

Huang, Luqi 

China Academy of 
Chinese Medical 
Sciences China 27 1.34 1/ 16 1.81 24 

(ĕƟŀĴŌĸĩŉĚŏħŊŀĬĔŋĴĳŅıńĬīƢȮ0345 
!Ȯ?dƱjg_rgmlȮĶŃĭŋĨŅĴįĸĚŅĬĨňıŇĴıƢŒĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇ 
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ŐĸŃŏĴŊŗŀıŇěŅĶĦŅěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮ
Gkn_arȮŐĭƞĚĔĸŋƞĴįŌƟŐĨƞĚŏĮƦĬȮ3ȮĔĸŋƞĴ 

o ĔĸŋƞĴĪňŗȮ/8ȮįŌƟŐĨƞĚĪňŗĴňĸņħńĭĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇȮŏıŇŗĴĕŉŘĬȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮ
Agr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ0ȮĕŉŘĬœĮ 
/' Lgicj*ȮN_`jmȮGtál*ȮRcaflga_jȮSlgtcpqgrwȮmdȮBclk_pi*ȮBclk_pi 
0' Jcbcqk_+?k_pm*ȮPmbpgem*ȮGkncpg_jȮAmjjcecȮJmlbml*ȮSlgrcbȮIglebmk 
1' Ws_l*ȮWglehgl*ȮRg_lhglȮSlgtcpqgrw*ȮAfgl_ 
2' Tmger*ȮAfpgqrmnfcpȮ?,*ȮK_qq_afsqcrrqȮGlqrgrsrcȮmdȮRcaflmjmew*ȮSlgrcbȮQr_rcq 
3' Amjjglq*ȮH_kcqȮH,*ȮF_pt_pbȮSlgtcpqgrw*ȮSlgrcbȮQr_rcq 

o ĔĸŋƞĴĪňŗȮ08ȮįŌƟŐĨƞĚĪňŗĴňĸņħńĭĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇȮėĚĪňŗȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮ
Agr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ0ȮĕŉŘĬœĮ 
/' Hcucrr*ȮKgaf_cjȮA,*ȮQr_ldmpbȮSlgtcpqgrw*ȮSlgrcbȮQr_rcq 
0' Qr_lm*ȮN_qos_jc*ȮSlgtcpqgrwȮmdȮQ_jclrm*ȮGr_jw 

o ĔĸŋƞĴĪňŗȮ18ȮįŌƟŐĨƞĚĪňŗĴňĸņħńĭĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇȮĸħĸĚȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮ
Agr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ0ȮĕŉŘĬœĮ 
/' Xf_m*ȮFsgkgl*ȮSlgtcpqgrwȮmdȮGjjglmgqȮ_rȮSp`_l_+Af_kn_gel*ȮSlgrcbȮQr_rcq 
0' Ic_qjgle*ȮH_wȮB,*ȮRcaflga_jȮSlgtcpqgrwȮmdȮBclk_pi*ȮBclk_pi 
1' Afcl*ȮEsmOg_le*ȮRqglefs_ȮSlgtcpqgrw*ȮAfgl_ 
2' Js*ȮRgkmrfwȮI,R,*ȮK_qq_afsqcrrqȮGlqrgrsrcȮmdȮRcaflmjmew*ȮSlgrcbȮQr_rcq 
3' Lgcjqcl*ȮHclqȮ@,*ȮAf_jkcpqȮSlgtcpqgrwȮmdȮRcaflmjmew*ȮQucbcl 
6) Jcc*ȮQ_leȮWsn*ȮImpc_Ȯ?bt_lacbȮGlqrgrsrcȮmdȮQagclacȮ_lbȮRcaflmjmew*ȮQmsrfȮImpc_ 
5' Lmgpc_sv*ȮTglaclr*ȮSlgtcpqgrwȮmdȮKgllcqmr_ȮRuglȮAgrgcq*ȮSlgrcbȮQr_rcq 
6' Cjjgq*ȮRmkȮU,*ȮGkncpg_jȮAmjjcecȮJmlbml*ȮSlgrcbȮIglebmk 
7' Imdd_q*ȮK_rrfcmqȮ?,E,*ȮPclqqcj_cpȮNmjwrcaflgaȮGlqrgrsrc*ȮSlgrcbȮQr_rcq 

o ĔĸŋƞĴĪňŗȮ28ȮįŌƟŐĨƞĚĪňŗĴňĸņħńĭĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇȮŏıŇŗĴĕŉŘĬȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮ
Agr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ/ȮĕŉŘĬœĮ 
/' Jgs*ȮJmle*ȮHg_lel_lȮSlgtcpqgrw*ȮAfgl_ 
0' Jg*ȮHg_lefs_*ȮHg_lel_lȮSlgtcpqgrw*ȮAfgl_ 
1' Bs*ȮEsmafcle*ȮHg_lel_lȮSlgtcpqgrw*ȮAfgl_ 
2' Xf_m*ȮEs_lepmle*ȮRg_lhglȮSlgtcpqgrw*ȮAfgl_ 
3' R_i_lm*ȮCpgim*ȮSlgtcpqgrwȮmdȮK_lafcqrcp*ȮSlgrcbȮIglebmk 

o ĔĸŋƞĴĪňŗȮ38ȮįŌƟŐĨƞĚĪňŗĴňĸņħńĭĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇȮĸħĸĚȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮ
Agr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ/ȮĕŉŘĬœĮ 
/' Afcl*ȮHg_l*ȮHg_lel_lȮSlgtcpqgrw*ȮAfgl_ 
0' Dsqqclceecp*ȮK_prgl*ȮSlgtcpqgrwȮmdȮ@_qcj*ȮQugrxcpj_lb 
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1' Dpcckmlr*ȮN_sjȮQ,*ȮGkncpg_jȮAmjjcecȮJmlbml*ȮSlgrcbȮIglebmk 
2' D_sjml*ȮHc_lȮJmsnȮK,*ȮSlgtcpqgréȮN_pgq+Q_aj_w*ȮDp_lac 
3' BcȮJmpclxmȮNpgcrm*ȮTíarmp*ȮAQGA*ȮQn_gl 
4' Hsle*ȮEwmmȮWcmj*ȮNmf_leȮSlgtcpqgrwȮmdȮQagclacȮ_lbȮRcaflmjmew*ȮQmsrfȮImpc_ 
5' ?jncp*ȮF_jȮQ,*ȮSlgtcpqgrwȮmdȮRcv_qȮ_rȮ?sqrgl*ȮSlgrcbȮQr_rcq 
6' A_p`mlcjj*ȮN_`jmȮH,*ȮNmjwrcaflgaȮSlgtcpqgrwȮmdȮT_jclag_*ȮQn_gl 
7' Fs_le*ȮJsog*ȮAfgl_Ȯ?a_bckwȮmdȮAfglcqcȮKcbga_jȮQagclacq*ȮAfgl_ 

ěŃŏľŖĬœħƟĺƞŅįŌƟŐĨƞĚĪňŗĴňĪńŘĚįĸĚŅĬĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇŏıŇŗĴĕŉŘĬŐĸŃĴňėƞŅȮDgcjb+UcgefrcbȮ
Agr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ0ȮĕŉŘĬœĮȮěŃŏĮƦĬįŌƟŐĨƞĚĪňŗĶŃĭŋȮ?dƱjg_rgmlȮĪńŘĚěŅĔİƤƧĚĵŋőĶĮŐĸŃěňĬȮŒĬĕĦŃĪňŗįŌƟŐĨƞĚĪňŗĶŃĭŋȮ
?dƱjg_rgmlȮĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅĽƞĺĬĴŅĔěŃĴňĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĸħĸĚȮŐĨƞĵńĚėĚĶŃħńĭėƞŅȮDgcjb+
UcgefrcbȮAgr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ0ȮĕŉŘĬœĮȮŐĸŃŏĮƦĬĔĸŋƞĴįŌƟŐĨƞĚĪňŗĴňėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮĽŌĚĪňŗĽŋħȮ
ŏĝƞĬȮAmjjglq*ȮH_kcqȮH,*ȮF_pt_pbȮSlgtcpqgrwȮĴňėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮĝƞĺĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02Ȯ
ŏĪƞŅĔńĭȮ3,.2ȮĕĦŃĪňŗįŌƟŐĨƞĚĪňŗĶŃĭŋȮ?dƱjg_rgmlȮĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬȮěņĬĺĬĴŅĔŐĴƟěŃĴňĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶ
ĬŅĬŅĝŅĨŇĴŅĔĕŉŘĬŐĨƞėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮĝƞĺĚĮƖȮė,Ļ,Ȯ0./6Ȯ+Ȯ0.02ȮěŃĮĶŃĴŅĦȮ/,1Ȯ+Ȯ/,3ȮĞŉŗĚ
ĽŀħėĸƟŀĚĔńĬŒĬĴŇĨŇĕŀĚĮĶŃŏĪĻŐĸŃĽĩŅĭńĬȮŀĵƞŅĚœĶĔŖħňĵńĚĴňĮƤěěńĵĨƞŅĚȮŕȮŏĕƟŅĴŅŏĔňŗĵĺĕƟŀĚȮŏĝƞĬȮĝƞĺĚȮa_pccpȮĕŀĚįŌƟŐĨƞĚȮ
őħĵĝƞĺĚĶŃĵŃŏĺĸŅĪňŗĬņĴŅıŇěŅĶĦŅŀŅěŏĮƦĬĝƞĺĚĮĸŅĵĕŀĚȮa_pccpȮȮĴňĔŅĶȮqngl+mddȮěŅĔĽĩŅĭńĬőħĵĬņįĸĚŅĬĺŇěńĵœĮĽŌƞŏĝŇĚ
ıŅĦŇĝĵƢľĶŊŀįŌƟŐĨƞĚĶńĭĨņŐľĬƞĚĭĶŇľŅĶȮĔŖŀŅěĽƞĚįĸĨƞŀĔŅĶĨňıŇĴıƢįĸĚŅĬȮ 

ĪńŘĚĬňŘĴňĕƟŀĽńĚŏĔĨĨƞŀĔŅĶĶŃĭŋȮ?dƱjg_rgmlȮĕŀĚįŌƟŐĨƞĚȮŏĝƞĬȮIc_qjgle*ȮH_wȮB,ȮĴňĮĶŃĺńĨŇĔŅĶĶŃĭŋȮ?dƱjg_rgmlȮ
ĝƞĺĚĪĻĺĶĶļĪňŗȮ/7ȮĩŉĚĮƖȮė,Ļ,Ȯ0.02ȮħńĚĬňŘ 

o /771ȮůȮ0.02 SlgtcpqgrwȮmdȮA_jgdmplg_*Ȯ@cpicjcw 
o 0...ȮůȮ0.02 SlgtcpqgrwȮmdȮA_jgdmplg_*ȮQ_lȮDp_lagqam 
o 0..2ȮůȮ0.02 J_upclacȮ@cpicjcwȮL_rgml_jȮJ_`mp_rmpw 
o 0..4ȮůȮ0.02 A_jgdmplg_ȮGlqrgrsrcȮdmpȮOs_lrgr_rgtcȮ@gmqagclacq 
o 0..6ȮůȮ0.02 HmglrȮ@gmClcpewȮGlqrgrsrcȮ&3663ȮFmjjgqȮQr,Ȯ2rfȮDjmmp*ȮCkcpwtgjjc*ȮA?*Ȯ 

SlgrcbȮQr_rcq' 
o 0./2ȮůȮ0.02 RfcȮLmtmȮLmpbgqiȮDmslb_rgmlȮAclrcpȮdmpȮ@gmqsqr_gl_`gjgrw 
o 0./2ȮůȮ0.02 Rcaflga_jȮSlgtcpqgrwȮmdȮBclk_pi 
o 0./6ȮůȮ0.02 QfclxfclȮGlqrgrsrcqȮdmpȮ?bt_lacbȮRcaflmjmegcq 
o 0./7ȮůȮ0.02 QfclxfclȮGlqrgrsrcȮmdȮ?bt_lacbȮRcaflmjmew 
o 0.0.ȮůȮ0.02 AfglcqcȮ?a_bckwȮmdȮQagclacq 
o 0.01  Q_lbg_ȮL_rgml_jȮJ_`mp_rmpgcq*ȮA_jgdmplg_ 
o 0.01  Ecmpeg_ȮRcafȮQfclxfclȮGlqrgrsrc 
o 0.00  QfclxfclȮSlgtcpqgrw 
o 0.0.  RfcȮEmmbȮDmmbȮGlqrgrsrc 
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o 0./5ȮůȮ0./7 BMCȮ?egjcȮ@gmDmslbpwȮ&amlqmprgskȮmdȮqctclȮS,Q,ȮBcn_prkclrȮmdȮClcpewȮ
&BMC'Ȯl_rgml_jȮj_`mp_rmpgcq' 

o 0..3ȮůȮ0./6 QwlrfcrgaȮ@gmjmewȮGlqrgrsrcȮ&0...ȮA_pjcrmlȮQrpccrȮ!Ȯ0062*Ȯ@cpicjcw*Ȯ 
A?*ȮSlgrcbȮQr_rcq' 

ŐĬĺőĬƟĴėĺŅĴĶƞĺĴĴŊŀĪŅĚĺŇĝŅĔŅĶŏĔŇħĔŅĶĕĵŅĵœĮĪńŗĺőĸĔőħĵĔĸœĔľĬŉŗĚėŊŀĔŅĶŏĝŇĠŒľƟħņĶĚĨņŐľĬƞĚȮ
visiting professor ħńĚĬńŘĬĕƟŀėĺĶĶŃĺńĚŒĬĔŅĶĺŇŏėĶŅŃľƢįŌƟŐĨƞĚŐĸŃĽĩŅĭńĬėĺĶıŇěŅĶĦŅĽŀĭĪĺĬĕƟŀĴŌĸĨƟĬĽńĚĔńħĕŀĚ 
įŌƟŐĨƞĚŀňĔħƟĺĵȮ 

ĽņľĶńĭĮĶŃŏĪĻœĪĵįŌƟŐĨƞĚĪňŗőħħŏħƞĬĪńŘĚěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇŐĸŃėƞŅȮField-Weighted 
Citation ImpactȮœħƟŐĔƞȮėĦŃįŌƟĺŇěńĵěŅĔĽĩŅĭńĬĺŇĪĵĽŇĶŇŏĴīňȮĞŉŗĚĬņőħĵȮĻ,ȮħĶ,ȮıŇĴıƢŒěȮŒěŏĵŖĬȮĞŉŗĚĴňŏėĶŊŀĕƞŅĵėĺŅĴĶƞĺĴĴŊŀ
ĔńĭľĸŅĔľĸŅĵĴľŅĺŇĪĵŅĸńĵȮŏĝƞĬȮ 

¶ ĶĻ,ȮħĶ,ȮĽĴĝŅĨŇȮŐĴƞĬĮƘĬ ĳŅėĺŇĝŅĝňĺŏėĴňȮėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵĭŌĶıŅ  

¶ ĶĻ,ȮħĶ,ȮĶńĝĬĔȮĨŇĬŇĔŋĸȮĳŅėĺŇĝŅĝňĺŏėĴňȮėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵĴľŇħĸȮ 

¶ įĻ,ȮħĶ,ȮĳŅĬŋȮıŇĴıƢĺŇĶŇĵŃĔŋĸȮĳŅėĺŇĝŅĝňĺŏėĴňȮėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢ 

¶ ėŋĦőĽĳŅıĶĶĦȮĶńĨĬĮĶŃıńĬīƢıĶȮĬńĔĺŇěńĵĝņĬŅĠĔŅĶȮľƟŀĚĮĢŇĭńĨŇĔŅĶŏĪėőĬőĸĵňĝňĺĳŅıȮ
ĽĩŅĭńĬĺŇěńĵěŋĿŅĳĶĦƢ 

ĨŅĶŅĚĪňŗȮ0+18ȮŐĽħĚįŌƟŐĨƞĚœĪĵĪňŗĴňįĸĚŅĬĨňıŇĴıƢĬŅĬŅĝŅĨŇĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮŐĸŃ 
ėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮěŅĔģŅĬĕƟŀĴŌĸȮQagt_jȮ 

Author Affiliation 
Country/ 
Region 

2013 - 2022 2018 - 2024* 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Chaiyen, Pimchai 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand 5 1.37 / 7 1.07 / 

Intasian, Pattarawan 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand 3 1.2 0 3 1.2 1 

Wongnate, 
Thanyaporn 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand 3 1.51 0 3 1.51 1 

Champreda, Verawat 

National Science 
and Technology 
Development 
Agency Thailand Thailand 2 0.71 2 3 0.59 1 
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Author Affiliation 
Country/ 
Region 

2013 - 2022 2018 - 2024* 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Incharoensakdi, Aran 
Chulalongkorn 
University Thailand 2 1.13 2 2 1.13 // 

Jaroensuk, Juthamas 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand 2 0.61 2 3 0.41 1 

Pattharaprachayakul, 
Napisa 

Chulalongkorn 
University Thailand 2 1.13 2 2 1.13 // 

Runguphan, 
Weerawat 

National Science 
and Technology 
Development 
Agency Thailand Thailand 2 0.16 2 3 0.22 1 

Tinikul, Ruchanok 
Mahidol 
University Thailand 2 1.07 2 3 0.93 1 

Trisrivirat, Duangthip 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand 2 1.6 2 3 1.28 1 

Vangnai, Alisa S. 
Chulalongkorn 
University Thailand 2 0.88 2 #N/A #N/A !L-? 

Abdulrachman, 
Dede 

Mahidol 
University Thailand 1 0.9 /0 1 0.9 00 

Akeratchatapan, 
Nattanon 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand 1 0.42 /0 2 0.21 // 

Anantayanon, 
Jutamas 

National Science 
and Technology 
Development 
Agency Thailand Thailand 1 1.18 /0 2 0.59 // 

Buttranon, Supacha 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand 1 0.8 /0 1 0.8 00 

Chantaraamporn, 
Juthamard 

Chulabhorn 
Research Institute Thailand 1 0.2 /0 1 0.2 00 

Chantasingh, Duriya 
National Science 
and Technology Thailand 1 0.9 /0 1 0.9 00 
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Author Affiliation 
Country/ 
Region 

2013 - 2022 2018 - 2024* 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Development 
Agency Thailand 

Charoensawan, 
Varodom 

Mahidol 
University Thailand 1 0.2 /0 1 0.2 00 

Cheevadhanarak, 
Supapon 

King Mongkut's 
University of 
Technology 
Thonburi Thailand 1 0 /0 #N/A #N/A !L-? 

Chunthaboon, 
Paweenapon 

Mahidol 
University Thailand 1 0.8 /0 1 0.8 00 

Chutrakul, Chanikul 

National Science 
and Technology 
Development 
Agency Thailand Thailand 1 1.18 /0 2 0.59 // 

Det-Udom, 
Rachatida 

Chulalongkorn 
University Thailand 1 0.69 /0 1 0.69 00 

Eurwilaichitr, Lily 

National Science 
and Technology 
Development 
Agency Thailand Thailand 1 0.9 /0 1 0.9 00 

Jeennor, Sukanya 

National Science 
and Technology 
Development 
Agency Thailand Thailand 1 1.18 /0 2 0.59 // 

Kaewkamnerdpong, 
Boonserm 

King Mongkut's 
University of 
Technology 
Thonburi Thailand 1 0 /0 #N/A #N/A !L-? 

Kesornpun, Chatchai 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand 1 0.42 /0 2 0.21 // 

Khongfak, Supat 
Naresuan 
University Thailand 1 0.16 /0 1 0.16 00 

Kiattisewee, 
Cholpisit 

University of 
Washington 

United 
States 1 0.8 /0 1 0.8 00 

Kittipanukul, 
Narongyot 

Vidyasirimedhi 
Institute of Thailand 1 0.42 /0 2 0.21 // 
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Author Affiliation 
Country/ 
Region 

2013 - 2022 2018 - 2024* 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Science and 
Technology 

Kocharin, Kanokarn 

National Science 
and Technology 
Development 
Agency Thailand Thailand 1 0 /0 1 0 00 

Kruasuwan, Worarat 
Mahidol 
University Thailand 1 0.16 /0 1 0.16 00 

Kunthalert, 
Duangkamol 

Naresuan 
University Thailand 1 0.16 /0 1 0.16 00 

Laoteng, Kobkul 

National Science 
and Technology 
Development 
Agency Thailand Thailand 1 1.18 /0 4 0.67 0 

Leungtongkam, 
Udomluk 

Naresuan 
University Thailand 1 0.16 /0 1 0.16 00 

Maenpuen, 
Somchart 

Burapha 
University Thailand 1 0.8 /0 1 0.8 00 

Meechai, Asawin 

King Mongkut's 
University of 
Technology 
Thonburi Thailand 1 0 /0 #N/A #N/A !L-? 

Munkajohnpon, 
Pobthum 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand 1 0.8 /0 1 0.8 00 

Nguantad, Sarintip 
Mahidol 
University Thailand 1 0.2 /0 1 0.2 00 

Nihira, Takuya Osaka University Japan 1 1.19 /0 1 1.19 00 

Panchanawaporn, 
Sarocha 

National Science 
and Technology 
Development 
Agency Thailand Thailand 1 1.18 /0 2 0.59 // 

Pathom-Aree, Wasu 
Chiang Mai 
University Thailand 1 0 /0 1 0 00 

Phintha, Aisaraphon 
Vidyasirimedhi 
Institute of Thailand 1 2.39 /0 1 2.39 00 
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Country/ 
Region 

2013 - 2022 2018 - 2024* 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Science and 
Technology 

Phumikhet, 
Pongphannee 

Mahidol 
University Thailand 1 0.2 /0 1 0.2 00 

Pimviriyakul, Panu 
Kasetsart 
University Thailand 1 1.33 /0 1 1.33 00 

Pooalai, Renuka 
Naresuan 
University Thailand 1 0.16 /0 1 0.16 00 

Pootanakit, Kusol 
Mahidol 
University Thailand 1 0.9 /0 1 0.9 00 

Prakinee, 
Kridsadakorn 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand 1 2.39 /0 1 2.39 00 

Prakitchaiwattana, 
Cheunjit J. 

Chulalongkorn 
University Thailand 1 0.69 /0 1 0.69 00 

Pughazhendi, 
Arivalagan Maejo University Thailand 1 0.78 /0 1 0.78 00 
Ramaraj, 
Rameshprabu Maejo University Thailand 1 0.68 /0 1 0.68 00 

Sae-Tang, Kittapong 

National Science 
and Technology 
Development 
Agency Thailand Thailand 1 0.33 /0 1 0.33 00 

Sattayawat, Pachara 
Chiang Mai 
University Thailand 1 0 /0 1 0 00 

Sirawaraporn, 
Worachart 

Mahidol 
University Thailand 1 1.87 /0 #N/A #N/A !L-? 

Sirikantaramas, 
Supaart 

Chulalongkorn 
University Thailand 1 0.37 /0 1 0.37 00 

Sitthisak, Sutthirat 
Naresuan 
University Thailand 1 0.16 /0 1 0.16 00 

Suwanmajo, 
Thapanar 

Chiang Mai 
University Thailand 1 0.3 /0 1 0.3 00 

Tanapongpipat, 
Sutipa 

National Science 
and Technology 
Development 
Agency Thailand Thailand 1 0.33 /0 1 0.33 00 
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Author Affiliation 
Country/ 
Region 

2013 - 2022 2018 - 2024* 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Scholarly 
Output 
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Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Techo, Todsapol 
Mahidol 
University Thailand 1 0.2 /0 1 0.2 00 

Tencomnao, Tewin 
Chulalongkorn 
University Thailand 1 0.27 /0 1 0.27 00 

Thaiprasit, Jittrawan 

King Mongkut's 
University of 
Technology 
Thonburi Thailand 1 0 /0 #N/A #N/A !L-? 

Thummeepak, 
Rapee 

Naresuan 
University Thailand 1 0.16 /0 1 0.16 00 

Unpaprom, Yuwalee Maejo University Thailand 1 0.68 /0 1 0.68 00 

Usaku, Chonlatep 
Silpakorn 
University Thailand 1 0.74 /0 1 0.74 00 

Waraho-Zhmayev, 
Dujduan 

King Mongkut's 
University of 
Technology 
Thonburi Thailand 1 0 /0 #N/A #N/A !L-? 

Wattanasuepsin, 
Watsapon 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand 1 0.42 /0 1 0.42 00 

Weeranoppanant, 
Nopphon 

Burapha 
University Thailand 1 2.39 /0 1 2.39 00 

Wilairatana, Polrat 
Mahidol 
University Thailand 1 1.06 /0 1 1.06 00 

Zhang, Shiyu 

CAS - Kunming 
Institute of 
Botany China 1 0.77 /0 1 0.77 00 

Vongsangnak, 
Wanwipa 

Kasetsart 
University Thailand #N/A #N/A !L-? 3 0.5 1 

Raethong, Nachon 
Kasetsart 
University Thailand #N/A #N/A !L-? 2 0.74 // 

Thananusak, Roypim 
Kasetsart 
University Thailand #N/A #N/A !L-? 2 0.74 // 

Atichartpongkul, 
Sopapan 

Chulabhorn 
Research Institute Thailand #N/A #N/A !L-? 1 0 00 
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Author Affiliation 
Country/ 
Region 

2013 - 2022 2018 - 2024* 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Scholarly 
Output 

Field-
Weighted 
Citation 
Impact 

Ranking 
by 

Scholarly 
Output 

Bolaños-Martínez, 
Omayra Citlalli 

Universidad 
Autonoma de San 
Luis Potosi Mexico #N/A #N/A !L-? 1 1.04 00 

Cheawchanlertfa, 
Pattsarun 

Kasetsart 
University Thailand #N/A #N/A !L-? 1 0 00 

Chinantuya, 
Wachirawit 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand #N/A #N/A !L-? 1 0 00 

Fuangthong, 
Mayuree 

Chulabhorn 
Research Institute Thailand #N/A #N/A !L-? 1 0 00 

Koffas, Mattheos 
A.G. 

Rensselaer 
Polytechnic 
Institute 

United 
States #N/A #N/A !L-? 1 1.49 00 

Malla, Ashwini Ltd. - #N/A #N/A !L-? 1 1.04 00 
Napathorn, Suchada 
Chanprateep 

Chulalongkorn 
University Thailand #N/A #N/A !L-? 1 0.95 00 

Phatinuwat, 
Kamonwan 

Chulabhorn 
Graduate Institute Thailand #N/A #N/A !L-? 1 0 00 

Phonbuppha, Jittima 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand #N/A #N/A !L-? 1 0 00 

Pongtharangkul, 
Thunyarat 

Mahidol 
University Thailand #N/A #N/A !L-? 1 0 00 

Prabhakaran, 
Pranesha 

Shandong 
University of 
Technology China #N/A #N/A !L-? 1 0 00 

Rattanaporn, 
Kittipong 

Kasetsart 
University Thailand #N/A #N/A !L-? 1 0 00 

Sutthaphirom, 
Chalermroj 

Vidyasirimedhi 
Institute of 
Science and 
Technology Thailand #N/A #N/A !L-? 1 0 00 

Vimolmangkang, 
Sornkanok 

Chulalongkorn 
University Thailand #N/A #N/A !L-? 1 1.04 00 

(ĕƟŀĴŌĸĩŉĚŏħŊŀĬĔŋĴĳŅıńĬīƢȮ0345 
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ěŅĔĔŅĶıŇěŅĶĦŅėĺŅĴĽńĴıńĬīƢĕŀĚįŌƟŐĨƞĚĝŅĺœĪĵħƟĺĵőĮĶŐĔĶĴȮ@g`jgmkcrpgvȮıĭĔĸŋƞĴįŌƟŐĨƞĚĝŅĺœĪĵ
ĔĶŃěŅĵĨńĺŏĮƦĬȮ/.ȮĔĸŋƞĴőħĵĔĸŋƞĴŒľĠƞŀńĬħńĭĪňŗȮ/ȮŏĮƦĬĔĸŋƞĴĪňŗĬņőħĵȮĻ,ȮħĶ,ȮıŇĴıƢŒěȮŒěŏĵŖĬȮĽĩŅĭńĬĺŇĪĵĽŇĶŇŏĴīňȮ 
ĔĸŋƞĴŀńĬħńĭĪňŗȮ0ȮĬņőħĵȮħĶ,ȮĔŀĭĔŋĸȮŏľĸƞŅŏĪƟĚȮĻŌĬĵƢıńĬīŋĺŇĻĺĔĶĶĴŐĸŃŏĪėőĬőĸĵňĝňĺĳŅıŐľƞĚĝŅĨŇȮĽņĬńĔĚŅĬıńĥĬŅ
ĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŐľƞĚĝŅĨŇȮŐĸŃĔĸŋƞĴĪňŗȮ1ȮĬņőħĵȮħĶ,ȮĺňĶŃĺńĥĬƢȮŐĝƞĴĮĶňħŅȮĻŌĬĵƢıńĬīŋĺŇĻĺĔĶĶĴŐĸŃ
ŏĪėőĬőĸĵňĝňĺĳŅıŐľƞĚĝŅĨŇȮĽņĬńĔĚŅĬıńĥĬŅĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŐľƞĚĝŅĨŇȮħńĚĶŅĵĸŃŏŀňĵħŐĽħĚĨŅĴĶŌĮĪňŗȮ0+0. 

 

 
ĶŌĮĪňŗȮ0+0.8ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĕŀĚįŌƟŐĨƞĚœĪĵĪňŗĴňįĸĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮ 

qwlrfcrgaȮ`gmjmewȮħƟĺĵőĮĶŐĔĶĴȮ@g`jgmkcrpgv 
 

ěŅĔĕƟŀĴŌĸėĺŅĴıĶƟŀĴĪŅĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĝŇĚŏĮĶňĵĭŏĪňĵĭĮĶŃŏĪĻœĪĵȮ 
&ĶŌĮĪňŗȮ0+0/'ȮĔńĭĬŅĬŅĝŅĨŇȮ&ĶŌĮĪňŗȮ0+3Ȯ+Ȯ0+7'ȮŒĬĴŇĨŇŏĪėőĬőĸĵňȮĮĶŃŏĪĻœĪĵĴňįĸĚŅĬĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇ 
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮŒĬĴŋĴĕŀĚȮkcr_`mjgaȮcleglccpgleȮĞŉŗĚŏĮƦĬģŅĬŀĚėƢėĺŅĴĶŌƟĪňŗĽņėńĠĽņľĶńĭ 
ĔŅĶĨƞŀĵŀħĕŀĚȮqwlrfcrgaȮ`gmjmewȮŐĨƞĵńĚœĴƞıĭĔŅĶĺŇěńĵĪňŗıńĥĬŅŏėĶŊŗŀĚĴŊŀȮ&rmmjq'ȮŏľĴŊŀĬĔńĭĶŃħńĭĬŅĬŅĝŅĨŇĪňŗĬņȮ
eclcȮagpasgr*ȮeclmkcȮcbgrgleȮŐĸŃȮĔĸŋƞĴȮamknsr_rgml_jȮ`gmjmewȮŏĝƞĬȮbccnȮjc_plgleȮŐĸŃȮ?GȮȮĴŅŒĝƟŏĮƦĬŏėĶŊŗŀĚĴŊŀ
ŒĬĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚȮfmqrȮacjjȮ 
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ĶŌĮĪňŗȮ0+0/8ȮŐĽħĚėĺŅĴĽńĴıńĬīƢȮqwlrfcrgaȮ`gmjmewȮĔńĭĔĸŋƞĴȮrmngaȮĪňŗĴňĔŅĶĨňıŇĴıƢĭĪėĺŅĴőħĵįŌƟŐĨƞĚĝŅĺœĪĵ 
őħĵŒĝƟĲƤĚĔƢĝńĬȮėņĻńıĪƢĶƞĺĴȮ&am+maasppclac' 

 
ŀĵƞŅĚœĶĔŖĨŅĴįŌƟŐĨƞĚĝŅĺœĪĵŐĽħĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟŒĬĔĸŋƞĴĕŀĚȮ`gmdscj*Ȯl_rsp_jȮnpmbsarȮŐĸŃȮ`gma_r_jwqrȮ

ħńĚĶŅĵĸŃŏŀňĵħĨŅĴĶŌĮĪňŗȮ0+0/ȮȮŒĬĕĦŃĪňŗĮĶŃĵŋĔĨƢŒĝƟĚŅĬĺŇěńĵĪŅĚħƟŅĬȮqwlrfcrgaȮ`gmjmewȮĶŃħńĭĬŅĬŅĝŅĨŇėĦŃįŌƟĻŉĔļŅ 
ĬņĕƟŀĴŌĸĔŅĶŀƟŅĚŀŇĚĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇőħĵĽŇĪīŇĭńĨĶȮěŅĔģŅĬĕƟŀĴŌĸȮQagt_jȮŏıŊŗŀŏĝŊŗŀĴőĵĚĔŅĶĬņĚŅĬĺŇěńĵħƟŅĬĬňŘ 
œĮĽŌƞĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮőħĵŐĭƞĚĔĸŋƞĴœħƟħńĚĬňŘ 

ĔĸŋƞĴĪňŗȮ/ȮĔŅĶŏĔļĨĶȮĨńĺŀĵƞŅĚĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗĩŌĔŀƟŅĚŀŇĚőħĵĽŇĪīŇĭńĨĶ 

¶ APGQNP-A_qȮEclmkcȮCbgrgleȮ_lbȮNpcagqgmlȮNj_lrȮ@pccbgleȮglȮ?epgasjrspc*Ȯ?llsȮPctȮ
Nj_lrȮ@gmj,ȮȮ0./7Ȯ?npȮ0785.8445+475, 

ĔĸŋƞĴĪňŗȮ0ȮĔŅĶŐıĪĵƢȮĨńĺŀĵƞŅĚĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗĩŌĔŀƟŅĚŀŇĚőħĵĽŇĪīŇĭńĨĶ 

¶ CleglccpgleȮA?P+RȮAcjjqȮdmpȮLcvr+Eclcp_rgmlȮA_lacpȮRfcp_nw*ȮA_lacpȮAcjj,Ȯ0.0.ȮMarȮ
/0916&2'8251+266, 

¶ EclcrgaȮGl_argt_rgmlȮmdȮAB11ȮglȮFck_rmnmgcrgaȮQrckȮAcjjqȮrmȮCl_`jcȮA?PȮRȮAcjjȮ
Gkkslmrfcp_nwȮdmpȮ?asrcȮKwcjmgbȮJcsickg_,ȮAcjj,Ȯ0./6ȮK_wȮ1/9/51&4'8/217+/231,c/7, 

¶ BcagnfcpgleȮkgapm`g_jȮglrcp_argmlqȮglȮqwlrfcrgaȮfsk_lȮesrȮkgapm`gmkcȮamkkslgrgcq,Ȯ
KmjȮQwqrȮ@gmj,Ȯ0./6ȮHslȮ0/9/2&4'8c6/35, 

¶ Bctcjmngle _ȮlcuȮaj_qqȮmdȮcleglccpcbȮjgtcȮ`_arcpg_jȮrfcp_ncsrgaqȮrmȮrpc_rȮfsk_lȮ
bgqc_qcq,ȮL_rȮAmkksl,Ȯ0.0.Ȯ?npȮ69//&/'8/516, 

¶ Gkkslmrfcp_nwȮugrfȮcleglccpcbȮ`_arcpg_Ȯ`wȮr_pecrgleȮrfcȮQRGLEȮn_rfu_wȮdmpȮ_lrg+
rskmpȮgkkslgrw,ȮL_rȮAmkksl,Ȯ0.0.ȮHslȮ/9//&/'80517, 
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ĔĸŋƞĴĪňŗȮ1ȮŀŋĨĽŅľĔĶĶĴȮĨńĺŀĵƞŅĚĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗĩŌĔŀƟŅĚŀŇĚőħĵĽŇĪīŇĭńĨĶ 

¶ Nqcsbmkml_qȮnsrgb_Ȯ_qȮ_Ȯdslargml_jȮaf_qqgqȮdmpȮglbsqrpg_jȮ`gma_r_jwqgq8ȮDpmkȮl_rgtcȮ
`gmafckgqrpwȮrmȮrp_lq+kcr_`mjgqk,ȮKcr_`ȮCle,Ȯ0./6ȮLmt83.8/20+/33, 

¶ Uc_p_`jcȮk_rcpg_jqȮugrfȮck`cbbcbȮqwlrfcrgaȮ`gmjmewȮqclqmpqȮdmpȮ`gmkmjcasjcȮ
bcrcargml,ȮL_rȮ@gmrcaflmj,Ȯ0.0/ȮLmt917&//'8/144+/152, 

¶ EpmurfȮmdȮC,ȮamjgȮmlȮdmpk_rcȮ_lbȮkcrf_lmjȮtg_ȮrfcȮpcbsargtcȮejwaglcȮn_rfu_w,ȮL_rȮ
AfckȮ@gmj,Ȯ0.0.ȮK_w9/4&3'8316+323, 

¶ Bgqamtcpw*ȮAf_p_arcpgx_rgml*ȮCleglccpgle*Ȯ_lbȮ?nnjga_rgmlqȮmdȮClc+Pcbsar_qcqȮdmpȮ
Glbsqrpg_jȮ@gma_r_jwqgq,Ȯ?AQȮA_r_j,Ȯ0./7ȮK_wȮ/39Ȯ6&2'8Ȯ1310ů1327, 

ĔĸŋƞĴĪňŗȮ2ȮıĸńĚĚŅĬŐĸŃĽŇŗĚŐĺħĸƟŀĴȮĨńĺŀĵƞŅĚĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇĪňŗĩŌĔŀƟŅĚŀŇĚőħĵĽŇĪīŇĭńĨĶ 

¶ AmltcpqgmlȮmdȮCqafcpgafg_ȮamjgȮrmȮEclcp_rcȮ?jjȮ@gmk_qqȮA_p`mlȮdpmkȮAM0*ȮAcjj,Ȯ0./7Ȯ
LmtȮ059/57&4'8/033+/041,c/0, 

¶ Kgapm`g_jȮBcep_b_rgmlȮ_lbȮT_jmpgx_rgmlȮmdȮNj_qrgaȮU_qrcq,ȮDpmlrȮKgapm`gmj,Ȯ0.0.9Ȯ//8Ȯ220, 

¶ Kgapm`g_jȮdscjȮacjjȮ&KDA'ȮnmucpȮncpdmpk_lacȮgknpmtckclrȮrfpmsefȮclf_lacbȮ
kgapm`g_jȮcjcarpmeclgagrw,Ȯ@gmrcaflmjȮ?bt,Ȯ0./6ȮHsj+?se914&2'8/1/4+/105, 

ěŃŏľŖĬœħƟĺƞŅĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮqwlrfcrgaȮ`gmjmewȮĬńŘĬĽŅĴŅĶĩŒĝƟœħƟľĸŅĔľĸŅĵĕŉŘĬĔńĭĴŋĴĴŀĚĨƞŀ 
ĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚȮĪńŘĚĬňŘĴňĕƟŀĽńĚŏĔĨĺƞŅĴňĽŇĪīŇĭńĨĶĪňŗŀƟŅĚŀŇĚĭĪėĺŅĴĺŇěńĵıŊŘĬģŅĬŏĝŇĚĸŉĔȮŏĝƞĬȮ 

¶ NpglagnjcqȮ_lbȮ?nnjga_rgmlqȮmdȮLsajcgaȮ?agbȮQrp_lbȮBgqnj_ackclrȮPc_argmlq,ȮAfckȮ
Pct,Ȯ0./7ȮK_wȮ009//7&/.'84104+4147, 

¶ Glrcpd_agleȮl_rspcŲqȮa_r_jwrgaȮk_afglcpwȮugrfȮqwlrfcrgaȮk_rcpg_jqȮdmpȮqckg+_prgƱag_jȮ
nfmrmqwlrfcqgq,ȮL_rspcȮL_lmrcaflmjmew,Ȯ0./6*Ȯ/1&/.' 

¶ Acjj+dpccȮeclcȮcvnpcqqgml8Ȯ_lȮcvn_lbcbȮpcncprmgpcȮmdȮ_nnjga_rgmlq,ȮL_rȮPctȮEclcr,Ȯ
0.0.ȮK_p90/&1'8/3/+/5., 

¶ AwrmafpmkcȮN23.ȮKmlmmvwecl_qcqȮglȮ@gmrcaflmjmewȮ_lbȮQwlrfcrgaȮ@gmjmew,Ȯ
RpclbqȮ@gmrcaflmj,Ȯ0./7Ȯ?se915&6'8660+675, 

¶ Clxwk_rgaȮ_qqck`jwȮmdȮa_p`mlůa_p`mlȮ`mlbqȮtg_Ȯgpml+a_r_jwqcbȮqnȮ1ȮAůFȮ
dslargml_jgx_rgml,ȮL_rspc,Ȯ0./7,Ȯ343&5515' 

ŀŅěĔĸƞŅĺœħƟĺƞŅĔŅĶŒĝƟȮqwlrfcrgaȮ`gmjmewȮŒĬĔŅĶĪņĚŅĬŏĝŇĚĮĶŃĵŋĔĨƢĨƟŀĚĔŅĶŀĚėƢėĺŅĴĶŌƟľĸŅĔľĸŅĵ
ĻŅĽĨĶƢĶƞĺĴĔńĬĞŉŗĚŏĮƦĬħņŏĬŇĬĚŅĬĶƞĺĴĔńĬĸńĔļĦŃȮglrcpbgqagnjgl_pwȮěŉĚěŃŒĝƟȮqwlrfcrgaȮ`gmjmewȮœħƟŀĵƞŅĚ 
ĴňĮĶŃĽŇĪīŇĳŅı 
  



46 

0,1,0ȮėĺŅĴıĶƟŀĴĪŅĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĝŇĚŒĬĴŇĨŇĔŅĶıńĥĬŅĔņĸńĚėĬ 
ĔŅĶĻŉĔļŅĽĩŅĬĳŅıĔŅĶıńĥĬŅĔņĸńĚėĬŒĬĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĕŀĚĮĶŃŏĪĻœĪĵȮ 

ėĦŃįŌƟĻŉĔļŅœħƟŒĝƟĕƟŀĴŌĸĪŋĨŇĵĳŌĴŇȮœħƟŐĔƞȮĕƟŀĴŌĸĺŇĪĵŅĬŇıĬīƢŐĸŃĶŅĵĚŅĬĺŇěńĵĜĭńĭŏĨŖĴĪňŗĶĺĭĶĺĴěŅĔĴľŅĺŇĪĵŅĸńĵȮŐĸŃ
ľĬƞĺĵĚŅĬĨƞŅĚȮŕȮĕŀĚœĪĵȮ&Rf_gȮBgegr_jȮAmjjcargml9ȮRBA'ȮŐĸŃĕƟŀĴŌĸĮģĴĳŌĴŇěŅĔĔŅĶĪņŐĭĭĽŀĭĩŅĴŐĸŃ 
ĔŅĶĽńĴĳŅļĦƢŏĝŇĚĸŉĔŒĬľĬƞĺĵĚŅĬĪňŗĶŃĭŋĴňľĸńĔĽŌĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮȮŐĸŃěŅĔĔŅĶĽŊĭėƟĬģŅĬĕƟŀĴŌĸ
ĺŇĪĵŅĬŇıĬīƢŐĸŃĶŅĵĚŅĬĺŇěńĵĜĭńĭŏĨŖĴĪňŗĶĺĭĶĺĴěŅĔĴľŅĺŇĪĵŅĸńĵȮŐĸŃľĬƞĺĵĚŅĬĨƞŅĚȮŕȮĕŀĚœĪĵȮ&Rf_gȮBgegr_jȮ
Amjjcargml9ȮRBA'ȮıĭĺŇĪĵŅĬŇıĬīƢĪňŗŏĔňŗĵĺĕƟŀĚȮ52ȮŏĶŊŗŀĚȮěŅĔĺŇĪĵŅĬŇıĬīƢĪńŘĚĽŇŘĬȮ254*/24ȮŏĶŊŗŀĚȮľĶŊŀėŇħŏĮƦĬȮ.,./4#Ȯ
ĮĶŃĔŀĭħƟĺĵĺŇĪĵŅĬŇıĬīƢȮ0ȮŏĶŊŗŀĚȮ7ȮŏĶŊŗŀĚȮŐĸŃȮ41ȮŏĶŊŗŀĚȮěŅĔėņėƟĬȮqwlrfcrgaȮ`gmjmew*Ȯkcr_`mjgaȮcleglccpgleȮ
ŐĸŃȮqwqrckqȮ`gmjmewȮĨŅĴĸņħńĭȮĺŇĪĵŅĬŇıĬīƢĽƞĺĬŒľĠƞŏĮƦĬĔŅĶĻŉĔļŅĶŃĭĭĕŀĚĽŇŗĚĴňĝňĺŇĨȮȮŐĸŃĔŅĶıńĥĬŅ
ŐĭĭěņĸŀĚŐĸŃŏėĶŊŗŀĚĴŊŀŏıŊŗŀĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟıŊŘĬģŅĬȮŏĝƞĬȮĔĸœĔĔŅĶĪņĚŅĬŐĸŃĔŅĶėĺĭėŋĴŏĞĸĸƢľĶŊŀĽŇŗĚĴňĝňĺŇĨȮ 
ĪňŗěŃĬņœĮĽŌƞĔŅĶĽĶƟŅĚĽŇŗĚĴňĝňĺŇĨĪňŗĴňėŋĦĽĴĭńĨŇŒľĴƞĨŅĴĨƟŀĚĔŅĶȮĶŅĵĸŃŏŀňĵħĳŅėįĬĺĔȮĔȮȮĕƟŀĴŌĸĪňŗĽŊĭėƟĬœħƟĕƟŅĚĨƟĬŐĽħĚ 
ŒľƟŏľŖĬĺƞŅȮĺŇĪĵŅĬŇıĬīƢĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĴňěņĬĺĬĬƟŀĵĴŅĔȮŐĸŃĺŇĪĵŅĬŇıĬīƢĪńŘĚȮ52ȮŏĶŊŗŀĚĬňŘŏĮƦĬĕŀĚ
ĬńĔĻŉĔļŅĶŃħńĭĮĶŇĠĠŅőĪ-ŏŀĔĕŀĚĴľŅĺŇĪĵŅĸńĵȮ2ȮŐľƞĚȮœħƟŐĔƞȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňıĶŃěŀĴŏĔĸƟŅīĬĭŋĶňȮ40ȮŏĶŊŗŀĚȮ
ěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵȮ/.ȮŏĶŊŗŀĚȮĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢȮ/ȮŏĶŊŗŀĚȮŐĸŃĴľŅĺŇĪĵŅĸńĵŐĴƞĲƚŅľĸĺĚȮ/ȮŏĶŊŗŀĚȮĪńŘĚĬňŘ 
ŏıŊŗŀŒľƟœħƟĕƟŀĴŌĸěŅĔĴľŅĺŇĪĵŅĸńĵŐĸŃĽĩŅĭńĬĔŅĶĻŉĔļŅĨƞŅĚȮŕȮŀĵƞŅĚėĶĭĩƟĺĬȮȮőėĶĚĔŅĶłȮěŉĚœħƟěńħĽƞĚŐĭĭĽŀĭĩŅĴœĮĵńĚ
ĽĩŅĭńĬĔŅĶĻŉĔļŅĨƞŅĚȮŕȮĪńŗĺĮĶŃŏĪĻȮĶĺĴĪńŘĚĽŇŘĬȮ73ȮėĦŃȮ/.6ȮĳŅėĺŇĝŅȮŏıŊŗŀĽŀĭĩŅĴĩŉĚľĸńĔĽŌĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮ
qwlrfcrgaȮ`gmjmewȮĨŅĴĬŇĵŅĴŐĸŃėņěņĔńħėĺŅĴĪňŗįŌƟĪĶĚėŋĦĺŋĥŇŒľƟėĺŅĴŏľŖĬȮŐĸŃœħƟĶńĭįĸĔŅĶĨŀĭŐĭĭĽŀĭĩŅĴěņĬĺĬȮ
35ȮėņĨŀĭȮ&ėĦŃ-ĳŅėĺŇĝŅĔŅĶ'ȮȮŐĭƞĚŏĮƦĬȮĴňľĸńĔĽŌĨĶĪňŗŏĔňŗĵĺĕƟŀĚŐĸƟĺȮ0.ȮėņĨŀĭȮ&ėĦŃ-ĳŅėĺŇĝŅĔŅĶ'Ȯ&13,/#'ȮŐĸŃȮ 
ĵńĚœĴƞĴňľĸńĔĽŌĨĶĪňŗŏĔňŗĵĺĕƟŀĚȮ15ȮėņĨŀĭȮ&ėĦŃ-ĳŅėĺŇĝŅĔŅĶ'Ȯ&42,7#'ȮħńĚŐĽħĚĨŅĴĶŌĮĪňŗȮ0+00Ȯ 
 

 
 
 
 
 
 
 
 

 
 
 

ĶŌĮĪňŗȮ0+008ȮĽńħĽƞĺĬĴľŅĺŇĪĵŅĸńĵĪňŗĴňľĸńĔĽŌĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmew 
  

ĴňľĸńĔĽŌĨĶœĴŗĴňľĸńĔĽŌĨĶ

œĴƞĴňľĸńĔĽŌĨĶ 
64.9% 

ĴňľĸńĔĽŌĨĶ
35.1% 
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ŒĬěņĬĺĬȮ0.ȮėņĨŀĭȮĪňŗĴňľĸńĔĽŌĨĶŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĔĶŃěŅĵŀĵŌƞŒĬĴľŅĺŇĪĵŅĸńĵȮ/0ȮŐľƞĚȮœħƟŐĔƞ 
/, ěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵȮ 
0, ĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬȮ 
1, ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮ 
2, ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňıĶŃěŀĴŏĔĸƟŅīĬĭŋĶňȮ 
3, ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶňȮ 
4, ĴľŅĺŇĪĵŅĸńĵĬŏĶĻĺĶȮ 
5, ĴľŅĺŇĪĵŅĸńĵĭŌĶıŅȮ 
6, ĴľŅĺŇĪĵŅĸńĵĴľŇħĸȮ 
7, ĴľŅĺŇĪĵŅĸńĵĻĶňĬėĶŇĬĪĶĺŇőĶĥȮȮ 
10. ĽĩŅĭńĬŏĪėőĬőĸĵňıĶŃěŀĴŏĔĸƟŅŏěƟŅėŋĦĪľŅĶĸŅħĔĶŃĭńĚȮȮ 
//, ĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢȮȮ 
/0, ĽĩŅĭńĬĺŇĪĵĽŇĶŇŏĴīňȮ&TGQRCA'Ȯ 

ěŅĔŐĭĭĽŀĭĩŅĴĶŃĭŋĴňľĸńĔĽŌĨĶŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮěŅĔěņĬĺĬȮ0.ȮėņĨŀĭȮőħĵĸńĔļĦŃ
ľĸńĔĽŌĨĶĪňŗĴňŏĮƕħĽŀĬȮıĭĽŌĚĽŋħėŊŀȮľĸńĔĽŌĨĶĶŃħńĭĮĶŇĠĠŅőĪȮėŇħŏĮƦĬȮ43#ȮĶŀĚĸĚĴŅėŊŀȮľĸńĔĽŌĨĶĶŃħńĭĮĶŇĠĠŅŏŀĔȮ
3.#ȮľĸńĔĽŌĨĶĶŃħńĭĮĶŇĠĠŅĨĶňȮ23#ȮŐĸŃľĸńĔĽŌĨĶȮLml+bcepcc8ȮacprgƱa_rcbȮ/.#ȮőħĵŒĬĶŃĵŃŏĺĸŅȮ3ȮĮƖȮ
ĵƟŀĬľĸńĚȮ&ı,Ļ,Ȯ034/Ȯ+Ȯ0343'ȮĴňįŌƟĽņŏĶŖěĔŅĶĻŉĔļŅŐĸƟĺȮ5.5ȮėĬȮŐĭƞĚŏĮƦĬĶŃħńĭĮĶŇĠĠŅĨĶňȮ332ȮėĬȮĶŃħńĭĮĶŇĠĠŅőĪȮ
/00ȮėĬȮŐĸŃĶŃħńĭĮĶŇĠĠŅŏŀĔȮ1/ȮėĬ 

 
ĶŌĮĪňŗȮ0+018ȮĸńĔļĦŃľĸńĔĽŌĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmew 

 
ŏĪėĬŇėĪňŗŏĔňŗĵĺĔńĭȮqwlrfcrgaȮ`gmjmewȮĽŌĚĽŋħȮ1ȮŀńĬħńĭŐĶĔȮėŊŀȮĔŅĶĺŇĻĺĔĶĶĴĽƞĺĬĮĶŃĔŀĭĪŅĚĝňĺĳŅı 

ŏıŊŗŀŒľƟĴňĲƤĚĔƢĝńĬŒľĴƞȮ&53#'ȮĶŀĚĸĚĴŅėŊŀĔŅĶŀŀĔŐĭĭŀĚėƢĮĶŃĔŀĭĪŅĚĝňĺĳŅıĪňŗœĴƞŏėĵĴňŒĬĽŇŗĚĴňĝňĺŇĨȮ&33#'ȮŐĸŃ 
ĔŅĶĩƞŅĵőŀĬȮkcr_`mjgaȮn_rfu_wqȮĶŃľĺƞŅĚĽŇŗĚĴňĝňĺŇĨȮ&3.#'ȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ0+02 

9(45%)

13(65%)
10(50%)

2(10%)
0

0 5 10 15

Degree: ĮĶŇĠĠŅĨĶň
Degree: ĮĶŇĠĠŅőĪ

Degree: ĮĶŇĠĠŅŏŀĔ
Non-degree: certificated

Non-degree: non-certificated (lifelong learning program)

ĸńĔļĦŃľĸńĔĽŌĨĶĪňŗŏĔňŗĵĺĕƟŀĚ
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ĶŌĮĪňŗȮ0+028ȮŏĪėĬŇėĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĪňŗŒĝƟŒĬĚŅĬĺŇěńĵĳŅĵŒĨƟľĸńĔĽŌĨĶ 

 
ĴľŅĺŇĪĵŅĸńĵĪňŗĴňŐįĬěŃıńĥĬŅľĸńĔĽŌĨĶȮŐĸŃ-ľĶŊŀȮŀĵŌƞĶŃľĺƞŅĚıńĥĬŅľĸńĔĽŌĨĶȮĴňěņĬĺĬȮ4ȮĴľŅĺŇĪĵŅĸńĵȮ

œħƟŐĔƞȮ/'ȮĴľŅĺŇĪĵŅĸńĵĕŀĬŐĔƞĬȮėĦŃŐıĪĵĻŅĽĨĶƢȮĽŅĕŅĺŇĝŅĝňĺŏėĴňȮŐĸŃȮėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĽŅĕŅĺŇĝŅĝňĺĺŇĪĵŅȮ 
Ȯ0'ȮĴľŅĺŇĪĵŅĸńĵĭŌĶıŅȮ&ĺŇĪĵŅŏĕĨěńĬĪĭŋĶň'ȮėĦŃĺŇĪĵŅĻŅĽĨĶƢŐĸŃĻŇĸĮĻŅĽĨĶƢȮȮ1'ȮĴľŅĺŇĪĵŅĸńĵŐĴƞĲƚŅľĸĺĚȮĽņĬńĔĺŇĝŅ
ĺŇĪĵŅĻŅĽĨĶƢȮĽŅĕŅĺŇĝŅĺŇĪĵŅĻŅĽĨĶƢĝňĺĳŅıȮȮ2'ȮĴľŅĺŇĪĵŅĸńĵĻĶňĬėĶŇĬĪĶĺŇőĶĥȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĳŅėĺŇĝŅ
ĺŇĻĺĔĶĶĴĝňĺĔŅĶŐıĪĵƢȮȮ3'ȮĴľŅĺŇĪĵŅĸńĵĬŏĶĻĺĶȮėĦŃĺŇĪĵŅĻŅĽĨĶƢĔŅĶŐıĪĵƢȮĳŅėĺŇĝŅěŋĸĝňĺĺŇĪĵŅŐĸŃĮĶĽŇĨĺŇĪĵŅȮ
ŐĸŃȮ4'ȮĽĩŅĭńĬŏĪėőĬőĸĵňıĶŃěŀĴŏĔĸƟŅŏěƟŅėŋĦĪľŅĶĸŅħĔĶŃĭńĚȮėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĳŅėĺŇĝŅĺŇĪĵŅĔŅĶėŀĴıŇĺŏĨŀĶƢȮ
ŐĸŃȮėĦŃŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮĽŅĕŅĺŇĝŅŏĪėőĬőĸĵňĔŅĶľĴńĔȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅĨŅĴėĦŃŐĸŃĳŅėĺŇĝŅėŇħŏĮƦĬȮ0/,4#Ȯ
ĪňŗĴňŐįĬěŃıńĥĬŅľĸńĔĽŌĨĶȮŐĸŃ-ľĶŊŀȮŀĵŌƞĶŃľĺƞŅĚıńĥĬŅľĸńĔĽŌĨĶȮȮőħĵŐĽħĚĽńħĽƞĺĬėĦŃ-ĳŅėĺŇĝŅĪňŗĴňŐįĬĔŅĶıńĥĬŅ
ľĸńĔĽŌĨĶȮħńĚĶŌĮĪňŗȮ0+03 

 
ĶŌĮĪňŗȮ0+038ȮĽńħĽƞĺĬėĦŃ-ĳŅėĺŇĝŅĪňŗĴňŐįĬěŃıńĥĬŅľĶŊŀĶƞĺĴĔńĭľĬƞĺĵĚŅĬŀŊŗĬıńĥĬŅľĸńĔĽŌĨĶ 

 

11(55%)
15(75%)

7(35%)
10(50%)

2(10%)
5(25%)

2(10%)
2(10%)

5(25%)
0

4(20%)
1(5%)
1(5%)

4(20%)
6(30%)
6(30%)

0 2 4 6 8 10 12 14 16

1.Designing biological components that donŲt exist in any organism

3.Creation of novel genetic regulatory circuits

5.Creation of new chromosomes or genomes

7.Transgenesis using a gene from an unrelated organism

9.CRISPR-Cas9-induced or oligonucleotide directed mutagenesis

11.Radiation- or chemical-induced mutagenesis

13.Protoplast fusion

15.Biosensors using modified organisms or macromolecules

ŏĪėĬŇėĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮSynthetic Biology ĪňŗŒĝƟŒĬĚŅĬĺŇěńĵȮĳŅĵŒĨƟľĸńĔĽŌĨĶ

œĴƞĴňľĸńĔĽŌĨĶ (37) 
64.9% 

ĴňľĸńĔĽŌĨĶ (20) 
35.1% œĴƞĴňŐįĬȮ(29) 

78.4% 

ĴňŐįĬȮ(8) 
21.6% 
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ěŅĔŐĭĭĽŀĭĩŅĴȮėĦŃ-ĳŅėĺŇĝŅĪňŗĴňŐįĬıńĥĬŅľĸńĔĽŌĨĶĶŃħńĭĮĶŇĠĠŅőĪȮ&3'Ȯ40,3#ȮĮĶŇĠĠŅŏŀĔȮ&1'Ȯ15,3#Ȯ

ĮĶŇĠĠŅĨĶňȮ&1'Ȯ15,3#ȮLml+bcepcc8ȮacprgƱa_rcbȮ&1'Ȯ15,3#ȮŐĸŃȮLml+bcepcc8Ȯlml+acprgƱa_rcbȮ&jgdcjmleȮ
jc_plgleȮnpmep_k'Ȯ&0'Ȯ03#ȮŐĸŃȮBs_jȮbcepccȮnpmep_kȮ&/'Ȯ/0,3#ȮőħĵĴňŏĮƚŅľĴŅĵŏıŊŗŀıńĥĬŅĭŋėĸŅĔĶ 
ŒľƟĴňĪńĔļŃėĺŅĴĶŌƟėĺŅĴĽŅĴŅĶĩĨŀĭĽĬŀĚĨƞŀĨĸŅħŐĶĚĚŅĬȮĴňįĸĚŅĬĺŇěńĵĪňŗĽŅĴŅĶĩĩƞŅĵĪŀħĽŌƞĳŅėŏŀĔĝĬȮĴňĭĪėĺŅĴ
ĺŇĝŅĔŅĶĶŃħńĭĬŅĬŅĝŅĨŇŏĮƦĬĪňŗĵŀĴĶńĭŒĬĽŅĕŅĺŇĝŅȮŐĸŃȮĭŋėĸŅĔĶĪňŗĴňėĺŅĴĶŌƟ-ėĺŅĴŏĝňŗĵĺĝŅĠĨŅĴŏĮƚŅľĴŅĵľĸńĔĽŌĨĶȮ
ĨŅĴĸņħńĭȮħńĚŐĽħĚĨŅĴĶŌĮĪňŗȮ0+04 

 
ĶŌĮĪňŗȮ0+048ȮĶŌĮŐĭĭ-ĸńĔļĦŃľĸńĔĽŌĨĶȮĔĶĦňĪňŗŏĶŇŗĴľĶŊŀŀĵŌƞĶŃľĺƞŅĚĔŅĶıńĥĬŅľĸńĔĽŌĨĶ 

 
ěŅĔĕƟŀĴŌĸľĸńĔĽŌĨĶŐĸŃĺŇĝŅĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĪňŗœħƟěŅĔŐĭĭĽŀĭĩŅĴȮœħƟĪņĔŅĶĽńĴĳŅļĦƢ

ľĬƞĺĵĚŅĬĪňŗĶŃĭŋĴňľĸńĔĽŌĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮěņĬĺĬȮ/0ȮĴľŅĺŇĪĵŅĸńĵȮ/.ȮėĦŃȮ1.ȮľĸńĔĽŌĨĶȮŐĸŃ
ĽŅĴŅĶĩŐĭƞĚĔĸŋƞĴœħƟĨŅĴĨŅĶŅĚĪňŗȮ0+2ȮħńĚĬňŘ  

3 (37.50%)

5 (62.50%)

3 (37.50%)

3 (37.50%)

2 (25.00%)

1 (12.50%) 

0 1 2 3 4 5 6

Degree: ĮĶŇĠĠŅĨĶň

Degree: ĮĶŇĠĠŅőĪ

Degree: ĮĶŇĠĠŅŏŀĔ

Non-degree: certificated

Non-degree: non-certificated (lifelong learning program)

Dual Degree Program

ĶŌĮŐĭĭ-ĸńĔļĦŃľĸńĔĽŌĨĶȮĔĶĦňĪňŗŏĶŇŗĴľĶŊŀŀĵŌƞĶŃľĺƞŅĚıńĥĬŅľĸńĔĽŌĨĶ
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ĨŅĶŅĚĪňŗȮ0+28ȮĔŅĶěńħĔĸŋƞĴľĸńĔĽŌĨĶĪňŗœħƟĪņĔŅĶĽńĴĳŅļĦƢȮěņĬĺĬȮ/0ȮĴľŅĺŇĪĵŅĸńĵȮ 

ĔĸŋƞĴľĸńĔĽŌĨĶ ĽĶŋĮ 

ĔĸŋƞĴĪňŗȮ/Ȯ&lml'ȮȮĴňĔŅĶŏĶňĵĬĔŅĶĽŀĬŏĔňŗĵĺĔńĭȮ`gmafckgqrpw*Ȯacp_kga*Ȯ
`gmnpmacqq*Ȯpc_armpȮbcqgelȮŐĸŃœĴƞĴňĔŅĶĶĺĭȮqwlrfcrgaȮ`gmjmewȮŏĕƟŅœĮŒĬ
ľĸńĔĽŌĨĶ 

¶ 1ȮľĸńĔĽŌĨĶ 
¶ 1ȮĴľŅĺŇĪĵŅĸńĵ 
¶ 0ȮėĦŃȮ 

ĔĸŋƞĴĪňŗȮ0Ȯ&nmrclrg_j'ȮĴňĔŅĶŏĶňĵĬĔŅĶĽŀĬŏĔňŗĵĺĔńĭȮkmjcasj_pȮ`gmjmew*ȮacjjȮ
`gmjmew*Ȯ`gmgldmpk_rgaȮŐĨƞĵńĚœĴƞĴňĔŅĶĶĺĭȮqwlrfcrgaȮ`gmjmewȮŏĕƟŅœĮŒĬľĸńĔĽŌĨĶ 

¶ /.ȮľĸńĔĽŌĨĶ 
¶ 4ȮĴľŅĺŇĪĵŅĸńĵ 
¶ 4ȮėĦŃȮ 

ĔĸŋƞĴĪňŗȮ1Ȯ&amlacnr'ȮĴňĔŅĶŏĶňĵĬĔŅĶĽŀĬŏĔňŗĵĺĔńĭȮȮkmjcasj_pȮ`gmjmew*ȮacjjȮ
`gmjmew*ȮqwqrckqȮ̀gmjmew*ȮeclcrgaȮcleglccpgleȮŐĸŃĴňĔŅĶĽŀĬȮamlacnrȮ 
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮŏĝƞĬȮB+@+R+JȮawajcȮ*Ȯpcbcqgel*Ȯ
npmep_kk_`jcȮqwqrck 

¶ /0ȮľĸńĔĽŌĨĶ 
¶ 3ȮĴľŅĺŇĪĵŅĸńĵ 
¶ /ȮėĦŃȮ 

ĔĸŋƞĴĪňŗȮ2Ȯ&qs`hcar'ȮĴňĺŇĝŅȮqwlrfcrgaȮ`gmjmewȮ&QA@R1.7ȮQwlrfcrgaȮ@gmjmewȮ'Ȯ
ŏĬƟĬĔŅĶĽŀĬĴŋĴĴŀĚŒľĴƞĕŀĚĔŅĶĬņėĺŅĴĶŌƟıŊŘĬģŅĬĪŅĚıńĬīŋĻŅĽĨĶƢȮľĶŊŀȮĝňĺĺŇĪĵŅ
ĶŃħńĭőĴŏĸĔŋĸœĮŒĝƟŒĬŏĝŇĚĺŇĻĺĔĶĶĴȮ 

¶ 1ȮľĸńĔĽŌĨĶ 
¶ 0ȮĴľŅĺŇĪĵŅĸńĵ 
¶ 0ȮėĦŃ 

ĔĸŋƞĴĪňŗȮ3Ȯ&asppgasjsk'ȮĴňľĸńĔĽŌĨĶȮqwlrfcrgaȮ`gmjmewȮľĸńĔĽŌĨĶȮLml+bcepccȮ
Npmep_k8ȮQwlrfcrgaȮ@gmjmewȮdmpȮGlbsqrpwȮ&Pc+qigjj*ȮSn+qigjj*ȮLcu+qigjj'ȮŐĸŃ
ľĸńĔĽŌĨĶȮbcepccȮŏĮƕħȮ0345ȮŏĬƟĬįĸŇĨėĬȮőħĵŏĮƦĬĔŅĶŏĶňĵĬĔŅĶĽŀĬŒľƟŏĕƟŅŒě
ľĸńĔĔŅĶĕŀĚȮsynthetic biology ŐĸŃĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔėĺŅĴĶŌƟĪŅĚħƟŅĬĝňĺĺŇĪĵŅȮ
ŐĸŃŏĪėőĬőĸĵňĝňĺĳŅıȮȮĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬȮsynthetic biology ŐĸŃĬņœĮĽŌƞĔŅĶĽĶƟŅĚ
ĭŋėĸŅĔĶŒľƟĴňŐĬĺėŇħŏĝŇĚĬĺńĨĔĶĶĴőħĵŒĝƟĽľĽŅĕŅĺŇĝŅŒĬĔŅĶĽĶƟŅĚĬĺńĨĔĶĶĴȮ 

¶ 0ȮľĸńĔĽŌĨĶ 
¶ /ȮĴľŅĺŇĪĵŅĸńĵ 
¶ /ȮėĦŃ 
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ĶŌĮĪňŗȮ0+058ȮŐĽħĚěņĬĺĬįŌƟĽņŏĶŖěĔŅĶĻŉĔļŅŐĸŃĶŃħńĭĕŀĚľĸńĔĽŌĨĶŒĬĔĸŋƞĴĨƞŅĚȮŕ 

 
ŒĬĴŇĨŇĔņĸńĚėĬĴňľĸńĔĽŌĨĶŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮěņĬĺĬȮ1.ȮľĸńĔĽŌĨĶȮĞŉŗĚĔĶŃěŅĵŒĬĶŃħńĭĔŅĶĻŉĔļŅ

ĨƞŅĚȮŕȮħńĚĬňŘȮ/'ȮĶŃħńĭĮĶŇĠĠŅĨĶňȮ/.ȮľĸńĔĽŌĨĶȮĴňįŌƟĽņŏĶŖěĔŅĶĻŉĔļŅŐĸƟĺȮ332ȮėĬȮȮ0'ȮĶŃħńĭĮĶŇĠĠŅőĪȮ//ȮľĸńĔĽŌĨĶȮ 
ĴňįŌƟĽņŏĶŖěĔŅĶĻŉĔļŅŐĸƟĺȮ71ȮėĬȮȮ1'ȮĶŃħńĭĮĶŇĠĠŅŏŀĔȮ6ȮľĸńĔĽŌĨĶȮĴňįŌƟĽņŏĶŖěĔŅĶĻŉĔļŅŐĸƟĺȮ02ȮėĬȮȮŐĸŃ 
2'Ȯlml+bcepccȮ/ȮľĸńĔĽŌĨĶȮ/3ȮėĬȮőħĵĽƞĺĬŒľĠƞįŌƟĽņŏĶŖěĔŅĶĻŉĔļŅěŃŏĔňŗĵĺĕƟŀĚĔńĭȮacjjȮ`gmjmew*ȮqwqrckqȮ
`gmjmew*Ȯkmjcasj_pȮ`gmjmew*ȮeclcrgaȮcleglccpgle*Ȯkcr_`mjgaȮcleglccpgleȮŐĸŃȮ`gmrcaflmjmewȮĞŉŗĚŏĮƦĬ 
ŀĚėƢėĺŅĴĶŌƟıŊŘĬģŅĬĪňŗěŃĽŅĴŅĶĩĬņœĮĮĶŃĵŋĔĨƢŒĝƟœħƟĔńĭȮqwlrfcrgaȮ`gmjmewȮĬŀĔěŅĔĬňŘȮœħƟĽńĴĳŅļĦƢĕƟŀĴŌĸħƟŅĬ
ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚőħĵįŌƟŒľƟĽńĴĳŅļĦƢĪňŗĴňĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĸŃħņŏĬŇĬĚŅĬĺŇěńĵħƟĺĵĬńŘĬȮŏľŖĬĺƞŅŐĬĺėĺŅĴėŇħĕŀĚȮ
qwlrfcrgaȮ`gmjmewȮŏĮƦĬĔŅĶĽĶƟŅĚľĶŊŀĮĶńĭĮĶŋĚŀĚėƢĮĶŃĔŀĭĪŅĚĝňĺĳŅıŒľƟĴňėŋĦĽĴĭńĨŇĨŅĴĪňŗĨƟŀĚĔŅĶȮŏıŊŗŀŏĮƚŅľĴŅĵ 
ŒĬĔŅĶĬņœĮŒĝƟĮĶŃőĵĝĬƢȮőħĵŀŅĻńĵėĺŅĴĶŌƟėĺŅĴŏĕƟŅŒěĝňĺĺŇĪĵŅĕŀĚŏĞĸĸƢȮŀĚėƢĮĶŃĔŀĭĪŅĚĝňĺĳŅıȮĶŃĭĭĔŅĶĪņĚŅĬ
ĕŀĚĽŇŗĚĴňĝňĺŇĨȮŏıŊŗŀĽĶƟŅĚĽŇŗĚĪňŗœĴƞĽŅĴŅĶĩŏĔŇħĕŉŘĬœħƟŏŀĚĨŅĴīĶĶĴĝŅĨŇőħĵĭńĚŏŀŇĠȮĞŉŗĚĨƟŀĚŒĝƟŀĚėƢėĺŅĴĶŌƟıŊŘĬģŅĬĪŅĚĝňĺŏėĴňȮ
ŐĸŃȮĝňĺĺŇĪĵŅŏĝŇĚĮĶŇĴŅĦȮ&os_lrgr_rgtcȮ`gmjmew'ȮĔŅĶėŇħŏĝŇĚĽĩŇĨŇŏıŊŗŀĻŉĔļŅĽŇŗĚĴňĝňĺŇĨȮŏĝƞĬȮŀńĨĶŅĔŅĶŏěĶŇĠĕŀĚŏĞĸĸƢȮ
ŀńĨĶŅĔŅĶŒĝƟŐľĸƞĚėŅĶƢĭŀĬŐĸŃĔŅĶįĸŇĨĽŅĶŏĴĨŅĭŀœĸĪƢȮŏĝŊŗŀĴőĵĚĔńĭĝňĺĺŇĪĵŅĶŃĭĭȮ&qwqrckqȮ̀ gmjmew'ȮĪņŒľƟ
ĽŅĴŅĶĩĽĶƟŅĚőĴŏħĸŐĸŃĶŃĭĭĨƞŅĚȮŕȮĪňŗĝƞĺĵĸħĕƟŀįŇħıĸŅħŒĬĔŅĶĺŇĻĺĔĶĶĴŀĚėƢĮĶŃĔŀĭĪŅĚĝňĺĳŅıȮŀĚėƢėĺŅĴĶŌƟ
ıŊŘĬģŅĬĽņėńĠĪňŗĨƟŀĚĴňȮĮĶŃĔŀĭħƟĺĵȮacjjȮ`gmjmew*Ȯ`gmafckgqrpw*ȮeclcrgaȮcleglccpgle*Ȯ`gmqagclacȮ_lbȮ
_nnjga_rgml*ȮĔŅĶŀŀĔŐĭĭȮ@gmgldmpk_rgaq*ȮK_afglcȮJc_plgle*ȮĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮ&B_r_Ȯ_l_jwqgq'*Ȯ
Qrpsarsp_jȮ`gmjmewȮĨĸŀħěĬėĺŅĴĶŌƟĪŅĚħƟŅĬȮ@gmnpmacqqȮcleglccpgleȮĞŉŗĚľĸńĔĽŌĨĶĔŅĶŏĶňĵĬĔŅĶĽŀĬĺŇĝŅıŊŘĬģŅĬ 
ĪňŗĴňŀĵŌƞȮŏĝƞĬȮĝňĺĺŇĪĵŅȮĝňĺŏėĴňȮıńĬīŋĻŅĽĨĶƢĶŃħńĭőĴŏĸĔŋĸȮĔŅĶŀŀĔŐĭĭŀĚėƢĮĶŃĔŀĭĪŅĚĝňĺĳŅıőħĵŒĝƟȮK_afglcȮ
jc_plgle-ȮAmknsr_rgml_jȮkmbcjgleȮĽŅĴŅĶĩĨƞŀĵŀħœĮŏĮƦĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢħƟŅĬĨƞŅĚȮŕȮĕŉŘĬŀĵŌƞĔńĭĚŅĬĺŇěńĵ 
ĪňŗĽĬŒěŐĸŃĔŅĶŏĽĶŇĴŒľƟĴňĪńĔļŃĔĶŃĭĺĬĔŅĶėŇħŏĝŇĚĶŃĭĭȮŀĵƞŅĚœĶĔŖĨŅĴȮĭŋėĸŅĔĶĪňŗĴňėĺŅĴŏĝňŗĵĺĝŅĠŒĬĔŅĶŏĕňĵĬőėƟħȮ
ľĶŊŀĔŅĶıńĥĬŅȮK_afglcȮjc_plgleȮĪňŗĽŅĴŅĶĩŏĕƟŅŒěĝňĺĺŇĪĵŅȮľĶŊŀĬńĔĝňĺĺŇĪĵŅĪňŗĽŅĴŅĶĩėŇħĺŇŏėĶŅŃľƢŏĝŇĚėņĬĺĦœħƟȮ 

мл

мм

у

м

ȌȔ̩ǺǺȤȆȔȌ̫Ȕ̩ǺǺȤȨȈȌȔ̩ǺǺȤȦȡǬŷƁŷɸĲĸŌƞĸĸ

ȌȔ̩ǺǺȤȦȡǬȯȱǯȊ

Ǭȗ̸̘ȒȈ̫̙ȯɰƛƁƮĸŷƮŘĐŬɱȰȞȗ̖Ǭȝ̺ȆȔ

Ǭȗ̸̘ȒȈ̫̙ȰɰĬƁŷĬĸƛƮɱȱȞȗ̖Ǭȝ̺ȆȔ

Ǭȗ̸̘ȒȈ̫̙ȱɰƥƶīŦĸĬƮɱȮȞȗ̖Ǭȝ̺ȆȔ
ȌȔ̩ǺǺȤȆȔ̫ȲȲȱǯȊ

Ǭȗ̸̘ȒȈ̫̙ȮɰŷƁŷɱȯȞȗ̖Ǭȝ̺ȆȔ

Ǭȗ̸̘ȒȈ̫̙ȯɰƛƁƮĸŷƮŘĐŬɱȰȞȗ̖Ǭȝ̺ȆȔ

Ǭȗ̸̘ȒȈ̫̙ȰɰĬƁŷĬĸƛƮɱȱȞȗ̖Ǭȝ̺ȆȔ

Ǭȗ̸̘ȒȈ̫̙ȱɰƥƶīŦĸĬƮɱȮȞȗ̖Ǭȝ̺ȆȔ
ȌȔ̩ǺǺȤȨȈȶȰǯȊ

Ǭȗ̸̘ȒȈ̫̙ȮɰŷƁŷɱȮȞȗ̖Ǭȝ̺ȆȔ

Ǭȗ̸̘ȒȈ̫̙ȯɰƛƁƮĸŷƮŘĐŬɱȱȞȗ̖Ǭȝ̺ȆȔ

Ǭȗ̸̘ȒȈ̫̙ȰɰĬƁŷĬĸƛƮɱȱȞȗ̖Ǭȝ̺ȆȔ

Ǭȗ̸̘ȒȈ̫̙ȱɰƥƶīŦĸĬƮɱȮȞȗ̖Ǭȝ̺ȆȔ

Ǭȗ̸̘ȒȈ̫̙ȲɰĬƶƞƞŘĬƶŬƶŵɱȮȞȗ̖Ǭȝ̺ȆȔ

ȝ̖ȒȑȤȜȄḤ̌Ȋ̘ȚȓǲȤȊȈ̫̙ȧǳ̛ǲȒ̫Ȟȗ̖Ǭȝ̺ȆȔȈ̫̙ȦǬ̫̙ȓȚǭ̛ȡǲǬ̖ȋÒǕŷƮœĸƮŘĬ ;ŘƁŬƁŌǕȩȊȮȯȒȞȤȚ̩ȈȓȤȗ̖ȓȮȭǯȄȣȰȭȞȗ̖Ǭȝ̺ȆȔ

ȔȣȓȣȦȚȗȤȲȌ̬ ȓ̛ȡȊȞȗ̖ǲɰȏɟțɟȯȲȳȮɸȯȲȳȲɱȒ̫ơ̺̏ȝ̱ȤȦȔ̦ǳǬȤȔț̭ǬȜȤȧư̑ȚȳȵȳǯȊɰȆȔȲ̫ȲȱǯȊɠȨȈȶȰǯȊɠȦȡǬȯȱǯȊɠŷƁŷ ĲĸŌƞĸĸȮȲǯȊɱ

ȳȵȳǯȊ

¥ƁŷĲĸŌƞĸĸȮȲǯȊ
Ǭȗ̸̘ȒȈ̫̙ȲɰĬƶƞƞŘĬƶŬƶŵɱȮȞȗ̖Ǭȝ̺ȆȔ
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ĵńĚĴňœĴƞĴŅĔĬńĔȮĔŅĶıńĥĬŅĔņĸńĚėĬĴňĪńŘĚľĸńĔĽŌĨĶĮĶŇĠĠŅĶŃħńĭĨƞŅĚȮŕȮĝƞĺĵĮŌıŊŘĬģŅĬŐĸŃĽĶƟŅĚĭŋėĸŅĔĶĺŇěńĵĪňŗħňȮĴňĪńĔļŃ
ŒĬĔŅĶėŇħĺŇŏėĶŅŃľƢȮĽŅĴŅĶĩĬņėĺŅĴĶŌƟıŊŘĬģŅĬœĮĮĶŃĵŋĔĨƢŒĝƟĨŀĭőěĪĵƢĮƤĠľŅĨƞŅĚŕȮŐĸŃľĸńĔĽŌĨĶȮlml+bcepccȮĞŉŗĚ 
ŏĮƦĬĮĶŃőĵĝĬƢĽņľĶńĭįŌƟĪňŗĽĬŒěȮsnqigjj*ȮpcqigjjȮĔŅĶŏĶňĵĬĶŌƟŏıŊŗŀĬņœĮĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶĮĶŃĔŀĭŀŅĝňı 

ĔŅĶıńĥĬŅĚŅĬĺŇěńĵĳŅĵŒĨƟľĸńĔĽŌĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĴňĪńŘĚĔŅĶĻŉĔļŅŀĚėƢėĺŅĴĶŌƟıŊŘĬģŅĬ 

ĻŉĔļŅĔĸœĔĶŃħńĭőĴŏĸĔŋĸĕŀĚĮĢŇĔŇĶŇĵŅŏŀĬœĞĴƢȮĻŉĔļŅőėĶĚĽĶƟŅĚŐĸŃľĬƟŅĪňŗĔŅĶĪņĚŅĬĕŀĚŏŀĬœĞĴƢŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟ
ĮĶŃőĵĝĬƢȮıńĥĬŅŏėĶŊŗŀĚĴŊŀĽņľĶńĭĚŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮŏĝƞĬȮglbsag`jcȮnpmkmrcpȮĝĬŇħŒľĴƞȮŕȮȮĽņľĶńĭŒĝƟėĺĭėŋĴ
ĔŅĶŐĽħĚŀŀĔĵňĬĨƞŅĚȮŕȮȮŒĬȮeclcrgaqȮagpasgrȮĔŅĶĽĶƟŅĚĽŇŗĚĴňĝňĺŇĨŒľƟĴňĲƤĚĔƢĝńĬĨŅĴĪňŗŀŀĔŐĭĭȮŏĝƞĬȮĽĶƟŅĚŏĞĸĸƢĵňĽĨƢ 
ĪňŗĽŅĴŅĶĩįĸŇĨĽŅĶĴŌĸėƞŅĽŌĚĽņľĶńĭŒĝƟŒĬŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮŀŋĨĽŅľĔĶĶĴŏėĶŊŗŀĚĽņŀŅĚȮȮĔŅĶĮĶńĭĮĶŋĚĔŅĶįĸŇĨĔĶħĞńĔĞŇĬŇĔ
ŒĬŀňőėœĸȮĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅŀňőėœĸĽņľĶńĭŒĝƟŏĮƦĬĨńĺĭƞĚĝňŘ-ĨĶĺěěńĭĽŅĶĝňĺőĴŏĸĔŋĸŏĮƚŅľĴŅĵȮĚŅĬĺŇěńĵħƟŅĬȮ
qwqrckqȮ`gmjmewȮŏĝƞĬȮĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚőĴŏħĸıŊĝĪňŗĮĶŃĔŀĭħƟĺĵĽƞĺĬĶŅĔȮĸņĨƟĬȮŐĸŃŒĭȮŐĸŃěņĸŀĚĔŅĶĨĶŉĚ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢŒĬŀŅĔŅĻŏĕƟŅĽŌƞŒĭŐĸŃŏĮĸňŗĵĬŏĮƦĬĬŘņĨŅĸĽŃĽĴŒĬŀĺńĵĺŃĨƞŅĚȮŕȮȮĔŅĶĽĶƟŅĚőĴŏħĸĪņĬŅĵĽĳŅĺŃ
ĔŅĶŏĸňŘĵĚĪňŗŏľĴŅŃĽĴŏıŊŗŀĔŅĶįĸŇĨĽŅĶĪňŗĨƟŀĚĔŅĶȮĪńŘĚĬňŘĚŅĬĺŇěńĵĳŅĵŒĨƟľĸńĔĽŌĨĶĽƞĺĬŒľĠƞŀĵŌƞŒĬĶŃħńĭĨƟĬĬŘņ
ħƟĺĵĕƟŀěņĔńħŒĬħƟŅĬĪŋĬĺŇěńĵȮĪŋĬıńĥĬŅĭŋėĸŅĔĶĺŇěńĵȮŐĸŃőėĶĚĽĶƟŅĚıŊŘĬģŅĬȮőħĵĴňĨńĺŀĵƞŅĚĚŅĬĺŇěńĵȮĮƤĠľŅŀŋĮĽĶĶė
ŐĸŃĕƟŀŏĽĬŀŐĬŃȮħńĚĬňŘ 

ĨńĺŀĵƞŅĚĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

¶ ĔŅĶĻŉĔļŅĔĸœĔĶŃħńĭőĴŏĸĔŋĸĕŀĚĮĢŇĔŇĶŇĵŅŏŀĬœĞĴƢȮĔŅĶĪņĚŅĬĕŀĚŏŀĬœĞĴƢȮŒĬĔŅĶĵƞŀĵĽĸŅĵĪŅĚĝňĺĳŅıȮıńĥĬŅ
ĔĸĵŋĪīƢŒĬĔŅĶĪņŒľƟěŋĸŇĬĪĶňĵƢįĸŇĨĽŅĶŏĴĨŅĭŀœĸĪƢĪňŗĪņŒľƟĴňȮamd_armpȮľĬŅŐĬƞĬȮĽņľĶńĭŒĝƟŒĬĔŅĶįĸŇĨȮd_rrwȮ
_jamfmj*Ȯ`gmjskglcqaclrȮŐĸŃȮ_ji_lcȮnpmbsargmlȮ 

¶ ıńĥĬŅĔĸĵŋĪīƢŒĬĔŅĶĺŇĻĺĔĶĶĴőĮĶĨňĬȮőħĵŒĝƟŏĪėĬŇėȮbgpcarcbȮctmjsrgmlȮŐĸŃȮp_rgml_jȮbcqgelȮĶƞĺĴĔńĭĔŅĶ
ŒĝƟȮK_afglcȮjc_plgleȮŏıŊŗŀŒľƟœħƟŏŀĬœĞĴƢľĶŊŀőĮĶĨňĬĪňŗĪņĚŅĬœħƟħňȮŏĶƞĚĮĢŇĔŇĶŇĵŅœħƟŏĶŖĺȮ 

¶ ĽĶƟŅĚȮrmmjqȮĽņľĶńĭȮqwlrfcrgaȮ`gmjmewȮŏĝƞĬȮıńĥĬŅȮglbsag`jcȮnpmkmrcpȮĝĬŇħŒľĴƞȮŕȮĪňŗěņŏıŅŃĔńĭ 
ĽŅĶĝńĔĬņŐĨĔĨƞŅĚĔńĬȮŐĸŃœĴƞĝńĔĬņĔŅĶŐĽħĚŀŀĔĕƟŅĴĵňĬȮĽņľĶńĭŒĝƟėĺĭėŋĴĔŅĶŐĽħĚŀŀĔĵňĬĨƞŅĚȮŕȮŒĬĺĚěĶĵňĬȮ 

¶ ĔŅĶȮcleglccpȮacjjȮŒľƟŏĮƦĬȮepcclȮafckga_jȮd_armpwȮĔŅĶŏĮĸňŗĵĬįĸįĸŇĨ-ŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚěŅĔĔŅĶŏĔļĨĶȮ
ŏĝƞĬȮĔŅĔĴńĬȮĴńĬĽņĮŃľĸńĚȮĝŅĬŀƟŀĵȮŏıŊŗŀŏĮƦĬįĸŇĨĳńĦĤƢĴŌĸėƞŅĽŌĚŐĪĬĔŅĶŒĝƟįĸįĸŇĨ-ŏĻļĺńĽħŋŏľĸŊŀĪŇŘĚěŅĔĬŘņĴńĬ
ĮƕőĨĶŏĸňĵĴľĶŊŀĲŀĽĞŇĸ 

¶ ĔŅĶȮcleglccpȮacjjȮŏıŊŗŀŒĝƟŏĮƦĬĶŃĭĭŒĬĔŅĶėńħĔĶŀĚľŅŐŀĬĨŇĭŀħňĽņľĶńĭŒĝƟŏĮƦĬȮrfcp_ncsrgaȮľĶŊŀĬņœĮ
ĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬȮbg_elmqrgaȮ&acjj+̀_qcbȮ`gmqclqmp'ȮŒĬĪŅĚĔŅĶŐıĪĵƢȮĞŉŗĚĽŅĴŅĶĩĮĶŃĵŋĔĨƢŒĝƟŒĬħƟŅĬŀŅľŅĶȮ
ıĸńĚĚŅĬĝňĺĳŅıȮŐĸŃĽŇŗĚŐĺħĸƟŀĴœħƟħƟĺĵȮŏĝƞĬȮĔŅĶıńĥĬŅőĮĶőĴŏĨŀĶƢĪňŗĶńĭĽńĠĠŅĦěŅĔĽŇŗĚŐĺħĸƟŀĴŐĸŃĪņŒľƟįĸŇĨ
őĮĶĨňĬĪňŗĝƞĺĵŏıŇŗĴįĸįĸŇĨıŊĝľĶŊŀĨƟŅĬĪŅĬőĶėȮĔŅĶıńĥĬŅőĮĶœĭőŀĨŇĔĽƢŒľƟįĸŇĨĽŅĶĽņėńĠȮ 

¶ ŒĝƟŏĪėĬŇėȮ`gmgldmpk_rgaqȮŒĬĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸőŀĴŇĔĽƢľĸŅĵĶŃħńĭȮĨńŘĚŐĨƞĵňĬȮŀŅĶƢŏŀŖĬŏŀȮőĮĶĨňĬȮŏĴĨŅěňőĬ
ĴŇĔĽƢ-ŏĴĨŅĪĶŅĬĽėĶŇĮőĨĴŇĔĽƢȮŏıŊŗŀĔŅĶĽĶƟŅĚőĴŏħĸĕŀĚĽŇŗĚĴňĝňĺŇĨĪňŗĻŉĔļŅȮĪńŘĚĪňŗŏĮƦĬȮqglejcȮmpe_lgqkȮ&ŀňőėœĸȮ
ĵňĽĨƢ'ȮěĬĩŉĚĔŅĶĽĶƟŅĚőĴŏħĸĕŀĚȮksjrgnjcȮacjjȮŏĝƞĬȮőĴŏħĸıŊĝĪňŗĮĶŃĔŀĭħƟĺĵĽƞĺĬĶŅĔȮĸņĨƟĬȮŐĸŃŒĭȮŏĕƟŅ
ħƟĺĵĔńĬȮŐĸŃěņĸŀĚĔŅĶĨĶŉĚėŅĶƢĭŀĬœħŀŀĔœĞħƢŒĬŀŅĔŅĻŏĕƟŅĽŌƞŒĭŐĸŃŏĮĸňŗĵĬŏĮƦĬĬŘņĨŅĸĽŃĽĴŒĬŀĺńĵĺŃĨƞŅĚŕȮ
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ĪńŘĚĵńĚĽŅĴŅĶĩĽĶƟŅĚőĴŏħĸĪņĬŅĵĽĳŅĺŃĔŅĶŏĸňŘĵĚĪňŗŏľĴŅŃĽĴŒĬĔŅĶįĸŇĨĽŅĶĪňŗĨƟŀĚĔŅĶȮĔŅĶĪņȮqglejcȮeclcȮ
ľĶŊŀȮksjrgnjcȮeclcȮbcjcrgmlȮľĶŊŀȮmtcpcvnpcqqgmlȮĳŅĵŒĬŏĞĸĸƢȮŏıŊŗŀĪņĬŅĵįĸĸńıīƢĪňŗĨƟŀĚĔŅĶȮ 

¶ ĽĶƟŅĚőĴŏħĸėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮksjrgqncagcqȮĪņĬŅĵĔŅĶŒľƟŐĸŃĶńĭĽŅĶĶŃľĺƞŅĚěŋĸŇĬĪĶňĵƢĪňŗŀĵŌƞĶƞĺĴĔńĬ 
ŒĬĶŃĭĭȮŏĝƞĬȮőĴŏħĸėĺŅĴĽńĴıńĬīƢĕŀĚěŋĸŇĬĪĶňĵƢŒĬȮkgapm`g_jȮdscjȮacjjqȮŏıŊŗŀŒľƟĴňĔŅĶŏěĶŇĠŏĨŇĭőĨľĶŊŀįĸŇĨĽŅĶ
ĪňŗĨƟŀĚĔŅĶȮŐĸŃĽŅĴŅĶĩĪņĬŅĵĽĳŅĺŃĔŅĶŏĸňŘĵĚĪňŗŏľĴŅŃĽĴŏıŊŗŀĶńĔļŅȮamkkslgrwȮŒĬĶŃĭĭŀĵƞŅĚĵńŗĚĵŊĬȮőħĵ
ĵńĚėĚĴňĮĶŃĽŇĪīŇĳŅıĨŅĴĨƟŀĚĔŅĶ 

 

ĮƤĠľŅ-ŀŋĮĽĶĶėĪňŗŏĔňŗĵĺĕƟŀĚŒĬĔŅĶħņŏĬŇĬĔŅĶıńĥĬŅĭŋėĸŅĔĶĳŅĵŒĨƟľĸńĔĽŌĨĶ 
ĔŅĶıńĥĬŅĭŋėĸŅĔĶ8Ȯ 

¶ ĚĭĮĶŃĴŅĦĽĬńĭĽĬŋĬĪŋĬıńĥĬŅĭŋėĸŅĔĶĴňěņĔńħȮŐĸŃœĴƞĶŀĚĶńĭĔŅĶĽĶƟŅĚėĺŅĴĶƞĺĴĺŇěńĵȮŏėĶŊŀĕƞŅĵĺŇěńĵȮľĶŊŀĔŅĶ
ħņŏĬŇĬĚŅĬĺŇěńĵıŊŘĬģŅĬȮ 

¶ ĕŅħĭŋėĸŅĔĶħƟŅĬȮos_lrgr_rgtcȮ`gmjmewȮĬńĔĝňĺĺŇĪĵŅĪňŗĽŅĴŅĶĩėŇħĺŇŏėĶŅŃľƢŏĝŇĚėņĬĺĦœħƟȮľĶŊŀȮĬńĔĲƕĽŇĔĽƢ 
ĪňŗĽŅĴŅĶĩŏĕƟŅŒěĝňĺĺŇĪĵŅ 

¶ ėĺŅĴĪƟŅĪŅĵŒĬĔŅĶħŉĚħŌħĭŋėĸŅĔĶĨƞŅĚĽŅĕŅőħĵŏĜıŅŃȮamknsrcpȮqagclrgqrȮŒľƟĴňėĺŅĴĽĬŒěħƟŅĬĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢȮŐĸŃĔŅĶŏıŇŗĴěņĬĺĬŀŅěŅĶĵƢįŌƟĽŀĬĪňŗĴňėĺŅĴŏĝňŗĵĺĝŅĠħƟŅĬĪňŗŏĔňŗĵĺĕƟŀĚĞŉŗĚŏĮƦĬĔņĸńĚĽņėńĠŒĬĔŅĶ
ıńĥĬŅĭŋėĸŅĔĶĕŀĚĮĶŃŏĪĻ 

¶ ĴľŅĺŇĪĵŅĸńĵœĴƞĽŅĴŅĶĩėńħŏĸŊŀĔėŋĦĳŅıĕŀĚĬńĔĻŉĔļŅĪňŗŏĕƟŅŏĶňĵĬĶŃħńĭĮĶŇĠĠŅĨĶňœħƟȮĞŉŗĚėŋĦĳŅıĕŀĚĬńĔĻŉĔļŅĴň
įĸĨƞŀėĺŅĴıĶƟŀĴŒĬĔŅĶŏĶňĵĬȮĬńĔĻŉĔļŅĪňŗĴňėŋĦĳŅıĴńĔěŃĴňėĺŅĴĶŌƟıŊŘĬģŅĬŐĸŃĔĶŃĭĺĬĔŅĶŏĶňĵĬĶŌƟĪňŗħňȮĞŉŗĚ
ĽŅĴŅĶĩĮĶŃĵŋĔĨƢĨƞŀĵŀħħƟŅĬȮqwlrfcrgaȮ`gmjmewȮœħƟħň 

¶ ĕŅħĬńĔĻŉĔļŅĪňŗěŃĽĴńėĶŏĕƟŅŏĶňĵĬŒĬľĸńĔĽŌĨĶĶŃħńĭĮĶŇĠĠŅőĪ+ŏŀĔȮŏĬŊŗŀĚěŅĔėĺŅĴœĴƞĝńħŏěĬħƟŅĬėĺŅĴĨƟŀĚĔŅĶ
ĕŀĚįŌƟĮĶŃĔŀĭĔŅĶ-ĨĸŅħŐĶĚĚŅĬȮĬŀĔěŅĔĬňŘȮħƟĺĵĮƤěěńĵĪŅĚĽńĚėĴĪňŗŏĮĸňŗĵĬœĮȮĬńĔĻŉĔļŅĴňĪŅĚŏĸŊŀĔ 
ŒĬĽŅĵŀŅĝňıľĸŅĔľĸŅĵȮŐĸŃőŀĔŅĽœħƟĶńĭŏĚŇĬŏħŊŀĬĽŌĚĔĺƞŅĔŅĶĻŉĔļŅĨƞŀŒĬĶŃħńĭĮĶŇĠĠŅőĪ-ŏŀĔ 

ĔŅĶĺŇěńĵ-ĪŋĬĺŇěńĵ8 

¶ ĕŅħŐėĸĬĚĭĮĶŃĴŅĦŒĬĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ-ĪŋĬĺŇěńĵĪňŗĽĬńĭĽĬŋĬĔŅĶĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟŐĸŃıńĥĬŅŏĪėőĬőĸĵňģŅĬ 
ĴňěņĔńħȮŏĬŊŗŀĚěŅĔŐľĸƞĚĪŋĬĽƞĺĬŒľĠƞĽĬńĭĽĬŋĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢĪňŗěńĭĨƟŀĚœħƟȮľĶŊŀĔņľĬħŒľƟĴň 
ĔŅĶħņŏĬŇĬĔŅĶĶƞĺĴĔńĭįŌƟĮĶŃĔŀĭĔŅĶȮȮŀĵƞŅĚœĶĔŖĨŅĴȮĚŅĬĺŇěńĵħƟŅĬȮqwlrfcrgaȮ`gmjmewȮŏĮƦĬĚŅĬĺŇěńĵıŊŘĬģŅĬȮ
&̀_qgaȮpcqc_paf'ȮĪņŒľƟœħƟĕƟŀĴŌĸĽņėńĠĽņľĶńĭĔŅĶŀŀĔŐĭĭŐĸŃĺŇŏėĶŅŃľƢȮĞŉŗĚŐĴƟěŃĴňĪŋĬȮDslb_kclr_jȮDslbȮ
&DD'ȮĪňŗĶńģĭŅĸĽĬńĭĽĬŋĬŒľƟĴľŅĺŇĪĵŅĸńĵŒĝƟŒĬĔŅĶıńĥĬŅŀĚėƢėĺŅĴĶŌƟȮŐĨƞĔŖĵńĚœĴƞŏıňĵĚıŀĪňŗěŃıńĥĬŅĚŅĬĺŇěńĵĪňŗĴň
ėŋĦĳŅıȮŏıŊŗŀĽĶƟŅĚėĺŅĴĶŌƟȮėĺŅĴĝņĬŅĠȮ&Ilmu+fmu'ȮėĺŅĴŏĮƦĬŏěƟŅĕŀĚŒĬŏĪėőĬőĸĵňŐĸŃįĸŇĨĳńĦĤƢĕŀĚ
ĮĶŃŏĪĻȮŀńĬěŃĬņœĮĽŌƞĔŅĶĨƞŀĵŀħŒĝƟĮĶŃőĵĝĬƢŀĵƞŅĚĵńŗĚĵŊĬ 

¶ ĬŀĔěŅĔĬňŘĪŋĬĽņľĶńĭĬńĔĻŉĔļŅĶŃħńĭĮĶŇĠĠŅŒĬĴľŅĺŇĪĵŅĸńĵȮĽĬńĭĽĬŋĬŏĜıŅŃėƞŅŏĪŀĴŐĸŃėƞŅŒĝƟěƞŅĵ
ĮĶŃěņŏħŊŀĬȮőħĵœĴƞĶĺĴėƞŅīĶĶĴŏĬňĵĴĔŅĶĪņĺŇěńĵȮ&@clafȮDcc'ȮěŉĚœĴƞŏıňĵĚıŀĽņľĶńĭĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵĶŃħńĭ
őĴŏĸĔŋĸȮ&kmjcasj_p'ȮĞŉŗĚħƟĺĵĕƟŀěņĔńħħƟŅĬĚĭĮĶŃĴŅĦĺŇěńĵħńĚĔĸƞŅĺȮĔŅĶŏĶňĵĬĔŅĶĽŀĬěŉĚŏĮƦĬĔŅĶĬņĶŃĭĭĪňŗĴňĴŅ
ĮĶŃĵŋĔĨƢŒĝƟŒĬħƟŅĬĨƞŅĚȮŕȮŐĪĬĪňŗĬńĔĻŉĔļŅěŃœħƟŏĶňĵĬĶŌƟĔŅĶŀŀĔŐĭĭȮqwqrckȮŐĸŃĽĶƟŅĚĶŃĭĭŒľĴƞȮŕ 

¶ dslbgleȮ_eclawȮĵńĚœĴƞŒľƟėĺŅĴĽņėńĠĔńĭȮqwlrfcrgaȮ`gmjmewȮĴŅĔĬńĔȮ 
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őėĶĚĽĶƟŅĚıŊŘĬģŅĬ8 

¶ ŀŋĮĔĶĦƢŐĸŃŏėĶŊŗŀĚĴŊŀŒĬĔŅĶĺŇŏėĶŅŃľƢĴňěņĔńħȮŏĝƞĬȮEA*ȮJA+KQ*ȮĶŃĭĭŏıŅŃŏĸňŘĵĚŒĬĶŃħńĭĕĵŅĵĕĬŅħ 

¶ ĚĭĮĶŃĴŅĦŒĬĔŅĶěńħĞŊŘŀŀŋĮĔĶĦƢȮĶĺĴĩŉĚĚĭĮĶŃĴŅĦėƞŅĞƞŀĴŐĞĴŏėĶŊŗŀĚĴŊŀŐĸŃŀŋĮĔĶĦƢŏıŊŗŀĔŅĶĺŇěńĵĴňěņĔńħȮ 

¶ ĔŅĶŏĕƟŅĩŉĚőėĶĚĽĶƟŅĚıŊŘĬģŅĬĕŀĚĮĶŃŏĪĻ8ȮŏėĶŊŗŀĚĴŊŀĭŅĚŀĵƞŅĚĶŅėŅŐıĚȮŐĸŃĔĶŃěŋĔŀĵŌƞŒĬĭŅĚĴľŅĺŇĪĵŅĸńĵ 

¶ ŏĪėőĬőĸĵňıŊŘĬģŅĬĪňŗŒĝƟŒĬĔŅĶĺŇěńĵħƟŅĬȮqwlrfcrgaȮ`gmjmewȮœĴƞœħƟħņŏĬŇĬĔŅĶŏŀĚŒĬĮĶŃŏĪĻȮŏĝƞĬȮeclcȮqwlrfcqgq*Ȯ
eclcȮqcosclagleȮĪņŒľƟĚŅĬœĮœħƟĝƟŅȮŐĸŃĴňĶŅėŅŐıĚȮŒĬĕĦŃĪňŗőŀĔŅĽœħƟĶńĭĔŅĶĽĬńĭĽĬŋĬĪŋĬĺŇěńĵȮ`_qgaȮ
qagclacȮĪńŘĚŒĬĶŃħńĭĴľŅĺŇĪĵŅĸńĵŐĸŃĪŋĬĺŇěńĵŒĬĮĶŃŏĪĻėƞŀĬĕƟŅĚĨŗņȮĽƞĚįĸŒľƟĺńĢěńĔĶĕŀĚĔŅĶĺŇěńĵŐĸŃıńĥĬŅ
ŏĮƦĬœĮŀĵƞŅĚĝƟŅȮŕȮŏĮƦĬŀŋĮĽĶĶėŒĬĔŅĶĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟŐĸŃĔŅĶįĸŇĨįĸĚŅĬŏĝŇĚĮĶŃěńĔļƢ 

¶ ĚŅĬħƟŅĬȮamknsr_rgml_j-Ȯk_rfck_rga_jȮkmbcjgleȮŐĸŃȮqgksj_rgmlȮĨƟŀĚĔŅĶĶŃĭĭėŀĴıŇĺŏĨŀĶƢ
ĽĴĶĶĩĬŃĽŌĚȮ&FgefȮNcpdmpk_lacȮAmknsrgle8ȮFNA'ȮěńħĨńŘĚŒĬıŊŘĬĪňŗĪňŗĴňĽĳŅıŐĺħĸƟŀĴŏľĴŅŃĽĴȮĶĺĴĩŉĚ
ĨƟŀĚĔŅĶįŌƟŏĝňŗĵĺĝŅĠȮ&cvncprq'ȮȮŒĬĔŅĶħŌŐĸŏėĶŊŗŀĚĴŊŀŐĸŃĭĶŇľŅĶěńħĔŅĶĔŅĶŏıŊŗŀŒľƟŏĔŇħĔŅĶŒĝƟĮĶŃőĵĝĬƢĽŌĚĽŋħȮ
ĪńŘĚĬňŘĔĶĦňĪňŗœĴƞĴňőėĶĚĽĶƟŅĚıŊŘĬģŅĬŒĬľĬƞĺĵĚŅĬȮĽŅĴŅĶĩŒĝƟĶŃĭĭėĸŅĺħƢœħƟȮŐĨƞįŌƟŒĝƟĚŅĬĨƟŀĚĴňĪńĔļŃŒĬĔŅĶ
ĨŇħĨńŘĚőĮĶŐĔĶĴŐĸŃĔŅĶŏĔŖĭĕƟŀĴŌĸ 

ĔĸœĔĽĬńĭĽĬŋĬ8Ȯ 

¶ ĔŅĶĽĶƟŅĚėĺŅĴĶƞĺĴĴŊŀĔńĭĳŅėŏŀĔĝĬ8ȮĔŅĶľŅĳŅėŏŀĔĝĬĶƞĺĴĸĚĪŋĬĺŇěńĵŐĸŃıńĥĬŅėƞŀĬĕƟŅĚĵŅĔȮŏĬŊŗŀĚěŅĔ
ĭĶŇļńĪŏŀĔĝĬĕĬŅħŒľĠƞĴńŗĬŒěŏĪėőĬőĸĵňĨƞŅĚĮĶŃŏĪĻĴŅĔĔĺƞŅȮěŉĚŏĸŊŀĔĪňŗěŃĞŊŘŀ-ĬņŏĕƟŅŏĪėőĬőĸĵňěŅĔĨƞŅĚĮĶŃŏĪĻȮȮ
ĕĦŃĪňŗĭĶŇļńĪŏŀĔĝĬĕĬŅħŏĸŖĔŐĸŃĔĸŅĚœĴƞĔĸƟŅŏĽňŗĵĚĪňŗěŃĸĚĪŋĬŒĬŏĪėőĬőĸĵňŒľĴƞȮŕȮ 

 
ĕƟŀŏĽĬŀŐĬŃ 

ĔŅĶıńĥĬŅĭŋėĸŅĔĶ8Ȯ 

¶ ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĮƦĬȮglrcpbgqagnjgl_pwȮƱcjbȮĕŀĚĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮľĸńĔĽŌĨĶĪňŗŏľĴŅŃĽĴėĺĶȮ
glrcep_rcȮėĺŅĴĶŌƟěŅĔľĸŅĔľĸŅĵĽŅĕŅȮĴňĔŅĶŏĶňĵĬĔŅĶĽŀĬĪňŗėĶŀĭėĸŋĴıŊŘĬģŅĬħƟŅĬȮacjjȮ`gmjmew*Ȯ
cleglccpgle*Ȯ`gmafckgqrpw*ȮeclcrgaȮcleglccpgle*Ȯ̀gmqagclacȮ_lbȮ_nnjga_rgmlȮĔŅĶŀŀĔŐĭĭȮ
@gmgldmpk_rgaq*ȮK_afglcȮjc_plgle*ȮĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮ&B_r_Ȯ_l_jwqgq'*ȮQrpsarsp_jȮ`gmjmewȮŐĸŃ
ėĺŅĴĶŌƟĪŅĚħƟŅĬȮ@gmnpmacqqȮcleglccpgleȮĨĸŀħěĬĔŅĶŏĽĶŇĴĪńĔļŃĔĶŃĭĺĬĔŅĶėŇħŏĝŇĚĶŃĭĭĔŅĶėŇħŐĸŃ
ĺŇŏėĶŅŃľƢȮ&Apgrga_jȮrfgligleȮqigjjq'ȮŐĸŃĪńĔļŃĪŅĚĳŅļŅĞŉŗĚŏĮƦĬŏėĶŊŗŀĚĴŊŀĽņėńĠĪňŗěŃĪņŒľƟŏĕƟŅĩŉĚĚŅĬĺŇěńĵ
ŐĸŃŏĕƟŅŒěĭĪėĺŅĴĪŅĚĺŇĝŅĔŅĶ ŀŀĔŐĭĭľĸńĔĽŌĨĶŒľƟĴňĔŅĶŏĶňĵĬĶŌƟħƟŅĬȮqwqrckȮbcqgelȮėĺĭėŌƞœĮĔńĭĔŅĶŏĶňĵĬĶŌƟ
ħƟŅĬȮqwlrfcrgaȮacjjȮŏıŊŗŀŒľƟĽŅĴŅĶĩŒĝƟȮamknsr_rgml_jȮkmbcjgleȮŒĬĔŅĶŀŀĔŐĭĭŏĞĸĸƢľĶŊŀŀĚėƢĮĶŃĔŀĭ
ĪŅĚĝňĺĳŅıȮĔŅĶĪħĽŀĭőĴŏħĸŏıŊŗŀĻŉĔļŅėĺŅĴŏĮƦĬœĮœħƟĳŅĵŒĨƟĽĳŅĺŃĨƞŅĚȮŕȮĔƞŀĬĪňŗěŃĮĶńĭĮĶŋĚĽŇŗĚĴňĝňĺŇĨ 
ŒľƟĴňėŋĦĽĴĭńĨŇĨŅĴĪňŗĨƟŀĚĔŅĶȮŀĵƞŅĚœĶĔŖĨŅĴȮħƟĺĵĕƟŀěņĔńħħƟŅĬĶŃĵŃŏĺĸŅĕŀĚľĸńĔĽŌĨĶŒĬĮƤěěŋĭńĬȮŐĸŃ 
ėĺŅĴŏĝňŗĵĺĝŅĠĕŀĚĬńĔĻŉĔļŅŐĨƞĸŃėĬĨƞŅĚĔńĬȮŐĬĺĪŅĚŏĶƞĚėĺŅĴŏĶŖĺŒĬĔŅĶıńĥĬŅĚŅĬħƟŅĬȮqwlrfcrgaȮ`gmjmewȮ
ěŉĚŀŅěŏĮƦĬĔŅĶĪņĚŅĬĶƞĺĴĔńĬĶŃľĺƞŅĚȮqwqrckqȮ̀gmjmegqrȮŐĸŃȮqwlrfcrgaȮ`gmjmegqr 

¶ ĔŅĶıńĥĬŅľĸńĔĽŌĨĶĶŃħńĭĮĶŇĠĠŅĨĶňĪňŗĽŀħėĸƟŀĚĔńĭľĸńĔĽŌĨĶĶŃħńĭĮĶŇĠĠŅőĪĪňŗĴňŀĵŌƞȮėŅħĺƞŅěŃĝƞĺĵŒľƟ 
ĴňěņĬĺĬĬńĔĻŉĔļŅĪňŗĽĴńėĶŏĶňĵĬĶŃħńĭĮĶŇĠĠŅőĪŏıŇŗĴĕŉŘĬȮĬŀĔěŅĔĬňŘĕƟŀĴŌĸŐĬĺőĬƟĴĨĸŅħŐĶĚĚŅĬĶŃħńĭőĸĔȮ
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ŐĸŃėĺŅĴĨƟŀĚĔŅĶĔņĸńĚėĬŒĬħƟŅĬĨƞŅĚȮŕȮȮŏĮƦĬŐĶĚěŌĚŒěŒľƟĴňĭŋėĸŅĔĶĽĬŒěĽĴńėĶŏĕƟŅĻŉĔļŅŐĸŃĪņĚŅĬĺŇěńĵ
ĪŅĚħƟŅĬĬňŘĴŅĔĕŉŘĬ 

¶ ĔŅĶĽĬńĭĽĬŋĬĪŋĬıńĥĬŅĭŋėĸŅĔĶĺŇěńĵĪňŗŒľƟėƞŅĨŀĭŐĪĬħŉĚħŌħŏĮƦĬŐĬĺĪŅĚľĬŉŗĚĪňŗěŃĝƞĺĵŏıŇŗĴőŀĔŅĽŒľƟĴňĬńĔĻŉĔļŅ
ĽĬŒěĽĴńėĶŏĕƟŅŏĶňĵĬŒĬľĸńĔĽŌĨĶȮŏıŇŗĴĔŅĶĽĬńĭĽĬŋĬĪŋĬıńĥĬŅĭŋėĸŅĔĶĪňŗĴňĻńĔĵĳŅıĨŀĭĨĸŅħŐĶĚĚŅĬȮŏĝƞĬȮ 
ĪŋĬĽĬńĭĽĬŋĬĔŅĶıńĥĬŅĭŋėĸŅĔĶĳŅĵŒĨƟőėĶĚĔŅĶȮŴīńĝĺŇĪĵƢŵȮĭıė,ȮĴňĔŅĶĔņľĬħŒľƟľńĺĕƟŀĺŇěńĵĴŅěŅĔĽĩŅĭńĬĺŇěńĵ
ľĶŊŀŏŀĔĝĬȮŐĸŃĬńĔĻŉĔļŅĨƟŀĚĪņĚŅĬĺŇěńĵĪňŗĽĩŅĭńĬĺŇěńĵľĶŊŀĳŅėŏŀĔĝĬŀĵƞŅĚĬƟŀĵȮ5.#ȮĕŀĚĶŃĵŃŏĺĸŅ 
ĨĸŀħľĸńĔĽŌĨĶȮ 

¶ ĽĬńĭĽĬŋĬĪŋĬıńĥĬŅĭŋėĸŅĔĶĺŇěńĵĪňŗĴňėƞŅŒĝƟěƞŅĵėĶŀĭėĸŋĴĔŅĶİƗĔŀĭĶĴŏĝŇĚĮĢŇĭńĨŇĔŅĶȮĔŅĶěńħİƗĔŀĭĶĴĶƞĺĴĔńĭ
ĨƞŅĚĮĶŃŏĪĻȮĽĶƟŅĚŏėĶŊŀĕƞŅĵėĺŅĴĶƞĺĴĴŊŀĶŃħńĭĬŅĬŅĝŅĨŇȮ&ejm`_jȮn_prlcpqfgn'ȮĶĺĴĩŉĚėƞŅĺńĽħŋŒĝƟĽŀĵ 
ŒĬĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶȮŏıŊŗŀŒľƟĬńĔĻŉĔļŅœħƟŏĶňĵĬĶŌƟĪńĔļŃĔŅĶŀŀĔŐĭĭŐĸŃĽŅĴŅĶĩ
ĮĢŇĭńĨŇœħƟěĶŇĚ 

¶ ĔŅĶıńĥĬŅĪńĔļŃŏĨĶňĵĴėĺŅĴıĶƟŀĴŒĬĔŅĶĮĶŃĔŀĭŀŅĝňıȮŏĝƞĬȮĔŅĶİƗĔĚŅĬ-ĶƞĺĴĺŇěńĵĔńĭĳŅėŏŀĔĝĬľĶŊŀ
ĝŋĴĝĬȮıŅĬńĔĻŉĔļŅŏĵňŗĵĴĝĴőĶĚĚŅĬȮĽŀħŐĪĶĔĔŅĶĽŀĬŒľƟĴňŐĬĺėĺŅĴėŇħĶŇŏĶŇŗĴŒĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅȮ 
ĴňȮmpgegl_jgrw*ȮĴňĔĶĶĴĽŇĪīŇśŒĬĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅȮ&GN'ȮĔŅĶĬņŏĽĬŀȮgbc_ȮngrafgleȮĽŀĬĔŅĶėŇħĬĺńĨĔĶĶĴ
ŒľĴƞȮŕȮȮĽĶƟŅĚĕŀĚĪňŗĴňėĺŅĴĨƟŀĚĔŅĶŐĨƞįŌƟŀŊŗĬœĴƞĽŅĴŅĶĩĸŀĔŏĸňĵĬŐĭĭľĶŊŀĪņĨŅĴœħƟĵŅĔȮŐĬĺėŇħŒĬĔŅĶėŇħėƟĬ
ŏŀĔĸńĔļĦƢĕŀĚįĸŇĨĳńĦĤƢȮŐĬŃĬņŒľƟĬńĔĻŉĔļŅŏĶňĵĬľĸńĔĽŌĨĶĶŃĵŃĽńŘĬŏıŇŗĴŏĨŇĴȮŏĝƞĬȮŀĭĶĴĔŅĶěńħĪņĶŃĭĭ
ŀŋĨĽŅľĔĶĶĴȮGQM23...ȮėĺŅĴĶŌƟħƟŅĬĔġĶŃŏĭňĵĭĪňŗŏĔňŗĵĺĕƟŀĚȮĔŅĶĭĶĶĵŅĵőħĵįŌƟŏĝňŗĵĺĝŅĠ-ŀŅěŅĶĵƢĳŅĵĬŀĔ-
ĻŇļĵƢŏĔƞŅȮŒĬŏĶŊŗŀĚĪňŗŏĮƦĬĮĶŃőĵĝĬƢŏĔňŗĵĺĕƟŀĚȮŏĝƞĬȮŀŅěŅĶĵƢěŅĔėĦŃĭĶŇľŅĶīŋĶĔŇěȮįŌƟŏĝňŗĵĺĝŅĠ-ĻŇļĵƢŏĔƞŅȮ 
ĪňŗĴňĮĶŃĽĭĔŅĶĦƢĔŅĶĪņȮqr_prsnȮ 

¶ ĴľŅĺŇĪĵŅĸńĵŐĸŃľĬƞĺĵĚŅĬĳŅėĶńģŒľƟĔŅĶĽĬńĭĽĬŋĬőėĶĚĔŅĶėĺŅĴĶƞĺĴĴŊŀĶŃľĺƞŅĚŀŅěŅĶĵƢěŅĔėĦŃ-ĳŅėĺŇĝŅ
ĨƞŅĚȮŕȮȮŏĝƞĬȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮėĦŃĺŇĪĵŅĻŅĽĨĶƢĳŅėĺŇĝŅĨƞŅĚȮŕȮŀŅěĨńŘĚŏĮƦĬĝĴĶĴȮŏĝƞĬȮIKGRJ+gECK*Ȯ
AS+gECK*ȮKS+gECKȮĶĺĴĬńĔĻŉĔļŅĶŃħńĭĮĶŇĠĠŅĨĶňȮĮĶŇĠĠŅőĪȮŐĸŃĮĶŇĠĠŅŏŀĔȮőħĵĴňŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĶƞĺĴįĸńĔħńĬŐĸŃıńĥĬŅőėĶĚĔŅĶĶƞĺĴĔńĬȮŏĮƦĬěŋħŏĶŇŗĴĨƟĬĕŀĚĔŅĶĽĶƟŅĚĽńĚėĴĺŇěńĵĪňŗĴňĔŅĶŐĸĔŏĮĸňŗĵĬŏĶňĵĬĶŌƟ
ŐĬĺėŇħĞŉŗĚĔńĬŐĸŃĔńĬȮŏĨĶňĵĴėĺŅĴıĶƟŀĴŒľƟĴňėĺŅĴĶŌƟľĶŊŀĪńĔļŃĪňŗěŃĨƞŀĵŀħĪŅĚȮqwlrfcrgaȮ`gmjmew 

¶ ŐĬĺĪŅĚĔŅĶıńĥĬŅĭŋėĸŅĔĶŒľƟĴňėĺŅĴĶŌƟėĺŅĴĽŅĴŅĶĩŏıŇŗĴĕŉŘĬȮsn+qigjj*Ȯpc+qigjjȮŒĬĶŃĵŃŏĺĸŅĽńŘĬȮŏĝƞĬȮ
ĔŅĶĻŉĔļŅįƞŅĬľĸńĔĽŌĨĶĶŃĵŃĽńŘĬȮĔŅĶİƗĔŀĭĶĴŏĝŇĚĮĢŇĭńĨŇĔŅĶȮŐĸŃĔŅĶĽĶƟŅĚŏėĶŊŀĕƞŅĵėĺŅĴĶƞĺĴĴŊŀĶŃħńĭ
ĬŅĬŅĝŅĨŇȮ 

ĔŅĶĺŇěńĵ-ĪŋĬĺŇěńĵ8Ȯ 

¶ ĔŅĶįĸńĔħńĬȮqwlrfcrgaȮ`gmjmewȮĕŀĚĮĶŃŏĪĻŒľƟĔƟŅĺľĬƟŅŐĸŃĽĶƟŅĚįĸĔĶŃĪĭŒľƟŏĔŇħĕŉŘĬœħƟěĶŇĚȮĨƟŀĚĔŅĶ 
ĔŅĶĽĬńĭĽĬŋĬĪŋĬĺŇěńĵĨƟĬĬŘņ-`_qgaȮpcqc_pafȮŀĵƞŅĚĨƞŀŏĬŊŗŀĚħƟĺĵĶŃĵŃŏĺĸŅŐĸŃĚĭĮĶŃĴŅĦĪňŗŏľĴŅŃĽĴĔńĭ
ĔŅĶıńĥĬŅĭŋėĸŅĔĶĺŇěńĵȮŏıŊŗŀĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟŐĸŃŏĪėőĬőĸĵňģŅĬŒľƟĔńĭĮĶŃŏĪĻȮĽĶƟŅĚŒľƟŏĔŇħįĸĚŅĬ 
ŏĝŇĚĮĶŃěńĔļƢŒĬĽńĚėĴĺŇĝŅĔŅĶȮįƞŅĬĔŅĶĨňıŇĴıƢĭĪėĺŅĴĺŇĝŅĔŅĶŒĬĺŅĶĽŅĶĶŃħńĭĬŅĬŅĝŅĨŇȮŐĸŃŏĮƦĬěŋħŏĶŇŗĴĨƟĬ 
ŒĬĔŅĶĽĶƟŅĚėĺŅĴĶƞĺĴĴŊŀĺŇěńĵĔńĭĳŅėĽƞĺĬĨƞŅĚȮŕȮŀńĬěŃĬņœĮĽŌƞĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢŐĸŃĮĶŃĵŋĔĨƢŒĝƟĮĶŃőĵĝĬƢ
ŒĬŀĬŅėĨĶŃĵŃĵŅĺȮőħĵĴňŐĬĺĪŅĚĔŅĶĔņľĬħħńĝĬňĝňŘĺńħėĺŅĴĽņŏĶŖěĕŀĚĔŅĶĨńŘĚŏĮƚŅľĴŅĵŒĬĔŅĶĽĬńĭĽĬŋĬ 
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ĪŋĬĺŇěńĵȮŏĝƞĬȮěņĬĺĬĭĪėĺŅĴĨňıŇĴıƢȮĔŅĶĽĶƟŅĚėĺŅĴĽŅĴŅĶĩĪŅĚŏĪėőĬőĸĵňĪňŗĪņŒľƟĨƟĬĪŋĬĸħĸĚȮŒĝƟĶŃĵŃŏĺĸŅ 
ŒĬĔŅĶıńĥĬŅĽńŘĬĸĚ 

¶ ŐľĸƞĚĪŋĬėĺĶĽĬńĭĽĬŋĬĚŅĬĺŇěńĵıŊŘĬģŅĬĪňŗĽŅĴŅĶĩĮĶŃĵŋĔĨƢŒĝƟœħƟľĸŅĔľĸŅĵȮŏĮƦĬȮamkkmlȮilmujcbecȮȮȮȮȮȮȮ
ĪňŗŏĕƟŅĩŉĚŐĸŃĬņœĮŒĝƟĮĶŃőĵĝĬƢœħƟŀĵƞŅĚĩŌĔĨƟŀĚȮŏĝƞĬȮŏėĶŊŗŀĚĴŊŀȮqcosclagleȮ_l_jwqgq*Ȯafckga_jȮ_l_jwqgq*Ȯ
ģŅĬĕƟŀĴŌĸŏĞĸĸƢȮěŋĸŇĬĪĶňĵƢȮľĶŊŀȮėĸńĚőĮĶőĴŏĨŀĶƢȮŏĮƦĬĨƟĬȮ 

¶ ĔŅĶĪņĚŅĬĺŇěńĵĶƞĺĴĔńĬĶŃľĺƞŅĚĴľŅĺŇĪĵŅĸńĵŒĬŐĸŃĨƞŅĚĮĶŃŏĪĻȮĝƞĺĵŒľƟŏĔŇħĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶŌƟȮėĺŅĴ
ŏĝňŗĵĺĝŅĠȮĔŅĶŏĕƟŅĩŉĚŏėĶŊŗŀĚĴŊŀȮĪņŒľƟĔŅĶĺŇěńĵĔƟŅĺľĬƟŅŐĸŃŏıŇŗĴőŀĔŅĽĮĶŃĽĭėĺŅĴĽņŏĶŖěĴŅĔĕŉŘĬȮ 

¶ ėĺŅĴŏĕƟŅŒěĕŀĚȮdslbgleȮ_eclawȮŏĔňŗĵĺĔńĭȮqwlrfcrgaȮ`gmjmewȮĴňĽƞĺĬĽņėńĠĪňŗěŃĝƞĺĵįĸńĔħńĬŒľƟĴňĔŅĶĪŋƞĴ
ĚĭĮĶŃĴŅĦĽĬńĭĽĬŋĬĪŋĬĺŇěńĵŏıŊŗŀĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟȮıńĥĬŅŏĪėőĬőĸĵňģŅĬȮľĶŊŀȮdpmlrgcpȮpcqc_pafȮŏıŇŗĴ 
ĴŅĔĕŉŘĬȮĪńŘĚĬňŘŏĬŊŗŀĚěŅĔȮqwlrfcrgaȮ`gmjmewȮĨƟŀĚĔŅĶĕƟŀĴŌĸıŊŘĬģŅĬěŅĔȮ`_qgaȮpcqc_pafȮėƞŀĬĕƟŅĚĴŅĔ 
ŏıŊŗŀĬņœĮĨƞŀĵŀħȮěŉĚėĺĶŏıŇŗĴĽńħĽƞĺĬĪŋĬıŊŘĬģŅĬ ŏıŊŗŀŒľƟĬńĔĺŇěńĵĶŋƞĬŒľĴƞĴňőŀĔŅĽĽĶƟŅĚģŅĬĪňŗěŃĨƞŀĵŀħœĮĽŌƞĚŅĬ 
ĨŀĭőěĪĵƢĔĸĵŋĪīƢœħƟ őħĵĶŃĵŃŐĶĔŀŅěĮĶńĭĽńħĽƞĺĬĔŅĶĽĬńĭĽĬŋĬĪŋĬȮDslb_kclr_jȮDslbȮ&DD'Ȯ8Ȯ
Qrp_rcegaȮDslbȮ&QD'ȮŏĮƦĬȮ6.80.ȮȮŐĸƟĺěŉĚėƞŀĵȮŕȮĮĶńĭĽńħĽƞĺĬŏĮƦĬȮ5.81.*Ȯ4.82.*Ȯ3.83.ȮŏĮƦĬĨƟĬ 

¶ ĪŋĬĽņľĶńĭĬńĔĺŇěńĵĶŋƞĬŒľĴƞȮėĺĶĮĶńĭŏĔĦĤƢėŋĦĽĴĭńĨŇįŌƟĴňĽŇĪīŇśĽĴńėĶĕŀĪŋĬŒľƟŀĵŌƞŒĬĶŃħńĭĪňŗœĴƞĽŌĚŏĔŇĬœĮȮ 
ŏıŊŗŀŏĮƕħőŀĔŅĽŒľƟĬńĔĺŇěńĵœħƟĶŇŏĶŇŗĴĚŅĬĺŇěńĵĪňŗĴňėĺŅĴėŇħĽĶƟŅĚĽĶĶėƢȮľĶŊŀĚŅĬĺŇěńĵĪňŗĴňėĺŅĴĪƟŅĪŅĵȮ 

őėĶĚĽĶƟŅĚıŊŘĬģŅĬ8Ȯ 

¶ ĔŅĶĽĬńĭĽĬŋĬĚĭĮĶŃĴŅĦėƞŅĞƞŀĴŐĞĴŏėĶŊŗŀĚĴŊŀŐĸŃŀŋĮĔĶĦƢȮĴňĽƞĺĬĝƞĺĵŒľƟĔŅĶŏĶňĵĬĔŅĶĽŀĬŐĸŃĔŅĶĺŇěńĵ 
ĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬȮĪńŘĚĬňŘŀŅěĽĬńĭĽĬŋĬėƞŅĞƞŀĴŐĞĴėĶŋĳńĦĤƢŏĮƦĬŐıŖĔŏĔěĪňŗĴŅıĶƟŀĴĔńĭĚĭĮĶŃĴŅĦ
ĽĬńĭĽĬŋĬĔŅĶěńħĞŊŘŀėĶŋĳńĦĤƢȮľĶŊŀȮŏıŇŗĴĽńħĽƞĺĬľĴĺħĚĭĮĶŃĴŅĦėƞŅĞƞŀĴŐĞĴėĶŋĳńĦĤƢĳŅĵŒĨƟĪŋĬȮDDȮŏıŊŗŀ
ĶŀĚĶńĭėƞŅŏħŇĬĪŅĚĽņľĶńĭŏěƟŅľĬƟŅĪňŗŒľƟĭĶŇĔŅĶĞƞŀĴŐĞĴėĶŋĳńĦĤƢĪňŗĔĶŃěŅĵŀĵŌƞĨŅĴĳŌĴŇĳŅėȮ 

¶ ıŊŘĬģŅĬĚŅĬȮqwlrfcrgaȮ`gmjmewȮĽƞĺĬľĸńĔėŊŀĔŅĶĪņĚŅĬħƟŅĬȮkmjcasj_pȮ`gmjmewȮĶƞĺĴĔńĭĚŅĬĺŇŏėĶŅŃľƢ
ĕƟŀĴŌĸȮħńĚĬńŘĬőėĶĚĽĶƟŅĚıŊŘĬģŅĬĪňŗŏĔňŗĵĺĕƟŀĚȮŏėĶŊŗŀĚĴŊŀŏıŊŗŀĔŅĶĺŇěńĵĪňŗĴňŀĵŌƞĨŅĴĽĩŅĭńĬĨƞŅĚȮŕȮĽŅĴŅĶĩĬņĴŅŒĝƟœħƟȮ
ŏėĶŊŗŀĚĴŊŀıŊŘĬģŅĬȮŏĝƞĬȮFgefȮrfpmsefnsrȮ&FRN'ȮŒĬĶŃĵŃŐĶĔŀŅěœĴƞěņŏĮƦĬĨƟŀĚĸĚĪŋĬĪŋĔľĬƞĺĵĚŅĬȮŐĨƞėĺĶ
ıńĥĬŅŒľƟĴňĔĸœĔĔŅĶŏĕƟŅĩŉĚŏėĶŊŗŀĚĴŊŀȮŏĝƞĬȮľĬƞĺĵĚŅĬĪňŗĴňŏėĶŊŗŀĚĴŊŀŏĮƕħŏĮƦĬĚŅĬŒľƟĭĶŇĔŅĶĺŇĝŅĔŅĶȮľĶŊŀȮĽĶƟŅĚ
ėĺŅĴĶƞĺĴĴŊŀĺŇěńĵĶŃľĺƞŅĚľĬƞĺĵĚŅĬȮőħĵĴňĔŅĶěńħĪņĽńĠĠŅĶńĔļŅėĺŅĴĸńĭȮ&LB?'ȮŏıŊŗŀėĺŅĴŏĮƦĬĴŊŀŀŅĝňı 
ŒĬĔŅĶŒľƟĭĶŇĔŅĶȮŐĸŃėĺĶĴňŐıĸĨĲŀĶƢĴĶĺĭĶĺĴĕƟŀĴŌĸŏėĶŊŗŀĚĴŊŀĪňŗĽŅĴŅĶĩŏĕƟŅĩŉĚœħƟȮĪńŘĚĬňŘŐľĸƞĚĪŋĬėĺĶ 
ŒľƟĔŅĶĽĬńĭĽĬŋĬĪŋĬĺŇěńĵĪňŗėĶŀĭėĸŋĴėƞŅŒĝƟěƞŅĵĽņľĶńĭěƞŅĵėƞŅĕŀŒĝƟŏėĶŊŗŀĚĴŊŀŒľƟĔńĭľĬƞĺĵĚŅĬŒľƟĭĶŇĔŅĶȮŏıŊŗŀ 
ĝƞĺĵŒľƟľĬƞĺĵĚŅĬŏľĸƞŅĬńŘĬĽŅĴŅĶĩĬņœĮĭĶŇľŅĶěńħĔŅĶŒĝƟŏĮƦĬėƞŅŒĝƟěƞŅĵŒĬĔŅĶĞƞŀĴŐĞĴŐĸŃĭņĶŋĚĶńĔļŅŏėĶŊŗŀĚĴŊŀ
ĨƞŀœĮȮĞŉŗĚĬŀĔěŅĔěŃĝƞĺĵŏĮƕħőŀĔŅĽŒľƟĭŋėĸŅĔĶĺŇěńĵŏĕƟŅĩŉĚŏėĶŊŗŀĚĴŊŀȮĵńĚŏĮƦĬĔŅĶŏıŇŗĴĔŅĶŒĝƟĮĶŃőĵĝĬƢőėĶĚĽĶƟŅĚ
ıŊŘĬģŅĬĪňŗĴňŒĬĮƤěěŋĭńĬŒľƟŏĨŖĴĽĴĶĶĩĳŅıȮ 

¶ ĔŅĶĽĶƟŅĚŒľƟĴňȮl_rgml_jȮ`gmdmslbpw-Ȯaclrp_jȮd_agjgrwȮŒľƟĭĶŇĔŅĶĔŅĶĺŇĻĺĔĶĶĴěŋĸŇĬĪĶňĵƢľĶŊŀŀĚėƢĮĶŃĔŀĭ
ĪŅĚĝňĺĳŅıȮĶŀĚĶńĭĚŅĬĺŇěńĵľĶŊŀėĺŅĴĨƟŀĚĔŅĶĪňŗľĸŅĔľĸŅĵȮĴňĶŃĭĭĭĶŇľŅĶěńħĔŅĶȮĔŅĶĶńĔļŅėĺŅĴĸńĭŐĸŃ
ĔĶĶĴĽŇĪīŇśĕƟŀĴŌĸȮěŃĝƞĺĵįĸńĔħńĬĚŅĬħƟŅĬȮqwlrfcrgaȮ`gmjmewȮĕŀĚĮĶŃŏĪĻȮŏıŇŗĴėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ
ıńĥĬŅīŋĶĔŇěĪňŗĴňėĺŅĴĨƟŀĚĔŅĶŒĝƟŏĪėőĬőĸĵňŒľĴƞȮŕȮȮŏĮƕħőŀĔŅĽŒľƟĔĸŋƞĴĭĶŇļńĪĽĨŅĶƢĪŀńıȮŏĕƟŅĩŉĚŏĪėőĬőĸĵň 
ŒĬĔŅĶıńĥĬŅŏĝŊŘŀȮőħĵœĴƞĨƟŀĚĸĚĪŋĬĽĶƟŅĚŐıĸĨĲŀĶƢĴĨńŘĚŐĨƞŏĶŇŗĴĨƟĬȮĪńŘĚĬňŘėĺĶıŇěŅĶĦŅĕƟŀĴŌĸŒľƟėĶŀĭėĸŋĴ
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ĨĸŀħľƞĺĚőĞƞĔŅĶĺŇěńĵŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢȮĨńŘĚŐĨƞĔņĸńĚėĬȮĬńĔĺŇěńĵĺŇěńĵȮĝƞŅĚŏĪėĬŇėȮįŌƟĮĶŃĽŅĬĚŅĬȮįŌƟĭĶŇľŅĶ
ěńħĔŅĶȮaclrp_jȮd_agjgrwȮĮĶŇĴŅĦőěĪĵƢĺŇěńĵ-ĚŅĬĺŇěńĵŒĬĮĶŃŏĪĻȮ&qsnnjw'ȮŐĸŃĮĶŇĴŅĦėĺŅĴĨƟŀĚĔŅĶȮ
&bck_lb'ȮěŅĔįŌƟĮĶŃĔŀĭĔŅĶľĶŊŀĳŅėŏŀĔĝĬȮĺŇīňĔĶŃĨŋƟĬŒľƟĴňįŌƟŒĝƟĭĶŇĔŅĶŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŏĝƞĬȮėĺŅĴėŋƟĴėƞŅȮ
ĶŅėŅĨƟĬĪŋĬĪňŗĨŗņĸĚȮėĺŅĴĽŃħĺĔŒĬĔŅĶŒĝƟĭĶŇĔŅĶȮŏıŊŗŀŏĮƦĬĕƟŀĴŌĸĮĶŃĔŀĭĔŅĶĨńħĽŇĬŒěĶŌĮŐĭĭĪňŗŏľĴŅŃĽĴ
ľĶŊŀĕŀĚĪňŗĨƟŀĚĸĚĪŋĬĽņľĶńĭĮĶŃŏĪĻœĪĵȮŏıŊŗŀŒľƟŏĔŇħĔŅĶŒĝƟĮĶŃőĵĝĬƢĽŌĚĽŋħ 

¶ ŏĪėőĬőĸĵňĪňŗěŃĝƞĺĵĕńĭŏėĸŊŗŀĬȮqwlrfcrgaȮ`gmjmewȮŒĬĮĶŃŏĪĻœĪĵȮœħƟŐĔƞȮ/'ȮeclcȮqwlrfcqgqȮrcaflmjmewȮȮ
0'ȮqcosclagleȮrcaflmjmewȮȮ1'ȮclxwkcȮľĶŊŀȮkmjcasj_pȮpc_eclrȮȮ2'ȮėŀĴıŇĺŏĨŀĶƢĽĴĶĶĩĬŃĽŌĚ 
ĪňŗŏľĴŅŃĽĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĮĶŇĴŅĦĴŅĔȮĝƞĺĵŒľƟĔŅĶĬņȮk_afglcȮjc_plgleȮĴŅŒĝƟŒĬĔŅĶŀŀĔŐĭĭ
ŐĸŃĪņĬŅĵėŋĦĽĴĭńĨŇĕŀĚőĮĶĨňĬȮŏĝƞĬȮŀŀĔŐĭĭŒľƟŏŀĬœĞĴƢĪņĚŅĬŏĶŖĺĕŉŘĬȮľĶŊŀĴňėŋĦĽĴĭńĨŇĪňŗĨƟŀĚĔŅĶ 

¶ ĔŅĶěńħĪņģŅĬĕƟŀĴŌĸěŋĸŇĬĪĶňĵƢĪňŗŏĝŊŗŀĴőĵĚĔńĭėŋĦĽĴĭńĨŇıŊŘĬģŅĬĨƞŅĚȮŕȮȮŏĝƞĬȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŒĝƟŐľĸƞĚ
ėŅĶƢĭŀĬȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶįĸŇĨĽŅĶŏĴĪŅĭŀœĸĪƢȮěŃĝƞĺĵŒĬĔŅĶŏĸŊŀĔŒĝƟőŁĽĨƢěŅĔĻŌĬĵƢĝňĺĺńĽħŋĮĶŃŏĪĻœĪĵȮ
&R@PA'ȮĪňŗĴňėŋĦĽĴĭńĨŇŏľĴŅŃĽĴŐĸŃĬņœĮŒĝƟĮĶŃőĵĝĬƢœħƟŀĵƞŅĚĶĺħŏĶŖĺ 

ĔĸœĔĽĬńĭĽĬŋĬ8Ȯ 

¶ ĔŅĶįĸńĔħńĬŒľƟĴňĔĸœĔĔŅĶĽĬńĭĽĬŋĬīŋĶĔŇěĪňŗŏĔňŗĵĺĕƟŀĚěŅĔĳŅėĶńģȮ&qr_prsnȮľĶŊŀȮQKC'ȮŀŅěŏĮƦĬľĬŉŗĚŒĬ 
ŐĬĺĪŅĚĔŅĶŏıŇŗĴĨĸŅħŐĶĚĚŅĬĽņľĶńĭĬńĔĻŉĔļŅĶŃħńĭĮĶŇĠĠŅĨĶň-őĪ-ŏŀĔȮĞŉŗĚěŃĪņŒľƟĴňĬńĔĻŉĔļŅĪňŗĽĬŒěĽĴńėĶ
ŏĶňĵĬŒĬľĸńĔĽŌĨĶŏıŇŗĴĴŅĔĕŉŘĬ 

¶ ĔŅĶŒľƟĪŋĬĽĬńĭĽĬŋĬĔŅĶěńħĮĶŃĔĺħőėĶĚĔŅĶȮQwl@gmȮNgrafgleȮŐĸŃĴňĔĸœĔįĸńĔħńĬŏĮƦĬīŋĶĔŇěĶŀĚĶńĭȮĭƞĴŏıŅŃ
ŒľƟŏĔŇħŏĮƦĬĭĶŇļńĪȮqr_prsnȮěŃĝƞĺĵĕńĭŏėĸŊŗŀĬŒľƟŏĔŇħĔŅĶŐĕƞĚĕńĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅĬĺńĨĔĶĶĴŒľĴƞȮŕȮěŅĔȮ
qwlrfcrgaȮ`gmjmewȮĳŅĵŒĬĮĶŃŏĪĻ 

¶ ĔŅĶĽĶƟŅĚėĺŅĴĶƞĺĴĴŊŀĔńĭĳŅėŏŀĔĝĬħƟĺĵőěĪĵƢėĺŅĴĨƟŀĚĔŅĶĪňŗĝńħŏěĬěŃĝƞĺĵŏıŇŗĴőŀĔŅĽįĸńĔħńĬĔŅĶĺŇěńĵŐĸŃ
ıńĥĬŅįĸŇĨĳńĦĤƢȮqwlrfcrgaȮ`gmjmewȮŀŀĔĽŌƞŏĝŇĚıŅĦŇĝĵƢœħƟŏĶŖĺĕŉŘĬȮĪńŘĚĬňŘŐĬĺĪŅĚĔŅĶħņŏĬŇĬĚŅĬĶƞĺĴĔńĭŏŀĔĝĬ
ĞŉŗĚĨƟŀĚĔŅĶŒľƟŏĔŇħįĸĸńıīƢĳŅĵŒĬĶŃĵŃŏĺĸŅěņĔńħȮėŊŀĔŅĶŒľƟĕƟŀĴŌĸŐįĬĚŅĬĺŇěńĵŐĸŃĶŃĵŃŏĺĸŅĔŅĶħņŏĬŇĬĚŅĬ
őħĵĸŃŏŀňĵħȮĕŀĭŏĕĨĕŀĚĕƟŀįŇħıĸŅħĪňŗŀŅěŏĔŇħĕŉŘĬěŅĔĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵŒĬŐĨƞĸŃĕńŘĬĨŀĬȮŏıŊŗŀĮĶŃŏĴŇĬ
ėĺŅĴŏĽňŗĵĚŐĸŃőŀĔŅĽĮĶŃĽĭįĸĽņŏĶŖěȮĽĶƟŅĚėĺŅĴŏĕƟŅŒěŐĬĺĪŅĚĔŅĶĭĶŇľŅĶěńħĔŅĶėĺŅĴŏĽňŗĵĚŐĸŃįĸĸńıīƢ 
ĪňŗėŅħľĺńĚœħƟŒĬŐĨƞĸŃĶŃħńĭȮĬŀĔěŅĔĬňŘȮįŌƟĮĶŃĽŅĬĔŅĶŏĝŊŗŀĴőĵĚĶŃľĺƞŅĚĬńĔĺŇěńĵȮŐĸŃȮqr_icfmjbcpȮľĶŊŀ 
ĬńĔĸĚĪŋĬȮĪňŗĴňĪńĔļŃĔŅĶĽŊŗŀĽŅĶĪňŗħňȮĴňĽƞĺĬĝƞĺĵŒľƟȮqr_icfmjbcpȮľĶŊŀĬńĔĸĚĪŋĬȮŏľŖĬėĺŅĴĽņėńĠĕŀĚȮ
qwlrfcrgaȮ`gmjmewȮĞŉŗĚĴňĕńŘĬĨŀĬŒĬĔŅĶıńĥĬŅŐĸŃŒĝƟĶŃĵŃŏĺĸŅŒĬĔŅĶĽĶƟŅĚŒľƟŏĔŇħįĸĔĶŃĪĭ 

¶ ĔŅĶĶƞĺĴĺŇěńĵĔńĭĳŅėŏŀĔĝĬȮőħĵĭĶŇļńĪŏŀĔĝĬĽĬńĭĽĬŋĬĚĭĮĶŃĴŅĦŐĭĭȮgl+a_qfȮĴňėĺŅĴĽņėńĠȮŐĽħĚ 
ŒľƟŏľŖĬĩŉĚėĺŅĴĨƟŀĚĔŅĶĬņœĮŒĝƟěĶŇĚȮĪńŘĚĬňŘŀŅěĪņŏĮƦĬȮn_ai_ecȮĔŅĶĽĬńĭĽĬŋĬĪŋĬĺŇěńĵĶƞĺĴĔńĭĳŅėŏŀĔĝĬȮőħĵ
ĔņľĬħĽńħĽƞĺĬĔŅĶĽĬńĭĽĬŋĬȮgl+a_qfȮŐĸŃĽŇĪīŇśĪňŗĭĶŇļńĪěŃœħƟĶńĭŒĬĶŃħńĭĨƞŅĚȮŕȮœĺƟŏĮƦĬĴŅĨĶģŅĬľĶŊŀ 
ŐĬĺĪŅĚĔŅĶŏěĶěŅĽņľĶńĭĬńĔĺŇěńĵĪňŗŏĶŇŗĴĽĶƟŅĚėĺŅĴĶƞĺĴĴŊŀĔńĭĳŅėŏŀĔĝĬĨƞŀœĮȮ 

¶ ĔŅĶĺŅĚŐįĬĔĸĵŋĪīƢȮGNȮqrp_rcegcqȮŏıŊŗŀľĸňĔŏĸňŗĵĚĔŅĶĸŃŏĴŇħȮŐĸŃĺŅĚŐįĬĔŅĶěħȮGNȮĨńŘĚŐĨƞĔƞŀĬŏĶŇŗĴ
ħņŏĬŇĬĚŅĬĺŇěńĵĴňėĺŅĴĽņėńĠĨƞŀĔŅĶįĸńĔħńĬĔŅĶĺŇěńĵĽŌƞŏĝŇĚıŅĦŇĝĵƢȮ 
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¶ ėĺŅĴĶƞĺĴĴŊŀĕŀĚȮQwl@gmȮAmlqmprgskȮĮĶŃŏĪĻœĪĵȮėĺĶĴňĔŅĶįĸńĔħńĬĚŅĬĺŇěńĵŐĸŃıńĥĬŅįĸŇĨĳńĦĤƢĪňŗ 
ĴňŏĮƚŅľĴŅĵĝńħŏěĬŐĸŃœħƟĮĶŃőĵĝĬƢĶƞĺĴĔńĬȮŐĸŃėĺĶĴňįŌƟěńħĔŅĶőĮĶŐĔĶĴłȮĪňŗĽŅĴŅĶĩįĬĺĔĶĺĴėĬĨƞŅĚĽŅĕŅ
ŒľƟĪņĚŅĬĶƞĺĴĔńĬĳŅĵŒĨƟĺńĨĩŋĮĶŃĽĚėƢŏħňĵĺĔńĬœħƟ 

¶ ĴňľĬƞĺĵĚŅĬĶńĭįŇħĝŀĭĔŅĶĽĶƟŅĚȮnj_rdmpkȮrcaflmjmewȮ&npc+amkncrgrgtcȮnpmep_k'ȮĪňŗĴňĚĭĮĶŃĴŅĦ
ŐĸŃĔŅĶĨŇħĨŅĴĪňŗŏľĴŅŃĽĴȮŏıŊŗŀŒľƟĮĶŃŏĪĻĴňőŀĔŅĽŒľƟĳŅėŀŋĨĽŅľĔĶĶĴœħƟŒĝƟŏĪėőĬőĸĵňĪňŗĮĶŃĪĻœĪĵŏĮƦĬ
ŏěƟŅĕŀĚȮĸħėƞŅŒĝƟěƞŅĵĪňŗĽŌĠŏĽňĵœĮĔńĭėƞŅŏĪėőĬőĸĵňĨƞŅĚĮĶŃŏĪĻȮ 

ĔŅĶĽŊŗŀĽŅĶŏıŊŗŀĽĶƟŅĚėĺŅĴŏĕƟŅŒěŐĸŃŏľŖĬĮĶŃőĵĝĬƢĕŀĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 

¶ ĔŅĶĮĶŃĝŅĽńĴıńĬīƢŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮĽŊŗŀĽŅĶŒľƟŏľŖĬĕƟŀěņĔńħŏĪėőĬőĸĵňĮƤěěŋĭńĬŐĸŃĕƟŀħňĕŀĚȮqwlrfcrgaȮ`gmjmewȮ
ĪňŗĽŅĴŅĶĩĝƞĺĵĨŀĭőěĪĵƢ-ŐĔƟĮƤĠľŅħńĚĔĸƞŅĺȮŒĝƟŏıŇŗĴĴŌĸėƞŅŒľƟĔńĭėĺŅĴľĸŅĔľĸŅĵĪŅĚĝňĺĳŅıĞŉŗĚŏĮƦĬĨƟĬĪŋĬ
ĕŀĚĮĶŃŏĪĻȮŐĽħĚŒľƟŏľŖĬėĺŅĴĽņėńĠĕŀĚȮqwlrfcrgaȮ`gmjmewȮŒĬĔŅĶıńĥĬŅĮĶŃŏĪĻŀńĬěŃĬņœĮĽŌƞĔŅĶĽĶƟŅĚ
ĴŌĸėƞŅĪŅĚŏĻĶļģĔŇěȮőħĵĵĔĨńĺŀĵƞŅĚĔĶĦňĻŉĔļŅŒľƟŏľŖĬĳŅıȮěŃĝƞĺĵŒľƟŏĔŇħĔŅĶĶńĭĶŌƟȮĵŀĴĶńĭȮŐĸŃŏľŖĬĮĶŃőĵĝĬƢȮ
ŏĮƦĬĸņħńĭȮĶĺĴĪńŘĚŏĮƦĬŐĶĚĕńĭŏėĸŊŗŀĬŒľƟĴňĔŅĶĽĬńĭĽĬŋĬĚĭĮĶŃĴŅĦ-ĪŋĬĺŇěńĵŒĬħƟŅĬĬňŘŏıŇŗĴĴŅĔĕŉŘĬ 

¶ ĬŀĔěŅĔĬňŘȮŏĬŊŗŀĚěŅĔįĸŇĨĳńĦĤƢĪňŗŏĔŇħěŅĔȮeclcrgaȮcleglccpgleȮľĶŊŀȮqwlrfcrgaȮ`gmjmewȮĭŅĚįĸŇĨĳńĦĤƢ
ěńħĺƞŅŏĮƦĬȮEKȮěŉĚėĺĶŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶĬņįĸŇĨĳńĦĤƢħńĚĔĸƞŅĺœĮŒĝƟœĴƞĽƞĚįĸŏĽňĵȮŏĪėőĬőĸĵňœĴƞĮĬŏĮƘƨŀĬ 
ŒĬīĶĶĴĝŅĨŇȮľĶŊŀĴňĺŇīňĔŅĶėĺĭėŋĴŏıŊŗŀŒľƟĴńŗĬŒěĺƞŅœĴƞĽƞĚįĸĔĶŃĪĭĨƞŀȮėĬȮĽńĨĺƢȮĽŇŗĚŐĺħĸƟŀĴ 

Pcesj_rgmlȮŐĸŃĔŅĶŏĨĶňĵĴĔŅĶ 

¶ ŏĬŊŗŀĚěŅĔįĸŇĨĳńĦĤƢĽŋħĪƟŅĵėŊŀĽŇŗĚĴňĝňĺŇĨĪňŗĴňȮeclcrgaȮk_rcpg_jȮŏĮĸňŗĵĬŐĮĸĚœĮȮĞŉŗĚĴňĸńĔļĦŃŏĝƞĬŏħňĵĺĔńĭȮ
EKMȮħńĚĬńŘĬȮpcesj_rgmlȮĪňŗŒĝƟĔńĭȮkmbcplȮ`gmrcaflmjmewȮȮĽŅĴŅĶĩŒĝƟœħƟĔńĭȮqwlrfcrgaȮ`gmjmew 

¶ ŏĨĶňĵĴĔŅĶħƟŅĬȮpcesj_rgmlȮĽņľĶńĭįĸŇĨĳńĦĤƢĪňŗěŃŀŀĔĽŌƞŏĝŇĚıŅĦŇĝĵƢȮĨńĺŀĵƞŅĚŏĝƞĬȮįĸŇĨĳńĦĤƢĪňŗŏĔŇħěŅĔ 
ĔŅĶħńħŐĮĸĚŐĭĭœĴƞěņŏıŅŃŏěŅŃěĚȮŏĝƞĬȮ_b_nrgtcȮctmjsrgmlȮŏĔŇħĔĸŅĵıńĬīŋƢŐĭĭĽŋƞĴȮĭŅĚĮĶŃŏĪĻœĴƞěńħŏĮƦĬȮ
EKMȮŐĨƞľŅĔĴňȮr_pecrȮeclcȮŏĮƚŅľĴŅĵŒĬĔŅĶĮĶńĭĮĶŋĚıńĬīŋƢȮĭŅĚĮĶŃŏĪĻěńħĺƞŅŏĮƦĬȮEKȮ 

¶ ĮƤěěŋĭńĬȮ?GȮŏĶŇŗĴŏĕƟŅĴŅĴňĭĪĭŅĪŒĬĪŋĔħƟŅĬȮěŉĚėĺĶėņĬŉĚĩŉĚĮĶŃŏħŖĬħƟŅĬěĶŇĵīĶĶĴĔŅĶĺŇěńĵȮėĺŅĴĮĸŀħĳńĵĪŅĚ
ĝňĺĳŅıȮŐĸŃėĺŅĴĴńŗĬėĚĪŅĚĝňĺĳŅıħƟĺĵ 

ĬŀĔěŅĔĔņĸńĚėĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮqwlrfcrgaȮ`gmjmewȮĪňŗįĸŇĨĳŅĵŒĬĮĶŃŏĪĻȮĵńĚĴňĔĸŋƞĴĬńĔŏĶňĵĬĪŋĬĶńģĭŅĸ
ĪŅĚħƟŅĬĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňĪňŗĔņĸńĚĻŉĔļŅȮĽŅĕŅȮQwlrfcrgaȮ@gmjmewȮĪňŗŀĵŌƞĶŃľĺƞŅĚĔŅĶĻŉĔļŅŐĸŃěŃĔĸńĭĴŅ
ħņŏĬŇĬĚŅĬĳŅĵŒĬĮƖȮı,Ļ,Ȯ0344Ȯ+Ȯ035.ȮĦȮĨƟĬĽńĚĔńħȮěņĬĺĬȮ//ȮėĬȮĞŉŗĚľĬƞĺĵĚŅĬĨƟĬĽńĚĔńħĨƟŀĚĴňĬőĵĭŅĵĶŀĚĶńĭ
ĬńĔŏĶňĵĬĪŋĬŏľĸƞŅŒľƟŏĶŇŗĴħņŏĬŇĬĚŅĬœħƟĨŅĴŐįĬĪňŗœħƟĺŅĚœĺƟȮ 
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ĨŅĶŅĚĪňŗȮ0+38ȮĶŅĵĝŊŗŀĬńĔŏĶňĵĬĪŋĬĶńģĭŅĸĪŅĚħƟŅĬĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňĪňŗĔņĸńĚĻŉĔļŅȮĽŅĕŅȮQwlrfcrgaȮ@gmjmew( 

ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ĮƖĪňŗėŅħĺƞŅ
ěŃĽņŏĶŖě
ĔŅĶĻŉĔļŅ 

ľĬƞĺĵĚŅĬĨƟĬĽńĚĔńħ ĽĩŅĬĻŉĔļŅ ĮĶŃŏĪĻĪňŗĻŉĔļŅ ĽŅĕŅĺŇĝŅĪňŗĻŉĔļŅ ĽŅĕŅĺŇĝŅĪňŗŏĬƟĬŒľƟĻŉĔļŅ 

/,ȮĔķĨĬńĵ ĨĶňĽĔŋĸĺńĥĬŅ 2570 ĻŌĬĵƢıńĬīŋĺŇĻĺĔĶĶĴŐĸŃ
ŏĪėőĬőĸĵňĝňĺĳŅıŐľƞĚĝŅĨŇȮ
ĽņĬńĔĚŅĬıńĥĬŅĺŇĪĵŅĻŅĽĨĶƢ
ŐĸŃŏĪėőĬőĸĵňŐľƞĚĝŅĨŇȮ 
&ĪŋĬĽĬńĭĽĬŋĬȮEECi) 

University 
College London 

ĽľĶŅĝŀŅĦŅěńĔĶ Synthetic Biology (Computer-
Aided Design of Biological 
System /Advanced Genetic/ 
Molecular Engineering/ 
Metabolic Engineering) 

Synthetic Biology 

0,ȮěĨŋıĶȮ ĽĵŅĴıńĬīƢ 2570 ĽŅĕŅĺŇĝŅěŋĸĝňĺĺŇĪĵŅȮ 
ėĦŃĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮ 
ĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĬėĶĮģĴ 

Newcastle 
University 

ĽľĶŅĝŀŅĦŅěńĔĶ ěŋĸĝňĺĺŇĪĵŅȮ&Microbiology) ėĺŅĴľĸŅĔľĸŅĵŐĸŃĔŅĶĶŃĭŋĝĬŇħĕŀĚ
ěŋĸŇĬĪĶňĵƢ-ȮŀĬŋĔĶĴĺŇīŅĬ-ȮAnaerobic Waste 
Water/ Waste Treatment/ Synthetic 
Biology in Food Microbiology 

1,ȮĝĬŇĔŅĬĨƢȮ ĻĶňĬŅė 2566 ĳŅėĺŇĝŅŏĪėőĬőĸĵňĝňĺĳŅıȮ
ėĦŃĺŇĪĵŅĻŅĽĨĶƢȮ
ĴľŅĺŇĪĵŅĸńĵĭŌĶıŅȮ 
&ĪŋĬĽĬńĭĽĬŋĬȮEECi) 

Helmholtz 
Centre Munich 
Ludwig 
Maximilian, 
University of 
Munich 

ŏĵŀĶĴĬň Synthetic Biotechnology Cellular Engineering/ Systems Biology 

2,ȮīĬıĶȮŀńĻĺıńĥĬŅĔŌĸ 2569 ĽņĬńĔĺŇĝŅĔŅĶȮ 
ėĦŃĽńĨĺŐıĪĵĻŅĽĨĶƢȮ
ĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

University of 
Veterinary 
Medicine 
Hanover 

ŏĵŀĶĴĬň ĺŇĪĵŅĻŅĽĨĶƢĔŅĶĽńĨĺŐıĪĵƢ Biomedical Sciences/ Veterinary Clinical 
Sciences/Reproductive Biotechnology/ 
Synthetic biology/ Chemical biology 

https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356246
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356072
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356273
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356335
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ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ĮƖĪňŗėŅħĺƞŅ
ěŃĽņŏĶŖě
ĔŅĶĻŉĔļŅ 

ľĬƞĺĵĚŅĬĨƟĬĽńĚĔńħ ĽĩŅĬĻŉĔļŅ ĮĶŃŏĪĻĪňŗĻŉĔļŅ ĽŅĕŅĺŇĝŅĪňŗĻŉĔļŅ ĽŅĕŅĺŇĝŅĪňŗŏĬƟĬŒľƟĻŉĔļŅ 

3,ȮīĬńĝıĶ ľĺŅĬĝŃŏŀĴ 2570 ĳŅėĺŇĝŅŏĪėőĬőĸĵňĝňĺĳŅıȮ
ėĦŃŀŋĨĽŅľĔĶĶĴŏĔļĨĶȮ
ĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢ 

University 
College London 

ĽľĶŅĝŀŅĦŅěńĔĶ Synthetic Biology 
 

4,ȮıńĪīŏĽĴŅȮěńĭĻŇĸĮƝ 2571 ĽŅĕŅĺŇĝŅĝňĺŏėĴňȮ 
ėĦŃŐıĪĵĻŅĽĨĶƢȮ
ĴľŅĺŇĪĵŅĸńĵ 
ĬĶŅīŇĺŅĽĶŅĝĬėĶŇĬĪĶƢ 

University of 
Warwick 

ĽľĶŅĝŀŅĦŅěńĔĶ Synthetic Biology ĔŅĶĻŉĔļŅŐĸŃĪņĺŇĪĵŅĬŇıĬīƢħƟŅĬĺŇĪĵŅĻŅĽĨĶƢ
ĔŅĶŐıĪĵƢ 

5,ȮıŇĝŅĠŅȮȮīĚĽŋĺĶĶĦȮȮȮȮȮȮȮ 
ȮȮȮ&ĝňĺıŌĬįĸ' 

2569 ėĦŃĽńĨĺĻŅĽĨĶƢŐĸŃ
ŏĪėőĬőĸĵňĔŅĶŏĔļĨĶȮ
ĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ 

Wageningen 
University & 
Research 

ŏĬŏīŀĶƢŐĸĬħƢ Synthetic Biology Synthetic Biology in Agriculture 

6,ȮĳńĪĶĽŋħŅȮœĝĵĽŋĳŅ 2569 ĳŅėĺŇĝŅĝňĺŏĳĽńĝĻŅĽĨĶƢȮėĦŃ
ŏĳĽńĝĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵ
ĻŇĸĮŅĔĶ 

Virginia 
Polytechnic 
Institute and 
State University 

ĽľĶńģŀŏĴĶŇĔŅ ŏĪėőĬőĸĵňĝňĺĳŅı-ĵŅȮĺńėĞňĬ Synthetic Biology (ĵŅĝňĺĺńĨĩŋ+ĺńėĞňĬ' 

7,ȮĺĶŇĪīŇśīĶȮīĬĔŅĠěĬƢ 2570 ĻŌĬĵƢıńĬīŋĺŇĻĺĔĶĶĴŐĸŃ
ŏĪėőĬőĸĵňĝňĺĳŅıŐľƞĚĝŅĨŇȮ
ĽņĬńĔĚŅĬıńĥĬŅĺŇĪĵŅĻŅĽĨĶƢ
ŐĸŃŏĪėőĬőĸĵňŐľƞĚĝŅĨŇȮ&EECi) 

University 
College London 

ĽľĶŅĝŀŅĦŅěńĔĶ ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ 
&Synthetic Biology) 

ĺŇĻĺĔĶĶĴěŋĸŇĬĪĶňĵƢŒĬĔŅĶıńĥĬŅěŋĸŇĬĪĶňĵƢŏıŊŗŀ
įĸŇĨĽŅĶĝňĺŏėĴňĳńĦĤƢŐĸŃĽŅĶŏėĴňĝňĺĳŅıĝĬŇħ
ĨƞŅĚŕȮĞŉŗĚĶĺĴĩŉĚĔŅĶĻŉĔļŅŐĸŃŀŀĔŐĭĭĺŇĩň
ĝňĺŏėĴňŒĬŏĞĸĸƢőħĵŒĝƟȮŀĚėƢėĺŅĴĶŌƟħƟŅĬĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢȮŐĸŃĔŅĶıńĥĬŅĝňĺĔĶŃĭĺĬĔŅĶ
ĽņľĶńĭěŋĸŇĬĪĶňĵƢĪňŗıńĥĬŅĕŉŘĬ 

https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356573
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356017
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356144
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356144
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53355752
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356553
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ĝŊŗŀ+ĬŅĴĽĔŋĸ 
ĮƖĪňŗėŅħĺƞŅ
ěŃĽņŏĶŖě
ĔŅĶĻŉĔļŅ 

ľĬƞĺĵĚŅĬĨƟĬĽńĚĔńħ ĽĩŅĬĻŉĔļŅ ĮĶŃŏĪĻĪňŗĻŉĔļŅ ĽŅĕŅĺŇĝŅĪňŗĻŉĔļŅ ĽŅĕŅĺŇĝŅĪňŗŏĬƟĬŒľƟĻŉĔļŅ 

/.,ȮĺŇĻŅĽĨĶƢȮŐĞƞĸňŘ 2567 ĻŌĬĵƢıńĬīŋĺŇĻĺĔĶĶĴŐĸŃ
ŏĪėőĬőĸĵňĝňĺĳŅıŐľƞĚĝŅĨŇ 

University of 
Texas at Austin 

ĽľĶńģŀŏĴĶŇĔŅ Chemical Biology Molecular Biology/ Study and Synthesis 
of Bioactive Molecules 

//,ȮļĨĳĶĦƢȮĮŋĶŃŏĽŅĶƢ 2569 ėĦŃŏĳĽńĝĻŅĽĨĶƢȮ
ĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ 

University 
College London 

ĽľĶŅĝŀŅĦŅěńĔĶ ĬŅőĬŏĪėőĬőĸĵň Biomedical Engineering/ Synthetic 
Biology/ Molecular Targeting/ Systemic 
Nanodelivery 

(ĕƟŀĴŌĸěŅĔİƙŅĵĬńĔŏĶňĵĬĪŋĬĶńģĭŅĸħƟŅĬĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮ&EQRQ' 
  

https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=51000043
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356549
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2.4 ėĺŅĴıĶƟŀĴĪŅĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěŅĔĔŅĶĺŇŏėĶŅŃľƢģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶ 

ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴıĶƟŀĴĪŅĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěŅĔĔŅĶĺŇŏėĶŅŃľƢģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶ
ŒĬĶŅĵĚŅĬĜĭńĭĬňŘȮħņŏĬŇĬĔŅĶőħĵĔŅĶĶĺĭĶĺĴŐĸŃĮĶŃĴĺĸįĸěŅĔģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶȮ&Patent database) ħńĚĬňŘ 

1. ģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĪňŗŒĝƟŒĬĔŅĶĽŊĭėƟĬĕƟŀĴŌĸȮĮĶŃĔŀĭħƟĺĵȮ/'ȮģŅĬĕƟŀĴŌĸŏĝŇĚıŅĦŇĝĵƢȮ&Commercial 
Database) œħƟŐĔƞȮDerwent Innovation (DI) ŐĸŃ Innography 21ȮŐĸŃȮ0'ȮģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĕŀĚ 
ĔĶĴĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅȮĮĶŃŏĪĻœĪĵȮ&Department of Intellectual Property, DIP) ŏıŊŗŀŒľƟĔŅĶĽŊĭėƟĬ
ėĶŀĭėĸŋĴĪńŘĚŒĬĶŃħńĭĬŅĬŅĝŅĨŇŐĸŃĮĶŃŏĪĻœĪĵȮ 

2. ėņĽņėńĠȮ&keywords) ĪňŗŒĝƟŒĬĔŅĶĽŊĭėƟĬĕƟŀĴŌĸŒĬĶŅĵĚŅĬĜĭńĭĬňŘȮĮĶŃĔŀĭħƟĺĵĔŅĶĪħĸŀĚŒĝƟėņĽņėńĠ
ěņĬĺĬȮ6ȮĝŋħŒĬĕńŘĬĨƟĬȮŐĸŃœħƟėńħŏĸŊŀĔĝŋħėņĽņėńĠĪňŗŏľĴŅŃĽĴĪňŗĽŋħŏıňĵĚȮ/ȮĝŋħȮĽņľĶńĭĔŅĶĽŊĭėƟĬĕƟŀĴŌĸ
ĶŃħńĭĬŅĬŅĝŅĨŇĪňŗěŃĽŃĪƟŀĬĳŅıĕŀĚŏĶŊŗŀĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢœħƟĴŅĔĪňŗĽŋħȮŏıŊŗŀĬņœĮĮĶŃĴĺĸįĸŐĸŃ
ĬņŏĽĬŀĕƟŀĴŌĸŐĬĺőĬƟĴŒĬħƟŅĬĨƞŅĚȮŕȮ 

3. ĶŃĵŃŏĺĸŅĔŅĶĽŊĭėƟĬĕƟŀĴŌĸĵƟŀĬľĸńĚȮ03ȮĮƖȮ&ė,Ļ, /776Ȯ+Ȯ0.01'Ȯ 

ěŅĔĪňŗĔĸƞŅĺĕƟŅĚĨƟĬȮŀńĬħńĭŐĶĔŏĮƦĬĔŅĶėńħŏĸŊŀĔĝŋħėņĽņėńĠȮ&keywords) ĪňŗŒĝƟŒĬĔŅĶĽŊĭėƟĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶ
ŏıŊŗŀŒľƟĽŃĪƟŀĬĳŅıĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&synthetic biology) ĴŅĔĪňŗĽŋħȮŏıŊŗŀĬņįĸĔŅĶĽŊĭėƟĬěŅĔĝŋħėņĽņėńĠħńĚĔĸƞŅĺ
œĮĺŇŏėĶŅŃľƢŐĸŃĬņŏĽĬŀŏĮƦĬĕƟŀĴŌĸŐĬĺőĬƟĴľĶŊŀĪŇĻĪŅĚħƟŅĬĨƞŅĚȮŕȮěŅĔĕƟŀĴŌĸĽŇĪīŇĭńĨĶĪňŗĽŊĭėƟĬıĭȮĪńŘĚĬňŘȮĔŅĶĪħĽŀĭ
ħƟĺĵĔŅĶŒĝƟėņĽņėńĠľĸŅĵĝŋħȮŏĬŊŗŀĚěŅĔȮ/)ȮėņĽņėńĠĝŋħĪňŗȮ/ȮĪňŗĽŊĭėƟĬħƟĺĵėņĺƞŅȮŴqwlrfcrgaȮ`gmjmewŵȮŏıňĵĚėņŏħňĵĺ
ĽņľĶńĭĔŅĶĽŊĭėƟĬģŅĬĕƟŀĴŌĸěŅĔĪńŗĺőĸĔȮľĶŊŀėņĽņėńĠĝŋħĪňŗȮ2-6ȮĪňŗĽŊĭėƟĬħƟĺĵėņĺƞŅȮŴqwlrfcrgaȮ`gmjmewŵȮĶƞĺĴĔńĭėņŀŊŗĬȮ
œĴƞĽŅĴŅĶĩėĶŀĭėĸŋĴĕŀĭŏĕĨŐĸŃĬŇĵŅĴĕŀĚȮsynthetic biology œħƟȮĽŅŏľĨŋĽƞĺĬľĬŉŗĚŏĮƦĬŏıĶŅŃĭŅĚĮĶŃŏĪĻœĴƞŒĝƟėņĬňŘȮ
&ŀŅěŒĝƟėņĺƞŅȮengineering biology ŐĪĬ'ȮĬŇĵŅĴĕŀĚŏĶŊŗŀĚĬňŘĴňėĺŅĴľĴŅĵĶĺĴĩŉĚĻŅĽĨĶƢľĸŅĔľĸŅĵĽŅĕŅȮŀňĔĪńŘĚ
ĸńĔļĦŃŏĜıŅŃĕŀĚĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶȮįŌƟĕŀłȮĴńĔěŃŏĸňŗĵĚĔŅĶŒĝƟėņĪňŗĨĶĚĔńĭŏĬŊŘŀľŅŏıŊŗŀľĸĭŏĸňŗĵĚėŌƞŐĕƞĚ 
ĴŇŒľƟĽŊĭėƟĬıĭĕƟŀĴŌĸȮĞŉŗĚŏĮƦĬĔĸĵŋĪīƢĪŅĚĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅĪňŗĴňŒĝƟĔńĬőħĵĪńŗĺœĮȮ0'ȮėņĽņėńĠĝŋħĪňŗȮ6ȮŏĮƦĬĔŅĶĽŊĭėƟĬŒĬ
ģŅĬĕƟŀĴŌĸĔĶĴĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅȮĮĶŃŏĪĻœĪĵȮ&DIP) ěņŏĮƦĬĨƟŀĚĮĶńĭėņĽņėńĠŒĬĔŅĶĽŊĭėƟĬŏĮƦĬĳŅļŅœĪĵŏĮƦĬľĸńĔȮ
ėĺĭėŌƞĔńĭĔŅĶŒĝƟĳŅļŅŀńĚĔķļĭŅĚĽƞĺĬȮŀňĔĪńŘĚĔŅĶĪňŗĮĶŃŏĪĻœĪĵĨŅĴľĸńĚĔŅĶıńĥĬŅŒĬŏĶŊŗŀĚĬňŘŏĴŊŗŀŏĪňĵĭĔńĭĨƞŅĚĮĶŃŏĪĻȮ
ħńĚĬńŘĬȮěņŏĮƦĬĨƟŀĚŏĸŊŀĔŒĝƟėņĽņėńĠŒľƟŏľĴŅŃĽĴĔńĭĭĶŇĭĪĕŀĚĮĶŃŏĪĻœĪĵȮŏĔĦĤƢŒĬĔŅĶėńħŏĸŊŀĔĝŋħėņĽņėńĠĪňŗħňĪňŗĽŋħȮ
ėŊŀȮĨƟŀĚŏĮƦĬėņĽņėńĠĪňŗŒľƟįĸĔŅĶĽŊĭėƟĬĪňŗĽŃĪƟŀĬĳŅıĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴŅĔĪňŗĽŋħȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2-6 

 

 
21 Derwent Innovation (DI) ŐĸŃ Innography ŏĮƦĬģŅĬĕƟŀĴŌĸĪňŗėĶŀĭėĸŋĴĕƟŀĴŌĸĽŇĪīŇĭńĨĶĶŃħńĭĬŅĬŅĝŅĨŇěŅĔĪńŗĺőĸĔȮ&ĶĺĴĮĶŃŏĪĻœĪĵ'ȮȮȮȮȮȮȮȮȮȮȮ
ĽƞĺĬĔŅĶĽŊĭėƟĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶőħĵĨĶĚŒĬģŅĬĕƟŀĴŌĸĔĶĴĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅȮĮĶŃŏĪĻœĪĵȮěŃœħƟĕƟŀĴŌĸĔŅĶĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĕŀĚ 
ėĬœĪĵŏıŊŗŀėŋƟĴėĶŀĚĽŇĪīŇŒĬĮĶŃŏĪĻœĪĵȮŐĸŃėĬĝŅĨŇŀŊŗĬĪňŗĵŊŗĬėņĕŀłȮŒĬĮĶŃŏĪĻœĪĵȮĞŉŗĚěŃŏĮƦĬĕƟŀĴŌĸĪňŗĽĴĭŌĶĦƢĔĺƞŅĔŅĶĽŊĭėƟĬěŅĔģŅĬĕƟŀĴŌĸŀŊŗĬȮŕȮ
ŏĬŊŗŀĚěŅĔģŅĬĕƟŀĴŌĸŀŊŗĬŀŅěĴňĔŅĶĮĶńĭĕƟŀĴŌĸŒľĴƞĸƞŅĝƟŅĔĺƞŅȮœĴƞŏĪňĵĭŏĪƞŅĔńĭģŅĬĕƟŀĴŌĸĕŀĚĮĶŃŏĪĻœĪĵőħĵĨĶĚȮŀňĔĪńŘĚŀŅěĴňĕƟŀěņĔńħŒĬĔŅĶŐĮĸĳŅļŅœĪĵ
ŏĮƦĬĳŅļŅŀńĚĔķļĪňŗœĴƞĽĴĭŌĶĦƢ 
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ėņ
ĽņėńĠ
ĝŋħĪňŗ 

ĸńĔļĦŃėņĽņėńĠ ěņĬĺĬĽŇĪīŇĭńĨĶ 
(ŏĶŊŗŀĚ) 

ė,Ļ,Ȯ1998-2023 

ĨńĺŀĵƞŅĚŏĪėőĬőĸĵňĪňŗıĭ 
 

ŀŋĨĽŅľĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚ  

1 ŒĝƟėņĨĶĚȮėŊŀȮŴqwlrfcrgaȮ`gmjmewŵ ėņŏħňĵĺȮ 659 ĔĸŋƞĴŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅěŋĸŇĬĪĶňĵƢȮ 
ĔŅĶľĴńĔȮĔŅĶıńĥĬŅĽƞĺĬĽĬńĭĽĬŋĬĔŅĶįĸŇĨȮŏĝƞĬȮ 
őĮĶőĴŏĨŀĶƢȮŏŀĬœĞĴƢȮȮőĮĶŐĔĶĴȮŏėĶŊŗŀĚĴŊŀŏıŊŗŀĔŅĶ
ĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮĔŅĶŀŀĔŐĭĭȮĔŅĶĽĶƟŅĚőĴŏĸĔŋĸĝňĺĳŅıȮȮ
ĔŅĶĺŇŏėĶŅŃľƢőĮĶĨňĬ ĶŃĭĭŐıĸĨĲŀĶƢĴ 

ŏĪėőĬőĸĵňĪňŗĴňĔŅĶĬņœĮŒĝƟŒĬľĸŅĔľĸŅĵ
ŀŋĨĽŅľĔĶĶĴȮŏĝƞĬȮŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮ
ŀŋĨĽŅľĔĶĶĴĔŅĶŐıĪĵƢȮħƟĺĵĔŅĶıńĥĬŅŏĝŊŘŀěŋĸŇĬĪĶňĵƢ
ĽņľĶńĭŒĝƟŒĬĔĶŃĭĺĬĔŅĶįĸŇĨȮ 
 

2 ŒĝƟėņĺƞŅȮŴqwlrfcrgaȮ`gmjmewŵȮĶƞĺĴĔńĭĔĸŋƞĴėņŀŊŗĬ
ŒĬĽŅĕŅȮ&discipline'ȮĪňŗŏĔňŗĵĺĕƟŀĚ, ŏėĶŊŗŀĚĴŊŀȮ&tools'Ȯ
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮsynthetic biology, ĔĸŋƞĴėņěŅĔ
ėĺŅĴŏľŖĬĕŀĚįŌƟĪĶĚėŋĦĺŋĥŇȮŐĸŃĔĸŋƞĴėņĪňŗıĭěŅĔ 
ĔŅĶĽŊĭėƟĬěŅĔėņĽņėńĠĝŋħĪňŗȮ1  

2,434 ĔĸŋƞĴŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅěŋĸŇĬĪĶňĵƢȮ 
ĔŅĶľĴńĔȮĔŅĶıńĥĬŅĽƞĺĬĽĬńĭĽĬŋĬĔŅĶįĸŇĨȮŏĝƞĬȮ 
őĮĶőĴŏĨŀĶƢȮŏŀĬœĞĴƢȮȮőĮĶŐĔĶĴȮŏėĶŊŗŀĚĴŊŀŏıŊŗŀŀŀĔŐĭĭȮȮ
ĔŅĶĺŇŏėĶŅŃľƢőĮĶĨňĬȮĔŅĶŀŀĔŐĭĭőĮĶĨňĬȮŏĞĸĸƢŏěƟŅĭƟŅĬȮ
ĔŅĶįĸŇĨŏĽƟĬŒĵĭŃĞŀĸĨƢ 

ŏĪėőĬőĸĵňĪňŗĴňĔŅĶĬņœĮŒĝƟŒĬľĸŅĔľĸŅĵ
ŀŋĨĽŅľĔĶĶĴȮŏĝƞĬȮŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮ
ŀŋĨĽŅľĔĶĶĴĔŅĶŐıĪĵƢȮħƟĺĵĔŅĶıńĥĬŅŏĝŊŘŀěŋĸŇĬĪĶňĵƢ
ĽņľĶńĭŒĝƟŒĬĔĶŃĭĺĬĔŅĶįĸŇĨȮŀŋĨĽŅľĔĶĶĴįĸŇĨ
ĺńĨĩŋħŇĭŏıŊŗŀĔŅĶĔƞŀĽĶƟŅĚ 

3 ŒĝƟľĸńĔĔŅĶŏħňĵĺĔńĭĝŋħĪňŗȮ0ȮőħĵŏıŇŗĴŏĨŇĴėņĽņėńĠ 
ĪňŗŏĔňŗĵĺĔńĭȮgene expression, vector, promoterȮ
ŏĕƟŅœĮĪňŗŏėĶŊŗŀĚĴŊŀȮ&tools'ȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮsynthetic 
biology  

/*062 ĔĸŋƞĴŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅěŋĸŇĬĪĶňĵƢȮ 

ĔŅĶľĴńĔȮĔŅĶĮĶńĭĮĶŋĚıŊĝĨƞŀĨƟŅĬőĶėȮĔŅĶıńĥĬŅĽƞĺĬ

ĽĬńĭĽĬŋĬĔŅĶįĸŇĨȮŏĝƞĬȮŏĺĔŏĨŀĶƢȮĔŅĶĬŖŀėŏŀŅĪƢȮĶŃĭĭĪňŗ

ĴňĔŅĶėĺĭėŋĴĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬȮ&Programmable 

Expression System)ȮŏĝŊŘŀĪňŗĴňėŋĦĽĴĭńĨŇĔŅĶĨƟŅĬ 

ŏĪėőĬőĸĵňĪňŗĴňĔŅĶĬņœĮŒĝƟŒĬľĸŅĔľĸŅĵ

ŀŋĨĽŅľĔĶĶĴȮŏĝƞĬȮŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮ

ŀŋĨĽŅľĔĶĶĴŏĔļĨĶȮħƟĺĵĔŅĶıńĥĬŅıŊĝĨƟŅĬőĶė 

ŀŋĨĽŅľĔĶĶĴħƟŅĬŏėĶŊŗŀĚĴŊŀȮŀŋĮĔĶĦƢŏĪėőĬőĸĵň

ĽŅĶĽĬŏĪĻ 

4 ŒĝƟľĸńĔĔŅĶŏħňĵĺĔńĭĝŋħĪňŗȮ0ȮőħĵŏıŇŗĴŏĨŇĴėņĽņėńĠ 
ĪňŗŏĔňŗĵĺĔńĭȮgene editing ŏĕƟŅœĮŒĬĽƞĺĬŏėĶŊŗŀĚĴŊŀȮ
&tools'ȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮsynthetic biology  

54,966 ĔĸŋƞĴŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅěŋĸŇĬĪĶňĵƢȮ 
ĔŅĶľĴńĔȮĔŅĶıńĥĬŅĽƞĺĬĽĬńĭĽĬŋĬĔŅĶįĸŇĨȮŏĝƞĬȮŏĺĔŏĨŀĶƢȮȮ
ĔŅĶėĺĭėŋĴıŅľĬŃȮĔŅĶĨĶĺěĽŀĭĔŅĶĪņĚŅĬĕŀĚ
ĝŇŘĬĽƞĺĬıŅľĬŃȮŏĪėőĬőĸĵňŏĔňŗĵĺĔńĭŏěŏĬĨŇĔŀńĸĔŀĶŇĪŉĴ 
ŏĪėőĬőĸĵňĮƤĠĠŅĮĶŃħŇļģƢȮŏĪėőĬőĸĵňħƟŅĬŏĔĴ 

ŏĪėőĬőĸĵňĪňŗĴňĔŅĶĬņœĮŒĝƟŒĬľĸŅĔľĸŅĵ
ŀŋĨĽŅľĔĶĶĴȮŏĝƞĬȮŀŋĨĽŅľĔĶĶĴŏĔļĨĶȮ
ŀŋĨĽŅľĔĶĶĴĔŅĶŐıĪĵƢȮŀŋĨĽŅľĔĶĶĴħƟŅĬŏėĶŊŗŀĚĴŊŀȮ
ŀŋĮĔĶĦƢȮŏĪėőĬőĸĵňĽŅĶĽĬŏĪĻ ŀŋĨĽŅľĔĶĶĴĶĩĵĬĨƢȮ
ıŅľĬŃœĶƟėĬĕńĭ 
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ėņ
ĽņėńĠ
ĝŋħĪňŗ 

ĸńĔļĦŃėņĽņėńĠ ěņĬĺĬĽŇĪīŇĭńĨĶ 
(ŏĶŊŗŀĚ) 

ė,Ļ,Ȯ1998-2023 

ĨńĺŀĵƞŅĚŏĪėőĬőĸĵňĪňŗıĭ 
 

ŀŋĨĽŅľĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚ  

5 ŒĝƟėņĨĶĚȮėŊŀȮŴqwlrfcrgaȮ`gmjmewŵȮŐĸŃ 
ŴcleglccpgleȮ`gmjmewŵ 

776 ĔĸŋƞĴŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅěŋĸŇĬĪĶňĵƢȮ 
ĔŅĶľĴńĔȮĔŅĶıńĥĬŅĽƞĺĬĽĬńĭĽĬŋĬĔŅĶįĸŇĨȮŏĝƞĬȮ 
ıĸŅĽĴŇħȮŀŋĮĔĶĦƢȮMicrofluidic 

ŏĪėőĬőĸĵňĪňŗĴňĔŅĶĬņœĮŒĝƟŒĬľĸŅĔľĸŅĵ
ŀŋĨĽŅľĔĶĶĴȮŏĝƞĬȮŀŋĨĽŅľĔĶĶĴŏĔļĨĶȮ
ŀŋĨĽŅľĔĶĶĴĔŅĶŐıĪĵƢȮŀŋĨĽŅľĔĶĶĴħƟŅĬŀŋĮĔĶĦƢ 

6 ŒĝƟėņĺƞŅȮŴqwlrfcrgaȮ`gmjmewŵȮŐĸŃ 
ŴcleglccpgleȮ`gmjmewŵȮŏĮƦĬėņľĸńĔŒĬĔŅĶ
ĽŊĭėƟĬȮĶƞĺĴĔńĭĔĸŋƞĴėņŀŊŗĬŒĬĽŅĕŅȮ&discipline'Ȯ 
ĪňŗŏĔňŗĵĺĕƟŀĚ, ŏėĶŊŗŀĚĴŊŀȮ&tools'ȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮ
synthetic biology ĪňŗĴňĔĸŋƞĴėņŏĔňŗĵĺĔńĭȮgene 
editingȮŀĵŌƞħƟĺĵ, ĔĸŋƞĴėņěŅĔėĺŅĴŏľŖĬĕŀĚ
įŌƟĪĶĚėŋĦĺŋĥŇȮŐĸŃĔĸŋƞĴėņĪňŗıĭěŅĔĔŅĶĽŊĭėƟĬěŅĔ 
ėņĽņėńĠĝŋħĪňŗȮ1  

700 ĔĸŋƞĴŏĪėőĬőĸĵňĔŅĶıńĥĬŅěŋĸŇĬĪĶňĵƢȮĔŅĶľĴńĔȮĔŅĶıńĥĬŅ
ĽƞĺĬĽĬńĭĽĬŋĬĔŅĶįĸŇĨȮŏĝƞĬȮőĮĶőĴŏĨŀĶƢ ıĸŅĽĴŇħȮ 
ĔŅĶĺŇŏėĶŅŃľƢőĮĶĨňĬ ŀŋĮĔĶĦƢȮMicrofluidic ŏĪėőĬőĸĵňȮ
HTP genome engineering platform ŏĪėőĬőĸĵň
ŏĔňŗĵĺĔńĭĔŅĶěņĸŀĚȮ&simulation) 

ŏĪėőĬőĸĵňĪňŗĴňĔŅĶĬņœĮŒĝƟŒĬľĸŅĔľĸŅĵ
ŀŋĨĽŅľĔĶĶĴȮŏĝƞĬȮŀŋĨĽŅľĔĶĶĴĔŅĶŐıĪĵƢ 
ŀŋĨĽŅľĔĶĶĴħƟŅĬėŀĴıŇĺŏĨŀĶƢȮŏĪėőĬőĸĵň
ĽŅĶĽĬŏĪĻȮŏĝƞĬȮIBM 

7 ŒĝƟľĸńĔĔŅĶŏħňĵĺĔńĭĝŋħĪňŗȮ4ȮőħĵŏıŇŗĴŏĨŇĴĔŅĶĽŊĭėƟĬ
ħƟĺĵĶŃĭĭȮIPC22 ŒĬĔĸŋƞĴȮA61Ȯ(medical or 
veterinary science; hygiene) C12 
(biochemistry; beer; spirits; wine; vinegar; 
microbiology; enzymology; mutation or 
genetic engineering) C07 (organic chemistry) 
ŐĸŃĴňĔŅĶĮĶńĭŏĮĸňŗĵĬėņĽŊĭėƟĬĶƞĺĴŏıŇŗĴŏĨŇĴ 

1,524 ĔĸŋƞĴŏĪėőĬőĸĵňĔŅĶıńĥĬŅěŋĸŇĬĪĶňĵƢȮĔŅĶľĴńĔȮĔŅĶıńĥĬŅ
ĽƞĺĬĽĬńĭĽĬŋĬĔŅĶįĸŇĨȮŏĝƞĬȮŏĺĔŏĨŀĶƢ ıĸŅĽĴŇħȮ
ŏĪėőĬőĸĵňĔŅĶĽĶƟŅĚŏĝŊŘŀŒľƟŏľĴŅŃĽĴĔńĭĔŅĶĬņœĮŒĝƟ
ĮĶŃőĵĝĬƢȮŏĪėőĬőĸĵňĮƤĠĠŅĮĶŃħŇļģƢĪňŗŏĔňŗĵĺĕƟŀĚȮ
ŏĪėőĬőĸĵňȮHTP genome engineering platform 

ŏĪėőĬőĸĵňĪňŗĴňĔŅĶĬņœĮŒĝƟŒĬľĸŅĔľĸŅĵ
ŀŋĨĽŅľĔĶĶĴȮŏĝƞĬȮŀŋĨĽŅľĔĶĶĴŏĔļĨĶȮ
ŀŋĨĽŅľĔĶĶĴĔŅĶŐıĪĵƢ ŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮ
ŀŋĨĽŅľĔĶĶĴħƟŅĬŏĪėőĬőĸĵňĝňĺĳŅıȮŏĝƞĬȮ
ZymergenȮ 

 
22 ĶľńĽĽńĠĸńĔļĦƢĔŅĶĮĶŃħŇļģƢȮIPC: International Patent Classification ŏĮƦĬĽńĠĸńĔļĦƢěņŐĬĔľĴĺħľĴŌƞĔŅĶĮĶŃħŇļģƢĶŃľĺƞŅĚĮĶŃŏĪĻȮĨńĺŀĵƞŅĚŏĝƞĬȮA Human Necessities (ĽŇŗĚěņŏĮƦĬĽņľĶńĭĴĬŋļĵƢ'ȮC Chemistry; 
Metallurgy (ŏėĴňȮĺŇīňĔŅĶŐĵĔőĸľŃŀŀĔěŅĔŐĶƞ'ȮŏĮƦĬĨƟĬ (ĪňŗĴŅ: https://std.moc.go.th/std/group/158) ĔŅĶŒĝƟȮIPCȮĶƞĺĴŒĬĔŅĶĽŊĭėƟĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶěŃĝƞĺĵŒľƟĔŅĶĽŊĭėƟĬĨĶĚĔńĭħƟŅĬĪňŗĨƟŀĚĔŅĶĴŅĔĕŉŘĬȮľĶŊŀĔĸƞŅĺŀňĔĬńĵľĬŉŗĚėŊŀ 
ĨńħĕƟŀĴŌĸŒĬĽŅĕŅĪňŗœĴƞĨĶĚĔńĭĕƟŀĴŌĸĪňŗĨƟŀĚĔŅĶĪňŗĮŃĮĬŏĕƟŅĴŅœħƟĴŅĔĕŉŘĬ 

https://std.moc.go.th/std/group/158
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ėņ
ĽņėńĠ
ĝŋħĪňŗ 

ĸńĔļĦŃėņĽņėńĠ ěņĬĺĬĽŇĪīŇĭńĨĶ 
(ŏĶŊŗŀĚ) 

ė,Ļ,Ȯ1998-2023 

ĨńĺŀĵƞŅĚŏĪėőĬőĸĵňĪňŗıĭ 
 

ŀŋĨĽŅľĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚ  

8 ŒĝƟėņĺƞŅȮŴqwlrfcrgaȮ`gmjmewŵ*ȮŴĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢŵȮĶƞĺĴĔńĭėņĳŅļŅœĪĵŀŊŗĬĪňŗĬƞŅěŃ
ŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮŐĸŃĝŊŗŀĬńĔĺŇěńĵœĪĵ
ĪňŗĪņĚŅĬħƟŅĬĬňŘ 

N/A ĔĸŋƞĴŏĪėőĬőĸĵňģŅĬĕŀĚȮmodern biotechnologyȮŏĝƞĬȮ
ĔŅĶĽĶƟŅĚȮĶňėŀĴĭŇŐĬĬĪƢȮĔŅĶĮĶńĭĮĶŋĚıńĬīŋĔĶĶĴȮŏĮƦĬĨƟĬ 

ľĬƞĺĵĚŅĬŒĬĮĶŃŏĪĻœĪĵĵŊŗĬėņĕŀłȮŒĬŀŋĨĽŅľĔĶĶĴ
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶŒĝƟŏĪėőĬőĸĵňĝňĺĳŅı  
 

ľĴŅĵŏľĨŋ:ȮŒĝƟėņĽņėńĠĝŋħĪňŗȮ/Ȯ+Ȯ5ȮĽŊĭėƟĬŒĬģŅĬĕƟŀĴŌĸĶŃħńĭĬŅĬŅĝŅĨŇȮĞŉŗĚŒĬĔŅĶĽŊĭėƟĬėĶńŘĚĬňŘŒĝƟģŅĬĕƟŀĴŌĸŏĝŇĚıŅĦŇĝĵƢȮDerwent Innovation (DI) ŐĸŃȮInnographyȮŐĸŃŒĝƟėņĽņėńĠĝŋħĪňŗȮ6ȮĽŊĭėƟĬ
ŒĬģŅĬĕƟŀĴŌĸȮĔĶĴĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅȮĮĶŃŏĪĻœĪĵȮȮ
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ěŅĔĨŅĶŅĚĪňŗȮ2-6ȮŏĴŊŗŀıŇěŅĶĦŅĝŋħėņĽņėńĠĪňŗȮ1 +Ȯ6 ĪňŗŒĝƟŒĬĔŅĶĽŊĭėƟĬģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĶŃħńĭĬŅĬŅĝŅĨŇȮ
ıĭĺƞŅĭŅĚĝŋħėņĽņėńĠŒľƟįĸĔŅĶĽŊĭėƟĬĪňŗœĴƞėĶŀĭėĸŋĴŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĴŊŗŀŏĪňĵĭĔńĭĕƟŀĴŌĸ
ěŅĔĺŅĶĽŅĶĺŇĝŅĔŅĶĪňŗıĭȮŐĸŃĭŅĚĝŋħėņĽņėńĠŒľƟįĸĔŅĶĽŊĭėƟĬĪňŗĮĶŃĔŀĭħƟĺĵŏĪėőĬőĸĵňĪňŗœĴƞŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢĮŃĮĬŏĕƟŅĴŅȮĕĦŃĪňŗėņĽņėńĠĝŋħĪňŗȮ7ȮĴňėĺŅĴŏľĴŅŃĽĴĪňŗĽŋħȮŏĬŊŗŀĚěŅĔŒľƟįĸĔŅĶĽŊĭėƟĬĪňŗėĶŀĭėĸŋĴĕŀĭŏĕĨ
ŐĸŃĽŃĪƟŀĬĳŅıĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴŅĔĪňŗĽŋħȮŀňĔĪńŘĚĴňĔŅĶŒĝƟȮIPC ĶƞĺĴŒĬĔŅĶĽŊĭėƟĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶŏıŊŗŀĨńħĕƟŀĴŌĸ 
ŒĬĽŅĕŅŀŊŗĬĪňŗœĴƞŏĔňŗĵĺĕƟŀĚĞŉŗĚĮŃĮĬŏĕƟŅĴŅœħƟĴŅĔĕŉŘĬȮħńĚĬńŘĬȮĕƟŀĴŌĸĪňŗĬņĴŅĺŇŏėĶŅŃľƢŒĬŏĝŇĚĸŉĔŒĬŐĚƞĴŋĴĨƞŅĚȮŕȮŒĬĸņħńĭ
ĨƞŀœĮěŃĵŉħĔŅĶŒĝƟėņėƟĬĕŀĚĝŋħĪňŗȮ5ȮŒĬĔŅĶĽŊĭėƟĬģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĶŃħńĭĬŅĬŅĝŅĨŇȮŐĸŃŒĝƟėņĽņėńĠĝŋħĪňŗȮ6ȮĽŊĭėƟĬ 
ŒĬģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĔĶĴĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅȮĮĶŃŏĪĻœĪĵȮŏıŊŗŀĔŅĶĻŉĔļŅĕƟŀĴŌĸĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢŒĬŏĝŇĚĸŉĔĨƞŀœĮȮħńĚĬňŘ 

0,2,/ȮĽĩŅĬĳŅıĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ
ĕŀĚőĸĔ 
 ěŅĔĪňŗĔĸƞŅĺĕƟŅĚĨƟĬįĸĔŅĶĻŉĔļŅĽƞĺĬĬňŘœħƟĴŅěŅĔĔŅĶŏĸŊŀĔŒĝƟėņĽņėńĠĝŋħĪňŗȮ7 ĶƞĺĴĔńĭ IPCȮŒĬĔĸŋƞĴȮA61, C12 
ŐĸŃ C07 ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2-6ȮŒĬĔŅĶĽŊĭėƟĬģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĶŃħńĭĬŅĬŅĝŅĨŇ ĞŉŗĚĳŅĵŒĨƟģŅĬĕƟŀĴŌĸĬňŘĴňģŅĬĕƟŀĴŌĸ
ĪńŘĚĕŀĚĨƞŅĚĮĶŃŏĪĻŐĸŃĕŀĚĮĶŃŏĪĻœĪĵĶĺĴŀĵŌƞħƟĺĵȮőħĵėņĽņėńĠĝŋħĪňŗȮ7ȮĮĶŃĔŀĭħƟĺĵȮŴsynthetic biology ŐĸŃ 
cleglccpgleȮ`gmjmewŵȮŏĮƦĬėņĽŊĭėƟĬľĸńĔȮĶƞĺĴĔńĭĔĸŋƞĴėņŀŊŗĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮœħƟŐĔƞȮŴalgorithm, 
deep learning, machine learning, artificial intelligence, AI, metabolic engineering, systems biology, protein 
engineering, saccharomyces cerevisiae, biotechnology, biosynthesis, genetic engineering, genome editing, 
directed evolution, crispr, gene expression, genome engineering, DNA, assembly, optogenetics, cell free 
protein, bioengineering, quorum sensing, genetic circuits, heterologous expression, self assembly, genetic 
code expansion, bioinformatic, transcription factor, cell free, gene circuit, RNA, microbial cell factory, 
protein design, gene therapy, pathway engineering, molecular biology, protein expression, metabolomic, 
enzyme engineer, corynebacterium glutamicum, synthetic cell, microbial cell factor, gene regulatory 
network, cell factory, molecular communication, bottom up, biomanufacturing, high throughput, artificial 
life, artificial part, genome mining, DNA nanotechnology, mathematical model, biosafety, biosynthetic 
pathway, computational biology, homologous recombination, transcriptional regulation, DNA synthesis, 
iGEM, promotor engineer, microbiome engineer, genetic transformation, microbio engineer, minimal 
genome, regulatory circuit, orthogonal biosystem, bionanoscience, bionano science transgene, circuit 
biology, genome engineer, gene drive, reprogrammable cell, programmable, design, build, artificial, 
engineer, modula, omics, machine learning, deep learning, predict, database, data, library, 
communication data network, gk_ec*Ȯ amknsr_rgml_jȮ kmjcasj_pȮ `gmjmew*Ȯ _prgdgag_jȮ glrcjjgeclacŵ  
ĪńŘĚĬňŘȮįĸĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸŒĬħƟŅĬĨƞŅĚȮŕȮěŅĔĔŅĶŒĝƟĔĸŋƞĴėņĽņėńĠĕƟŅĚĨƟĬŒĬĔŅĶĽŊĭėƟĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĬŅĬŅĝŅĨŇȮŏĮƦĬħńĚĬňŘ 
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(1) ŐĬĺőĬƟĴĔŅĶĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶ  
ĔŅĶĻŉĔļŅĕƟŀĴŌĸŐĬĺőĬƟĴĔŅĶĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶȮĝňŘŒľƟŏľŖĬĺƞŅĪńŗĺőĸĔĴňĔŅĶĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚ

ĽŇĪīŇĭńĨĶŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏıŇŗĴĕŉŘĬȮőħĵŒĬĶŃĵŃŐĶĔȮĝƞĺĚĮƖȮė,Ļ,Ȯ0..1-2013 ĵńĚĴňěņĬĺĬĬƟŀĵȮěŅĔĬńŘĬ
ĨńŘĚŐĨƞĳŅĵľĸńĚĮƖȮė,Ļ,Ȯ2011 ŏĮƦĬĨƟĬĴŅȮŏĶŇŗĴĴňŐĬĺőĬƟĴŏıŇŗĴĽŌĚĕŉŘĬŀĵƞŅĚĴňĬńĵĽņėńĠŀĵƞŅĚĨƞŀŏĬŊŗŀĚěĬĩŉĚĮƤěěŋĭńĬȮőħĵ
ĮĶŇĴŅĦĔŅĶĵŊŗĬėņĕŀĽŇĪīŇĭńĨĶĮƖȮė,Ļ,Ȯ0./1ȮĴňěņĬĺĬȮ2.ȮDWPI Patent family23ȮŐĸŃŏıŇŗĴŏĮƦĬěņĬĺĬȮ06.ȮDWPI 
Patent familyȮŒĬĮƖȮė,Ļ,Ȯ0.01ȮŀńĨĶŅĔŅĶĕĵŅĵĨńĺėŇħŏĮƦĬȮ4..ȮŏĮŀĶƢŏĞŖĬĨƢȮħńĚŐĽħĚŒĬĳŅıŐĬĺőĬƟĴĔŅĶĵŊŗĬĕŀĶńĭ
ėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪńŗĺőĸĔĶŅĵĮƖȮ&Patent publishing trends) &ĶŌĮĪňŗȮ2-28) 

 
ĶŌĮĪňŗȮ0+068ȮŐĬĺőĬƟĴĔŅĶĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 

ĪńŗĺőĸĔĶŅĵĮƖȮ&Patent publishing trends) 
ĪňŗĴŅ: ģŅĬĕƟŀĴŌĸ Derwent Innovation 

 
(2) ľĬƞĺĵĚŅĬĪňŗĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĴŅĔĪňŗĽŋħȮ/.ȮŀńĬħńĭŐĶĔȮ&TopȮ/. assignees) 
 ĔŅĶĻŉĔļŅĕƟŀĴŌĸľĬƞĺĵĚŅĬĪňŗĴňŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴŅĔĪňŗĽŋħȮ/.ȮŀńĬħńĭŐĶĔěŅĔĪńŗĺőĸĔȮ
&Top /. assignees)ȮĝňŘŒľƟŏľŖĬĩŉĚľĬƞĺĵĚŅĬĪňŗĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĶŃħńĭŐĬĺľĬƟŅĕŀĚőĸĔȮĞŉŗĚŏĮƦĬįŌƟĬņ
ĪŅĚħƟŅĬĬňŘĪňŗĽņėńĠŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮŀŅěěńħŏĮƦĬėŌƞŐĕƞĚȮ&Competitors) ľĶŊŀıńĬīĴŇĨĶħƟŅĬŏĪėőĬőĸĵňȮħńĚŐĽħĚŒĬ 
ĶŌĮĪňŗȮ0-29 
 

 
23 ĽŇĪīŇĭńĨĶŏĶŊŗŀĚŏħňĵĺĔńĬĪňŗĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚŒĬĮĶŃŏĪĻĨƞŅĚȮŕȮĩŊŀŏĮƦĬ DWPI Patent familyȮŏħňĵĺĔńĬȮľĶŊŀĔĸƞŅĺŀňĔĬńĵľĬŉŗĚėŊŀȮľĸŅĵėņĕŀ
ĽŇĪīŇĭńĨĶĪňŗĵŊŗĬŒĬĮĶŃŏĪĻĨƞŅĚȮŕȮĬńĭŏĮƦĬȮ/ȮŏĪėőĬőĸĵňĕŀĚȮDWPI Patent family 
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ĶŌĮĪňŗȮ0+078ȮľĬƞĺĵĚŅĬĪňŗĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴŅĔĪňŗĽŋħȮ/.ȮŀńĬħńĭŐĶĔ 

&TopȮ/. assignees) ěŅĔĪńŗĺőĸĔ 
ĪňŗĴŅ: ģŅĬĕƟŀĴŌĸ Derwent Innovation 

 ěŅĔĶŌĮĪňŗȮ0-29ȮěńħĸņħńĭľĬƞĺĵĚŅĬĪňŗĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶěŅĔĴŅĔĪňŗĽŋħœĮĬƟŀĵĪňŗĽŋħȮ/.ȮŀńĬħńĭ
ŐĶĔĕŀĚőĸĔȮœħƟħńĚĬňŘ 

1. INBIOSE NV  
2. UNIVERSITY JIANGNAN 
3. UNIVERSITY TIANJIN 
4. MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
5. ZYMERGEN INC 
6. UNIVERSITY CALIFORNIA 
7. BROAD INSTITUTE INC 
8. IBM 
9. UNIVERSITY WUHAN 
10. TAKARA BIO INC /UNIVERSITY SHANDONG/ UNIVERSITY ZHEJIANG 

 ěŅĔĕƟŀĴŌĸĕƟŅĚĨƟĬœħƟĴňĔŅĶĻŉĔļŅĶŅĵĸŃŏŀňĵħĕŀĚľĬƞĺĵĚŅĬľĶŊŀĮĶŃŏĪĻĪňŗŏĮƦĬĶŃħńĭŐĬĺľĬƟŅŒĬĔŅĶĵŊŗĬėņĕŀĶńĭ
ĽŇĪīŇĭńĨĶħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚőĸĔŏıŇŗĴŏĨŇĴŏıŊŗŀŏĮƦĬĔĶĦňĻŉĔļŅȮħńĚĬňŘ 
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INBIOSE NV, ĮĶŃŏĪĻŏĭĸŏĵňĵĴȮ24 
ĭĶŇļńĪȮINBIOSE NV ŏĮƦĬĳŅėīŋĶĔŇěĪňŗĵŊŗĬėņĕŀĽŇĪīŇĭńĨĶħƟŅĬĬňŘĴŅĔĪňŗĽŋħȮőħĵĭĶŇļńĪħńĚĔĸƞŅĺĪņīŋĶĔŇě

ŏĔňŗĵĺĔńĭįĸŇĨĳńĦĤƢŀŅľŅĶŐĸŃĽŋĕĳŅıȮŏĮƚŅľĴŅĵĔŅĶħņŏĬŇĬĔŅĶŒĬĔŅĶıńĥĬŅŐĸŃĔŅĶįĸŇĨȮSpecialty CarbohydrateȮ
ĕĬŅħŒľĠƞȮŐĸŃȮHuman Milk Oligosaccharide (HMO)ȮĞŉŗĚŏĮƦĬėŅĶƢőĭœŁŏħĶĨĪňŗĴňőĴŏĸĔŋĸŏĝŇĚĞƟŀĬ őħĵıńĥĬŅ
ŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅŏĞĸĸƢŐĸŃĔĶŃĭĺĬĔŅĶľĴńĔȮ 

ĨńĺŀĵƞŅĚĔŅĶĵŊŗĬěħĽŇĪīŇĭńĨĶ 

¶ SG11202251985A1 KDO-free production hosts for oligosaccharide synthesis  

¶ WO2021160829A1 Viable bacterial host cell  

¶ WO2023111141A1 Sialyl transferases for the production of sialylated oiligosaccharides  

¶ WO2021160830A1 Glycominimized bacterial host cells  

¶ WO2022034070A1 Production of a sialylated oiligosaccharides mixture by a cell 

¶ ID202205555A Production of glycosyllation products in host cells  

¶ WO2022219186A2ȮFermentative production 
ĕƟŀĽńĚŏĔĨȮĭĶŇļńĪĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽƞĺĬĕŀĚŏĪėőĬőĸĵňĪňŗĽĬńĭĽĬŋĬĔŅĶħņŏĬŇĬīŋĶĔŇěĕŀĚĭĶŇļńĪȮ 

ĽĩŅĭńĬĔŅĶĻŉĔļŅȮĽĩŅĭńĬĺŇěńĵĕŀĚĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬȮ 
ěńħŏĮƦĬľĬƞĺĵĚŅĬĪňŗıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬĶŃħńĭĝńŘĬŐĬĺľĬƟŅȮŏĝƞĬȮ

Jiangnan University*Tianjin University, Wuhun University, Shandong University, ZhejiangȮUniversity, 
Nanjing UniversityȮŏĮƦĬĨƟĬȮŒĬĪňŗĬňŘœħƟŐĽħĚĨńĺŀĵƞŅĚĭŅĚľĬƞĺĵĚŅĬĪňŗĬƞŅĽĬŒěœĺƟȮħńĚĬňŘ 

Jiangnan University 25 
Jiangnan University ŏĮƦĬľĬƞĺĵĚŅĬĪňŗĴňįĸĚŅĬħƟŅĬĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮĽĬńĭĽĬŋĬĔŅĶĬņĚŅĬ 

œĮŒĝƟĮĶŃőĵĝĬƢŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴȮľĬŉŗĚŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĕŀĚľĬƞĺĵĚŅĬĬňŘȮėŊŀȮľĬƞĺĵĚŅĬħƟŅĬĺŇĪĵŅĻŅĽĨĶƢŐĸŃ
ŏĪėőĬőĸĵňĔŅĶŀŅľŅĶĕŀĚĴľŅĺŇĪĵŅĸńĵȮěŉĚĴňĔŅĶıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅŏĞĸĸƢŐĸŃĔĶŃĭĺĬĔŅĶľĴńĔȮ 

ĨńĺŀĵƞŅĚĔŅĶĵŊŗĬěħĽŇĪīŇĭńĨĶ 

¶ CN113186142A Escherichia coli engineering strain for efficiently producing 2'-
fucosyllactose 

¶ CN114874966A Construction method and application of Escherichia coli engineering 
strain with high yield of 3 '-sialyllactose 

¶ CN116606844A Construction and application of alpha-farnesene synthesized 
saccharomyces cerevisiae engineering bacteria 

¶ CN112080440A Saccharomyces cerevisiae engineering bacteria for producing 
farnesene and application thereof 

 

 
24 ĪňŗĴŅȮhttps://inbiose.com/en ĽŊĭėƟĬĺńĬĪňŗȮ6ȮīńĬĺŅėĴȮı,Ļ,Ȯ2566  
25 ĪňŗĴŅȮhttps://english.jiangnan.edu.cn/index.htm ĽŊĭėƟĬĺńĬĪňŗȮ6ȮīńĬĺŅėĴȮ2566 

https://inbiose.com/en%20สืบค้น
https://english.jiangnan.edu.cn/index.htm%20สืบค้น


70 

Tianjin University 26 
Tianjin University ĴňĔŅĶěńħŏĨĶňĵĴėĺŅĴıĶƟŀĴĕŀĚģŅĬĕƟŀĴŌĸŐĸŃĔĸœĔĽĬńĭĽĬŋĬĨƞŅĚȮŕȮŀŅĪŇȮSynBio 

research platform, SynBioML ľƟŀĚĽĴŋħĪňŗĶĺĭĶĺĴĨńĺŀĵƞŅĚĽŅĶĝňĺĽńĚŏėĶŅŃľƢȮįŌƟĽĬŒěĽŅĴŅĶĩėƟĬľŅŐĸŃĬņœĮŒĝƟ
ŀŀĔŐĭĭŐĸŃĽĶƟŅĚœħƟőħĵœĴƞĴňėƞŅŒĝƟěƞŅĵ  Synthetic Biology International Cooperation Joint Research Center 
ĶĺĴĩŉĚıńĬīĴŇĨĶĺŇěńĵŒĬőėĶĚĔŅĶȮSynthetic Yeast Genome ĴňŏĮƚŅľĴŅĵŒĬĔŅĶĽĶƟŅĚŐĸŃŀŀĔŐĭĭȮeukaryotic 
genome őħĵĴňȮYingjin Yuan ŏĮƦĬįŌƟŏĝňŗĵĺĝŅĠľĸńĔħƟŅĬĝňĺĺŇĻĺĔĶĶĴ  

ĨńĺŀĵƞŅĚĔŅĶĵŊŗĬěħĽŇĪīŇĭńĨĶ 

¶ CN107016520 A Information processing system and method based on synthetic 
biology sample entity storehouse 

¶ CN105755028 A 2+hydroxyphenylglycolic acid producing engineering bacteria and 
construction method thereof 

Massachusetts Institute of Technology (MIT), ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮ27 
MIT ŏĮƦĬľĬŉŗĚŒĬĴľŅĺŇĪĵŅĸńĵĝńŘĬĬņĪňŗŒľƟėĺŅĴĽĬŒěŏĶŊŗŀĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮĴňėĺŅĴıĶƟŀĴĪńŘĚħƟŅĬ

őėĶĚĽĶƟŅĚıŊŘĬģŅĬŐĸŃĭŋėĸŅĔĶȮěńħĨńŘĚėĦŃĝňĺĺŇĻĺĔĶĶĴȮ&MIT Department of Biological engineering: MIT 
BE) ŐĸŃĴňĻŌĬĵƢŏĜıŅŃħƟŅĬȮėŊŀȮThe MIT Synthetic Biology Center (SBC)  įĸĚŅĬĺŇěńĵĴňĻńĔĵĳŅıȮĽƞĚĨƞŀĽŌƞ
ĳŅėŀŋĨĽŅľĔĶĶĴȮĽĶƟŅĚĶŅĵœħƟŒľƟŐĔƞĴľŅĺŇĪĵŅĸńĵŐĸŃįŌƟėŇħėƟĬįĸĚŅĬȮħńĚěŃŏľŖĬœħƟěŅĔįĸĚŅĬĕŀĚȮProf. Dr. Robert 
S. Langer ĭŋėĸŅĔĶȮMIT ĪňŗőħħŏħƞĬŐĸŃœħƟĶńĭĔŅĶĵŀĴĶńĭŒĬĺĚĔŅĶȮĴňĔŅĶĕŀĶńĭĔŅĶėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶȮĔŅĶŏįĵŐıĶƞ
įĸĚŅĬĺŇĝŅĔŅĶȮŐĸŃĔŅĶŀĬŋĠŅĨŒľƟŒĝƟĽŇĪīŇŒĬįĸĚŅĬĴŅĔĴŅĵȮ28ȮěŉĚĩŊŀŏĮƦĬľĬƞĺĵĚŅĬįŌƟĬņĕŀĚĽľĶńģŀŏĴĶŇĔŅ 
ĪňŗıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěņĬĺĬĴŅĔȮĬŀĔěŅĔĬňŘȮĽľĶńģŀŏĴĶŇĔŅĵńĚĴňľĬƞĺĵĚŅĬĶŃħńĭ 
ŐĬĺľĬƟŅŀŊŗĬȮŕȮŒĬĽƞĺĬĪňŗŏĮƦĬĽĩŅĭńĬĔŅĶĻŉĔļŅȮĽĩŅĭńĬĺŇěńĵĕŀĚĽľĶńģŀŏĴĶŇĔŅĪňŗıńĥĬŅŏĶŊŗŀĚĬňŘȮœħƟŐĔƞȮUniversity of 
California, Broad Institute Inc., Harvard college ŏĮƦĬĨƟĬ 

ĨńĺŀĵƞŅĚĽŇĪīŇĭńĨĶĪňŗĽŊĭėƟĬıĭ 

¶ WO2019232025 A2 Microbial engineering for the production of isoprenoids 

¶ WO2019241684 A1 Synthetic 5' utr sequences, and high-throughput engineering and 
screening thereof 

Ghent University, ĮĶŃŏĪĻŏĭĸŏĵňĵĴȮ29 
ŐĴƟȮGhent UniversityȮěŃœĴƞœħƟĨŇħŀńĬħńĭȮTop 10 assignee ŐĨƞıĭėĺŅĴŏĝŊŗŀĴőĵĚĔŅĶĪņĚŅĬĔńĭĭĶŇļńĪȮ

INBIOSE NVȮĞŉŗĚĴňĔŅĶĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĽŌĚĽŋħȮěŉĚĴňėĺŅĴĬƞŅĽĬŒěŒĬĔŅĶĵĔĨńĺŀĵƞŅĚŐĪĶĔĴŅŒĬĽƞĺĬĬňŘ
ħƟĺĵȮĴľŅĺŇĪĵŅĸńĵĬňŘĬŀĔěŅĔĴňĔŅĶįĸŇĨĭŋėĸŅĔĶħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŐĸƟĺȮĵńĚĽĬńĭĽĬŋĬĔŅĶŏĕƟŅĶƞĺĴőėĶĚĔŅĶĨƞŅĚȮŕȮ
ŏıŊŗŀĽĶƟŅĚıńĬīĴŇĨĶĺŇěńĵȮŐĸŃĴňĽƞĺĬĝƞĺĵŒľƟŏĔŇħĔŅĶĶńĭĶŌƟĩŉĚĻŅĽĨĶƢħƟŅĬĬňŘŒĬĺĚĔĺƟŅĚĕŉŘĬȮŏĝƞĬȮőėĶĚĔŅĶȮBioRoBoost - 

 
26 ĪňŗĴŅȮhttps://www.tju.edu.cn/english/index.htm ĽŊĭėƟĬȮĺńĬĪňŗȮ6ȮīńĬĺŅėĴȮ2566 
27 ĪňŗĴŅ https://be.mit.edu/ ĽŊĭėƟĬ ĺńĬĪňŗȮ6ȮīńĬĺŅėĴȮ2566 
28 ĻŉĔļŅĶŅĵĸŃŏŀňĵħŏıŇŗĴŏĨŇĴĪňŗȮInnography,  https://achievement.org/achiever/robert-s-langer-ph-d/ȮŐĸŃȮ
https://be.mit.edu/directory/robert-langerȮĽŊĭėƟĬȮĺńĬĪňŗȮ07ȮīńĬĺŅėĴȮ0344 
29 ĪňŗĴŅȮhttps://www.ugent.be/en ĽŊĭėƟĬ ĺńĬĪňŗȮ6ȮīńĬĺŅėĴȮ2566 

https://www.tju.edu.cn/english/index.htm
https://be.mit.edu/%20สืบค้น
https://achievement.org/achiever/robert-s-langer-ph-d/
https://be.mit.edu/directory/robert-langer
https://www.ugent.be/en%20สืบค้น
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Fostering Synthetic Biology standardisation through international collaboration 30ȮĞŉŗĚœħƟĶńĭĪŋĬĽĬńĭĽĬŋĬ
ěŅĔĽľĳŅıĵŋőĶĮȮ&H0.0.'ȮŏĮƦĬŏĺĸŅȮ1ȮĮƖȮ&/ȮĨŋĸŅėĴȮ0./6Ȯ+Ȯ1.ȮĔńĬĵŅĵĬȮ0.0/'ȮĻŉĔļŅĺŇěńĵŏıŊŗŀĴŋƞĚŐĔƟĮƤĠľŅĪŅĚ
ŏĪėĬŇėŐĸŃĔņľĬħĬŇĵŅĴĴŅĨĶģŅĬħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮőħĵĶĺĭĶĺĴĬńĔĺŇěńĵěŅĔȮ05ȮľĬƞĺĵĚŅĬȮĪńŘĚĽľĳŅıĵŋőĶĮȮ
ĽľĶńģŀŏĴĶŇĔŅȮŐĸŃŏŀŏĝňĵȮľĶŊŀȮőėĶĚĔŅĶȮBactoHealing-Bio-Kin-Tsugi as a trans-disciplinary tool to bridge 
science and society and challenge the ethics of synthetic biology 31 ľĶŊŀȮőėĶĚĔŅĶȮDisclosing 
thermophiles for industrial biotechnology by developing an orthogonal synthetic biology toolbox 32 
(ĶŃĵŃŏĺĸŅĪŋĬȮ/ȮıķĻěŇĔŅĵĬȮ0.00Ȯ-Ȯ/4ȮıķĻěŇĔŅĵĬȮ0.02'ȮőħĵȮ0ȮőėĶĚĔŅĶľĸńĚĨƞŅĚœħƟĶńĭĪŋĬěŅĔȮFlanders 
(FWO) ľĶŊŀȮőėĶĚĔŅĶȮSynthetic biology and artificial intelligence, mutual learning to advance together 
and jointly drive industrial biotechnology - accelerating knowledge discovery 33 ĪňŗŏĶŇŗĴħņŏĬŇĬĔŅĶĨńŘĚŐĨƞĮƖȮ
ė,Ļ,Ȯ0./4ȮĻŉĔļŅĺŇěńĵŏĔňŗĵĺĔńĭĝŇŘĬĽƞĺĬȮŀĚėƢĮĶŃĔŀĭȮŏėĶŊŗŀĚĴŊŀȮŐĸŃŏĪėĬŇėĨƞŅĚȮŕȮĪňŗŏĔňŗĵĺĕƟŀĚ  

ĕƟŀĽńĚŏĔĨȮįŌƟĮĶŃħŇļģƢĭŅĚĪƞŅĬĕŀĚĭĶŇļńĪȮINBIOSE NV ŏĮƦĬĭŋėĸŅĔĶĪňŗěĭĔŅĶĻŉĔļŅěŅĔ Ghent UniversityȮ
ŐĸŃŏėĵĪņĚŅĬĪňŗȮGhent University  

(3) įŌƟĮĶŃħŇļģƢėņĕŀĽŇĪīŇĭńĨĶȮ/.ȮŀńĬħńĭŐĶĔȮ&Top /. Inventors)  
ĔŅĶĻŉĔļŅĕƟŀĴŌĸįŌƟĮĶŃħŇļģƢėņĕŀĽŇĪīŇĭńĨĶȮ/.ȮŀńĬħńĭŐĶĔȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěŅĔĪńŗĺőĸĔȮ 

&Top /. Inventors)ȮĽŃĪƟŀĬĳŅıĬńĔĺŇěńĵĪňŗĪņĔŅĶıńĥĬŅŏĪėőĬőĸĵňĶŃħńĭĝńŘĬĬņĪňŗŏĝňŗĵĺĝŅĠħƟŅĬĬňŘĕŀĚőĸĔȮőħĵ 
ěńħŀńĬħńĭœħƟħńĚĬňŘ 

1. BEAUPREZ, JoeriȮŏĮƦĬįŌƟĮĶŃħŇļģƢŒĬėņĕŀłȮĪňŗĴňĔŅĶĵŊŗĬĕŀŒĬĬŅĴȮINBIOSE NVȮ&Belgium' 
2. COUSSEMENT, PieterȮŏĮƦĬįŌƟĮĶŃħŇļģƢŒĬėņĕŀłȮĪňŗĴňĔŅĶĵŊŗĬĕŀŒĬĬŅĴȮINBIOSE NVȮ&Belgium' 
3. DECOENE, ThomasȮŏĮƦĬįŌƟĮĶŃħŇļģƢŒĬėņĕŀłȮĪňŗĴňĔŅĶĵŊŗĬĕŀŒĬĬŅĴ INBIOSE NVȮ&Belgium' 
4. PETERS, Gert ŏĮƦĬįŌƟĮĶŃħŇļģƢŒĬėņĕŀłȮĪňŗĴňĔŅĶĵŊŗĬĕŀŒĬĬŅĴ INBIOSE NVȮ&Belgium' 
5. VERCAUTEREN, Annelies ŏĮƦĬįŌƟĮĶŃħŇļģƢŒĬėņĕŀłȮĪňŗĴňĔŅĶĵŊŗĬĕŀŒĬĬŅĴ AnneliesȮINBIOSE NVȮ
&Belgium' 

6. VANDEWALLE, KristofȮŏĮƦĬįŌƟĮĶŃħŇļģƢŒĬėņĕŀłȮĪňŗĴňĔŅĶĵŊŗĬĕŀŒĬĬŅĴȮINBIOSE NVȮ&Belgium' 
7. AESAERT, SofieȮŏĮƦĬįŌƟĮĶŃħŇļģƢŒĬėņĕŀłȮĪňŗĴňĔŅĶĵŊŗĬĕŀŒĬĬŅĴȮINBIOSE NV-ȮGhent universityȮ
&Belgium' 

8. Flashman, MichaelȮŏĮƦĬįŌƟĮĶŃħŇļģƢŒĬėņĕŀłȮĪňŗĴňĔŅĶĵŊŗĬĕŀŒĬĬŅĴ Zymergen IncȮ&USA) 
9. Dean, Erik JedediahȮŏĮƦĬįŌƟĮĶŃħŇļģƢŒĬėņĕŀłȮĪňŗĴňĔŅĶĵŊŗĬĕŀŒĬĬŅĴ Zymergen IncȮ&USA) 
10. LANNOO, Nausicaae ŏĮƦĬįŌƟĮĶŃħŇļģƢŒĬėņĕŀłȮĪňŗĴňĔŅĶĵŊŗĬĕŀŒĬĬŅĴ INBIOSE NVȮ&Belgium' 

 
30 ĻŉĔļŅĶŅĵĸŃŏŀňĵħŏıŇŗĴŏĨŇĴœħƟĪňŗȮhttps://www.ugent.be/en/research/explorer/eu-trackrecord/h2020/collaborative-h2020/leit/leit-
nmp-bioroboost.htm (ĽŊĭėƟĬȮĺńĬĪňŗȮ07ȮīńĬĺŅėĴȮ0344). 
31 ĪňŗĴŅȮhttps://research.ugent.be/web/result/project/aca0e2ed-6e1b-11ec-ba90-9b34edaa5384/output/en (ĽŊĭėƟĬȮĺńĬĪňŗȮ 
07ȮīńĬĺŅėĴȮ0344). 
32 ĪňŗĴŅ https://research.ugent.be/web/result/project/a95f31b0-4a15-11ed-b83a-f72ac5e4d00f/details/en (ĽŊĭėƟĬȮĺńĬĪňŗȮ 
07ȮīńĬĺŅėĴȮ0344). 
33 ĪňŗĴŅ https://research.ugent.be/web/result/project/32f8d848-5624-404a-bc4b-57a78f18aa71/details/en (ĽŊĭėƟĬȮĺńĬĪňŗȮ 
07ȮīńĬĺŅėĴȮ0344). 

https://research.ugent.be/web/result/project/aca0e2ed-6e1b-11ec-ba90-9b34edaa5384/output/en
https://research.ugent.be/web/result/project/a95f31b0-4a15-11ed-b83a-f72ac5e4d00f/details/en
https://research.ugent.be/web/result/project/32f8d848-5624-404a-bc4b-57a78f18aa71/details/en
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ěŅĔĕƟŀĴŌĸĕƟŅĚĨƟĬĝňŘŒľƟŏľŖĬĺƞŅĬńĔĺŇěńĵĪňŗĪņĔŅĶıńĥĬŅŏĪėőĬőĸĵňĶŃħńĭŐĬĺľĬƟŅħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ 
/.ȮŀńĬħńĭŐĶĔĕŀĚőĸĔȮĽńĚĔńħľĬƞĺĵĚŅĬŒĬĮĶŃŏĪĻŏĭĸŏĵňŗĵĴȮĳŅĵŒĨƟĔŅĶĵŊŗĬėņĕŀłȮŒĬĬŅĴĕŀĚĭĶŇļńĪȮINBIOSE NVȮ
&ŏĭĸŏĵňĵĴ'ȮŏĮƦĬĽƞĺĬŒľĠƞȮőħĵıĭĺƞŅĭĶŇļńĪȮINBIOSE NV ĴňėĺŅĴĶƞĺĴĴŊŀĔńĭȮGhent universityȮŏıĶŅŃĭĶŇļńĪȮINBIOSE NVȮĴň
ěŋħĔņŏĬŇħĪňŗȮGhent universityȮįŌƟĮĶŃħŇļģƢĭŅĚĪƞŅĬĕŀĚĭĶŇļńĪŏĮƦĬĭŋėĸŅĔĶĪňŗěĭĔŅĶĻŉĔļŅěŅĔ Ghent UniversityȮŐĸŃŏėĵ
ĪņĚŅĬĪňŗȮGhent University ħńĚĪňŗĔĸƞŅĺŐĸƟĺĕƟŅĚĨƟĬ ĶŀĚĸĚĴŅȮėŊŀȮĬńĔĺŇěńĵĽńĚĔńħľĬƞĺĵĚŅĬŒĬĽľĶńģŀŏĴĶŇĔŅȮĳŅĵŒĨƟĔŅĶĵŊŗĬėņ
ĕŀłȮŒĬĬŅĴĕŀĚĭĶŇļńĪȮZymergenȮ 

(4) ĮĶŃŏĪĻĪňŗŏĮƦĬŏĮƚŅľĴŅĵŒĬĔŅĶĵŊŗĬėņĕŀĶńĭĽŇĪīŇĭńĨĶȮ/.ȮŀńĬħńĭŐĶĔȮ&TopȮ/. countries)  
ĔŅĶĻŉĔļŅĕƟŀĴŌĸĽŇĪīŇĭńĨĶŒĬĽƞĺĬĕŀĚĮĶŃŏĪĻĪňŗŏĮƦĬŏĮƚŅľĴŅĵŒĬĔŅĶĵŊŗĬėņĕŀĶńĭĽŇĪīŇĭńĨĶ34Ȯ/.ȮŀńĬħńĭŐĶĔȮ

&RmnȮ/.Ȯamslrpgcq'ȮĽŃĪƟŀĬĳŅıĮĶŃŏĪĻĪňŗĴňĻńĔĵĳŅıĪŅĚĔŅĶĨĸŅħȮ&Markets) ľĶŊŀĻńĔĵĳŅıĔŅĶįĸŇĨȮĪňŗŏĔňŗĵĺĕƟŀĚ
ĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ őħĵĴňĔŅĶěńħĸņħńĭĮĶŃŏĪĻŏĶňĵĚĨŅĴĸņħńĭěŅĔĴŅĔĪňŗĽŋħœĮĵńĚĬƟŀĵĪňŗĽŋħȮħńĚĬňŘ (ĶŌĮĪňŗȮ2-10) 

1. ĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬ 
2. ĽľĶńģŀŏĴĶŇĔŅ 
3. ŐėĬŅħŅ 
4. ŏĔŅľĸň 
5. ĽľĳŅıĵŋőĶĮ 

6. ĠňŗĮŋƙĬ 
7. ĶńĽŏĞňĵ 
8. ŏĵŀĶĴĬň 
9. ŀŇĬŏħňĵ 
10. ŏĴŖĔĞŇőĔ 

 
 

 

 
ĶŌĮĪňŗȮ0+1.8ȮĮĶŃŏĪĻĪňŗŏĮƦĬŏĮƚŅľĴŅĵŒĬĔŅĶĵŊŗĬėņĕŀĶńĭĽŇĪīŇĭńĨĶȮ/.ȮŀńĬħńĭŐĶĔȮ&RmnȮ/.Ȯamslrpgcq' 
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34 ĮĶŃŏĪĻĪňŗŏĮƦĬŏĮƚŅľĴŅĵŒĬĔŅĶĵŊŗĬėņĕŀĶńĭĽŇĪīŇĭńĨĶ őħĵĮĔĨŇįŌƟĕŀĶńĭĽŇĪīŇĭńĨĶěŅĔĪńŗĺőĸĔĨƟŀĚĴňĔŅĶĺŅĚŐįĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇŒĬĮĶŃŏĪĻŏĮƚŅľĴŅĵĪňŗ
ĨƟŀĚĔŅĶěŃŒľƟŏĔŇħĽŇĪīŇĨŅĴĔġľĴŅĵȮŏĬŊŗŀĚěŅĔĽŇĪīŇŒĬĽŇĪīŇĭńĨĶŏĔŇħĕŉŘĬŏĜıŅŃŒĬĮĶŃŏĪĻĪňŗįŌƟĕŀłȮĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇŏĪƞŅĬńŘĬȮĽņľĶńĭĕƟŀĴŌĸȮWO ŏĮƦĬ
ŀńĔļĶĵƞŀĪňŗľĴŅĵĩŉĚĔŅĶĵŊŗĬėņĕŀłȮĽŇĪīŇĭńĨĶĶŃľĺƞŅĚĮĶŃŏĪĻįƞŅĬĶŃĭĭĽĬīŇĽńĠĠŅėĺŅĴĶƞĺĴĴŊŀħƟŅĬĽŇĪīŇĭńĨĶȮ(Patent Cooperation Treaty: PCT)ȮĔƞŀĬįŌƟĕŀłȮ
ěŃĨńħĽŇĬŒěĵŊŗĬėņĕŀłȮŏĕƟŅĶŅĵĮĶŃŏĪĻĪňŗĨƟŀĚĔŅĶėŋƟĴėĶŀĚĽŇĪīŇŒĬĸņħńĭĨƞŀœĮ 
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 ĕƟŀĴŌĸĕƟŅĚĨƟĬĝňŘŒľƟŏľŖĬĺƞŅĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬŏĮƦĬĮĶŃŏĪĻŏĮƚŅľĴŅĵĪňŗĬŅĬŅĮĶŃŏĪĻĶĺĴĪńŘĚėĬŒĬ
ĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĴŅĔĪňŗĽŋħȮŐĸŃĴňĨńĺŏĸĕĪŇŘĚľƞŅĚěŅĔĮĶŃŏĪĻŏĮƚŅľĴŅĵŀŊŗĬȮŕȮ
ėƞŀĬĕƟŅĚĴŅĔȮĶŀĚĸĚĴŅȮėŊŀȮĽľĶńģŀŏĴĶŇĔŅȮőħĵȮŐėĬŅħŅȮŏĔŅľĸňȮŐĸŃȮĽľĳŅıĵŋőĶĮȮŏĮƦĬĮĶŃŏĪĻŏĮƚŅľĴŅĵĪňŗĬŅĬŅ
ĮĶŃŏĪĻĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĶŀĚĸĚĴŅěŅĔȮ0ȮĮĶŃŏĪĻįŌƟĬņħńĚĔĸƞŅĺȮĨŅĴĸņħńĭ 

(5) ŐĬĺőĬƟĴľĶŊŀĕŀĭŏĕĨĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶ &Technology landscape (trends)) 
ĔŅĶĻŉĔļŅĕƟŀĴŌĸĽŇĪīŇĭńĨĶŒĬĽƞĺĬĕŀĚŐĬĺőĬƟĴľĶŊŀĕŀĭŏĕĨĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶ &Technology 

landscape) ŐĽħĚŒĬĶŌĮĪňŗȮ2-31ȮĞŉŗĚěŅĔĔŅĶıŇěŅĶĦŅĳŅıĶĺĴĪňŗĮĶŅĔĢŒĬŐįĬĳŅıĽŇĪīŇĭńĨĶȮ&Themescape) ŐĸŃ
ĶŅĵĸŃŏŀňĵħĕŀĚėņĕŀĽŇĪīŇĭńĨĶȮ&ěŋħĽňħņ'ȮĪňŗıĭŒĬĳŅıħńĚĔĸƞŅĺĮĶŃĔŀĭĔńĬ ıĭĺƞŅėņĕŀĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ
ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĪńŗĺőĸĔĴňėĺŅĴŏĔňŗĵĺĕƟŀĚĔńĭľĸŅĔľĸŅĵĽŅĕŅŏĪėőĬőĸĵňĝňĺĳŅıĪňŗįĬĺĔĔńĭĻŅĽĨĶƢĪŅĚ
ĺŇĻĺĔĶĶĴŐĸŃėŀĴıŇĺŏĨŀĶƢȮħńĚĬňŘ 

¶ ĔŅĶıńĥĬŅŏĞĸĸƢŏěƟŅĭƟŅĬȮ&host cell)ȮőĮĶőĴŏĨŀĶƢȮ&promoter)ȮŏĺĔŏĨŀĶƢȮ&vector) ŏıŊŗŀŏŀŊŘŀĨƞŀĔŅĶ
ıńĥĬŅŏĞĸĸƢŏěƟŅĭƟŅĬȮĶĺĴœĮěĬĩŉĚĔŅĶıńĥĬŅŐıĸĨĲŀĶƢĴȮŏıŊŗŀŏıŇŗĴĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňȮĪńŘĚħƟŅĬ 
ĔŅĶŀŀĔŐĭĭŏĞĸĸƢȮĔŅĶĪņĬŅĵĸņħńĭħňŏŀŖĬŏŀŏıŊŗŀĔŅĶŀŀĔŐĭĭŏĞĸĸƢȮŏıŊŗŀŒľƟœħƟŏĞĸĸƢĪňŗŏľĴŅŃĽĴĨƞŀ 
ĔŅĶĬņœĮįĸŇĨĽŅĶŏĮƚŅľĴŅĵĪňŗĨƟŀĚĔŅĶȮȮȮȮ 

¶ ĔŅĶıńĥĬŅĔŅĶľĴńĔȮ&fermentation) ĪňŗŏľĴŅŃĽĴĔńĭĔŅĶĬņœĮŒĝƟĮĶŃőĵĝĬƢįĸŇĨĽŅĶŏĮƚŅľĴŅĵȮ 

¶ ĔŅĶıńĥĬŅŏėĶŊŗŀĚĴŊŀȮŀŋĮĔĶĦƢĪňŗŏĔňŗĵĺĕƟŀĚȮŏĝƞĬȮgene (or genetic) circuit ŏĮƦĬĨƟĬ 

¶ ĔŅĶıńĥĬŅŏĪėőĬőĸĵňĮƤĠĠŅĮĶŃħŇļģƢŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟĔńĭĚŅĬħƟŅĬĬňŘȮ 

 
ĶŌĮĪňŗȮ0+1/8ȮŐįĬĳŅıĽŇĪīŇĭńĨĶȮ&Rfckcqa_nc'35ȮĪňŗŐĽħĚĕŀĭŏĕĨĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶ 
ĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪńŗĺőĸĔȮěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵģŅĬĕƟŀĴŌĸȮBcpuclrȮGllmt_rgml 
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35 ŐįĬĳŅıĽŇĪīŇĭńĨĶȮ&Themescape) ĪňŗĽĶƟŅĚěŅĔőĮĶŐĔĶĴȮDerwent Innovation ŏĮƦĬŐįĬĳŅıĪňŗŐĽħĚĔŅĶěńħĔĸŋƞĴŐĸŃėĺŅĴŏĝŊŗŀĴőĵĚĕƟŀĴŌĸ
ĔĸŋƞĴėņĕŀĽŇĪīŇĭńĨĶĕĬŅħŒľĠƞŒĬĶŌĮŐĭĭŐįĬĪňŗĳŌĴŇĮĶŃŏĪĻȮ&topographical map) őħĵĪňŗȮěŋħĽňħņȮŐĽħĚėņĕŀĽŇĪīŇĭńĨĶŐĨƞĸŃėņĕŀȮĭĶŇŏĺĦĳŌŏĕŅȮ
ŏĮƦĬĭĶŇŏĺĦĪňŗıĭėņĕŀĽŇĪīŇĭńĨĶľĬŅŐĬƞĬĔĺƞŅĭĶŇŏĺĦŀŊŗĬȮŐĸŃŐĽħĚėņĽņėńĠȮ&keyword) ĪňŗıĭĶƞĺĴĔńĬĕŀĚĕƟŀĴŌĸĽŇĪīŇĭńĨĶŒĬĭĶŇŏĺĦĵŀħȮŐĸŃĭĶŇŏĺĦ
ŒĔĸƟĔńĬŒĬŐįĬĪňŗĴňėĺŅĴŏĝŊŗŀĴőĵĚĔńĬȮĭĶŇŏĺĦŐįƞĬħŇĬĽňŏĕňĵĺȮŐĸŃĬŘņĪŃŏĸȮŏĮƦĬĭĶŇŏĺĦĪňŗıĭėņĕŀĽŇĪīŇĭńĨĶĬƟŀĵĸĚȮĨŅĴĸņħńĭ 
ĪńŘĚĬňŘȮĬŀĔěŅĔėņĽņėńĠŒĬŐįĬĳŅıĽŇĪīŇĭńĨĶŐĸƟĺȮĔŅĶĻŉĔļŅĕƟŀĴŌĸĨƟŀĚıŇěŅĶĦŅěŅĔĶŅĵĸŃŏŀňĵħŒĬėņĕŀĽŇĪīŇĭńĨĶĪňŗĽĬŒěĮĶŃĔŀĭŏıŊŗŀĔŅĶĺŇŏėĶŅŃľƢ
ĕƟŀĴŌĸŒĬŏĝŇĚĸŉĔħƟĺĵ 
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ěŅĔĕƟŀĴŌĸĕƟŅĚĨƟĬĵńĚĝňŘŒľƟŏľŖĬĺƞŅėņĕŀĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴňĔŅĶĭŌĶĦŅĔŅĶĔŅĶĪņĚŅĬĕŀĚ

ĻŅĽĨĶƢŒľĴƞĪňŗŏĬƟĬĔŅĶŒĝƟĔĶŃĭĺĬĔŅĶĪŅĚĺŇĻĺĔĶĶĴŒĬĔŅĶŀŀĔŐĭĭĔŅĶĪņĚŅĬŏıŊŗŀŒľƟœħƟįĸĸńıīƢĪňŗĨĶĚĔńĭŏĮƚŅľĴŅĵ
ĪňŗĨƟŀĚĔŅĶȮĔŅĶĽĶƟŅĚȮgene circuit ĪňŗĞńĭĞƟŀĬĕŉŘĬȮŐĸŃŏĪėőĬőĸĵňĮƤĠĠŅĮĶŃħŇļģƢȮŏıŊŗŀŏĮƦĬŏėĶŊŗŀĚĴŊŀȮ&tool) ŒĬĔŅĶĪņĚŅĬ
ħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮĮĶŃĔŀĭĔńĭĻŅĽĨĶƢħńŘĚŏħŇĴĪňŗŏĮƦĬȮmodern biotechnology and genetic engineering 
ĶƞĺĴħƟĺĵȮŏĝƞĬȮĔŅĶĮĶńĭĮĶŋĚȮ&host) cell ĔŅĶıńĥĬŅȮvector/ promoter ŏıŊŗŀŒĝƟŒĬĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬŏĮƚŅľĴŅĵȮ
&Gene expression) ŐĸŃȮĔĶŃĭĺĬĔŅĶľĴńĔȮ&Fermentation) ŒĬĶŃħńĭĨƞŅĚȮŕȮŏıŊŗŀįĸŇĨĽŅĶŏĮƚŅľĴŅĵĪňŗĨƟŀĚĔŅĶȮőħĵ
ĕŀĭŏĕĨĔŅĶĕŀĩŊŀĽŇĪīŇĪňŗĮĶŅĔĢŒĬĕƟŀĩŊŀĽŇĪīŇėĶŀĭėĸŋĴĪńŘĚĽƞĺĬĕŀĚŏėĶŊŗŀĚĴŊŀȮĔĶŃĭĺĬĔŅĶȮŐĸŃĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıȮ 

ĪńŘĚĬňŘȮĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶħńĚĔĸƞŅĺĔĶŃěŅĵĔŅĶėŋƟĴėĶŀĚŒĬľĸŅĔľĸŅĵĮĶŃŏĪĻȮĞŉŗĚŒĬĽƞĺĬĬňŘ 
œħƟŐĽħĚĨńĺŀĵƞŅĚĔŅĶĕŀĶńĭĔŅĶėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶœĺƟıŀĽńĚŏĕĮȮħńĚĬňŘ 

¶ ėņĕŀĽŇĪīŇĭńĨĶěňĬŏĸĕĪňŗȮCN//01./.27A ŏĶŊŗŀĚȮRecombinant plasmid and genetically 
engineered strain for high-yield production of heme, construction method of recombinant 
plasmid, construction method of genetically engineered strain, and method for high-yield 
production of heme 

¶ ėņĕŀĽŇĪīŇĭńĨĶěňĬŏĸĕĪňŗȮCN/.53.04/2AȮŏĶŊŗŀĚȮScreening and function verification of carotenoid 
cleavage dioxygenase encoding gene participating in synthesis of gardenia jasminoides 
ellis crocin 

¶ ėņĕŀĽŇĪīŇĭńĨĶĽľĶńģŀŏĴĶŇĔŅŏĸĕĪňŗȮUS0./6.0/4/..A/ȮŏĶŊŗŀĚȮMicrobial strain improvement by  
a HTP genomic engineering platform  

¶ ėņĕŀĽŇĪīŇĭńĨĶĽľĶńģŀŏĴĶŇĔŅŏĸĕĪňŗȮUS0./2..66661A/ȮŏĶŊŗŀĚȮMethod and system for knowledge 
pattern search and analysis for selecting microorganisms based on desired metabolic 
property or biological behavior 

¶ ėņĕŀĽŇĪīŇĭńĨĶĽľĶńģŀŏĴĶŇĔŅŏĸĕĪňŗȮUS11810646B2 ŏĶŊŗŀĚȮSynthetic biology tools 

¶ ėņĕŀĽŇĪīŇĭńĨĶŐėĬŅħŅŏĸĕĪňŗȮCA1/57//1A/ȮŏĶŊŗŀĚȮSelection and monitoring methods for 
xenotransplantation  

¶ ėņĕŀĽŇĪīŇĭńĨĶŏĴŖĔĞŇőĔŏĸĕĪňŗȮMX0./2..5742A ŏĶŊŗŀĚȮProcess for producing lipids  

¶ ėņĕŀĽŇĪīŇĭńĨĶıňĞňĪňŏĸĕĪňŗȮWO0.0//4.61.A/ȮŏĶŊŗŀĚȮGlycominimized bacterial host cells  

¶ ėņĕŀĽŇĪīŇĭńĨĶıňĞňĪňŏĸĕĪňŗȮWO2015199614A1 ŏĶŊŗŀĚȮSystems and methods for synthetic biology 
design and  host cell simulation  

(6) ŐĬĺőĬƟĴĕŀĚŀŋĨĽŅľĔĶĶĴŏĮƚŅľĴŅĵĪňŗĬņœĮŒĝƟĮĶŃőĵĝĬƢ 
ěŅĔĕƟŀĴŌĸŐįĬĳŅıĽŇĪīŇĭńĨĶŐĸŃĕƟŀĴŌĸėņĕŀĽŇĪīŇĭńĨĶĪňŗıĭŒĬŐįĬĳŅıĽŇĪīŇĭńĨĶħńĚĔĸƞŅĺĕƟŅĚĨƟĬȮ&ĶŌĮĪňŗȮ2-31'ȮȮ

ĝňŘŒľƟŏľŖĬĺƞŅĚŅĬĪňŗĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĪńŗĺőĸĔŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮĽŅĴŅĶĩĬņœĮĽŌƞĔŅĶŒĝƟĮĶŃőĵĝĬƢ
ėĶŀĭėĸŋĴĪńŘĚŒĬŀŋĨĽŅľĔĶĶĴľĸŅĔľĸŅĵĮĶŃŏĳĪȮĪńŘĚŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮŀŋĨĽŅľĔĶĶĴĔŅĶŐıĪĵƢȮŀŋĨĽŅľĔĶĶĴ
ĔŅĶŏĔļĨĶŐĸŃĽŇŗĚŐĺħĸƟŀĴȮ 
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ĬŀĔěŅĔĬňŘȮįĸĔŅĶėƟĬľŅĕƟŀĴŌĸĵƞŀĵȮ&Sub-search) ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŀŋĨĽŅľĔĶĶĴŏĮƚŅľĴŅĵĪňŗĬņœĮŒĝƟĮĶŃőĵĝĬƢ
ŒĬĽƞĺĬŀŋĨĽŅľĔĶĶĴŏĔļĨĶŐĸŃŀŅľŅĶȮěŅĔĕƟŀĴŌĸĪňŗĮĶŅĔĢŒĬŐįĬĳŅıĽŇĪīŇĭńĨĶŒĬĶŌĮĪňŗȮ2-31ȮıĭĺƞŅŒĬĶŃħńĭĬŅĬŅĝŅĨŇ
ĴňŐĬĺőĬƟĴĔŅĶĮĶŃĵŋĔĨƢŒĝƟĚŅĬŒĬŀŋĨĽŅľĔĶĶĴŀŅľŅĶŐĸŃŀŋĨĽŅľĔĶĶĴŏĔļĨĶėƞŀĬĕƟŅĚĴŅĔȮőħĵŐĬĺőĬƟĴĔŅĶŒĝƟĽŇĪīŇĭńĨĶ
ŒĬĽŅĕŅŀŋĨĽŅľĔĶĶĴŏĔļĨĶȮ&ěŋħĽňŐħĚ'ȮĴňěņĬĺĬĴŅĔĔĺƞŅŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮ&ěŋħĽňŏĕňĵĺ' ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2-32 

 
ĶŌĮĪňŗȮ0+108ȮŐįĬĳŅıĽŇĪīŇĭńĨĶȮ&Rfckcqa_nc'ȮĪňŗŐĽħĚĕŀĭŏĕĨĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭ

ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪńŗĺőĸĔȮŐĸŃŐĬĺőĬƟĴĔŅĶĮĶŃĵŋĔĨƢŒĝƟĔńĭŀŋĨĽŅľĔĶĶĴŏĔļĨĶŐĸŃŀŅľŅĶȮ 
ěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵģŅĬĕƟŀĴŌĸȮBcpuclrȮGllmt_rgml 

ĪňŗĴŅ: ģŅĬĕƟŀĴŌĸ Derwent Innovation 
 

&5'ȮĽĶŋĮĽĩŅĬĳŅıĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ
ĕŀĚőĸĔ 

ŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮ 

¶ ĴňĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴňŐĬĺőĬƟĴĪňŗĝńħŏěĬŐĸŃŏıŇŗĴĕŉŘĬŀĵƞŅĚ
ĨƞŀŏĬŊŗŀĚĨńŘĚŐĨƞĳŅĵľĸńĚĮƖȮė,Ļ,Ȯ0./1ȮŏĮƦĬĨƟĬĴŅ ĞŉŗĚĽńĴıńĬīƢĔńĭĝƞĺĚŏĺĸŅĪňŗŏĶŇŗĴĴňĔŅĶěńħĔŅĶĮĶŃĝŋĴĽńĴĴĬŅ
ĺŇĝŅĔŅĶľĶŊŀĔŅĶĮĶŃĝŋĴŏĝŇĚĮĢŇĭńĨŇĔŅĶŒĬĶŃħńĭĬŅĬŅĝŅĨŇħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏıŇŗĴĕŉŘĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚ
ĨńŘĚŐĨƞĝƞĺĚĮƖȮė,Ļ,Ȯ0./.Ȯ+Ȯ0./1ȮŏĮƦĬĨƟĬĴŅ 

¶ ĪŇĻĪŅĚĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňľĸŅĔľĸŅĵĽŅĕŅȮŏĮƦĬĸńĔļĦŃĔŅĶĭŌĶĦŅĔŅĶ
ĻŅĽĨĶƢħƟŅĬŏĪėőĬőĸĵňĝňĺĳŅıĶƞĺĴĔńĭĻŅĽĨĶƢĪŅĚĺŇĻĺĔĶĶĴŐĸŃėŀĴıŇĺŏĨŀĶƢ  

¶ įŌƟĬņħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮėŊŀȮĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬȮĽľĶńģŀŏĴĶŇĔŅȮŐĸŃĮĶŃŏĪĻ
ŐĩĭĵŋőĶĮȮőħĵıŇěŅĶĦŅœħƟěŅĔľĸŅĵĴŇĨŇȮĪńŘĚĽƞĺĬĕŀĚȮ&/'ȮĕƟŀĴŌĸľĬƞĺĵĚŅĬĪňŗĵŊŗĬėņĕŀłȮĴŅĔĪňŗĽŋħȮ&top 
assignee) ĞŉŗĚŐĽħĚĩŉĚĻńĔĵĳŅıĔŅĶĵŊŗĬėņĕŀłȮĕŀĚĮĶŃŏĪĻĬńŘĬőħĵĨĶĚȮ&0'ȮĕƟŀĴŌĸĮĶŃŏĪĻȮ&top country) 
ĪňŗŏĮƦĬĮĶŃŏĪĻŏĮƚŅľĴŅĵȮ&ŀŅěŏĮƦĬĨĸŅħľĶŊŀŐľĸƞĚįĸŇĨ'ȮĪňŗĪŋĔĮĶŃŏĪĻěŃŏĕƟŅœĮĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚłȮ
ĪŅĚħƟŅĬĬňŘĴŅĔȮŐĸŃȮ&1'ȮĝŊŗŀįŌƟĮĶŃħŇļģƢȮ&inventor) ľĶŊŀĬńĔĺŇěńĵĪňŗŏĮƦĬįŌƟĬņĪŅĚħƟŅĬĬňŘȮŐĽħĚĩŉĚėĺŅĴĨŊŗĬĨńĺ
ĕŀĚįŌƟĮĶŃħŇļģƢŐĸŃŏěƟŅĕŀĚĽŇĪīŇŒĬŐĩĭĮĶŃŏĪĻħńĚĔĸƞŅĺȮĪňŗĨƟŀĚĔŅĶěŃėŋƟĴėĶŀĚ-ĮĔĮƚŀĚĽŇĪīŇŒĬĔŅĶĮĶŃħŇļģƢ



76 

ĪňŗıńĥĬŅĕŉŘĬŏıŊŗŀĔŅĶŒĝƟĮĶŃőĵĝĬƢŒĬŀĬŅėĨȮőħĵŏĸŖĚŏľŖĬĮĶŃŏĪĻŏĮƚŅľĴŅĵĪňŗŀŅěŏĮƦĬĨĸŅħŐĸŃ-ľĶŊŀ 
ŐľĸƞĚįĸŇĨĪňŗĴňĻńĔĵĳŅıĪňŗĨƟŀĚĔŅĶĭńĚėńĭŒĝƟĽŇĪīŇŒĬĽŇĪīŇĭńĨĶĪŅĚħƟŅĬĬňŘŀĵƞŅĚĝńħŏěĬ ĞŉŗĚŏĮƦĬįĸŀńĬŏĬŊŗŀĚĴŅěŅĔ
ĮĶŃŏĪĻįŌƟĬņħńĚĔĸƞŅĺĴňĔĸœĔĔŅĶĽĬńĭĽĬŋĬŒĬŏĶŊŗŀĚĬňŘŀĵƞŅĚŏĮƦĬĶŌĮīĶĶĴȮĨńŘĚŐĨƞĔŅĶĴňĴľŅĺŇĪĵŅĸńĵ- 
ľĬƞĺĵĚŅĬĺŇěńĵĝńŘĬĬņŒĬĔŅĶıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮ 
ĔŅĶĽĶƟŅĚŏėĶŊŀĕƞŅĵĔŅĶĺŇěńĵȮĔŅĶĴňőėĶĚĽĶƟŅĚıŊŘĬģŅĬŐĸŃĬőĵĭŅĵĮĶŃŏĪĻĶŀĚĶńĭȮŀňĔĪńŘĚĵńĚĴňĔĸœĔĽĬńĭĽĬŋĬ
ĔŅĶĬņĚŅĬĺŇěńĵœĮŒĝƟĮĶŃőĵĝĬƢȮħńĚŐĽħĚŒĬĨńĺŀĵƞŅĚĔĶĦňĻŉĔļŅľĬƞĺĵĚŅĬĶŃħńĭŐĬĺľĬƟŅŒĬĔŅĶĵŊŗĬĕŀĶńĭ
ėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĶŃħńĭĬŅĬŅĝŅĨŇĕƟŅĚĨƟĬ 

¶ ŐĬĺőĬƟĴĕŀĚŀŋĨĽŅľĔĶĶĴŏĮƚŅľĴŅĵĪňŗĬņœĮŒĝƟĮĶŃőĵĝĬƢ ėĶŀĭėĸŋĴĪńŘĚȮŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮŀŋĨĽŅľĔĶĶĴ
ĔŅĶŐıĪĵƢȮŀŋĨĽŅľĔĶĶĴĔŅĶŏĔļĨĶŐĸŃĽŇŗĚŐĺħĸƟŀĴ 

¶ ľĬƞĺĵĚŅĬĪňŗĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇȮĴňĪńŘĚĽĩŅĭńĬĔŅĶĻŉĔļŅ-ĺŇěńĵȮŐĸŃĳŅėŏŀĔĝĬ 

ĮĶŃŏĪĻœĪĵȮ 
ȮȮȮȮȮȮȮȮȮ œĴƞıĭĕƟŀĴŌĸėĬœĪĵĵŊŗĬėņĕŀĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪňŗŏĬƟĬĔŅĶŒĝƟĻŅĽĨĶƢŒľĴƞŒĬĽƞĺĬ
ĔĶŃĭĺĬĔŅĶĪŅĚĺŇĻĺĔĶĶĴŒĬĔŅĶŀŀĔŐĭĭĔŅĶĪņĚŅĬħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĶŃħńĭ
ĬŅĬŅĝŅĨŇȮŐĨƞĵńĚėĚĴňėĺŅĴěņŏĮƦĬĪňŗĨƟŀĚĪņĔŅĶĽŊĭėƟĬĔŅĶĵŊŗĬėņĕŀĽŇĪīŇĭńĨĶŒĬģŅĬĕƟŀĴŌĸĕŀĚĮĶŃŏĪĻœĪĵĨƞŀŏĬŊŗŀĚ 

0,2,0ȮĽĩŅĬĳŅıĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅȮȮ
ĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻœĪĵ 
 ěŅĔĪňŗĔĸƞŅĺŒĬľńĺĕƟŀȮ0,2,/ȮŏĬŊŗŀĚěŅĔœĴƞıĭĕƟŀĴŌĸėĬœĪĵĵŊŗĬėņĕŀĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪňŗŏĬƟĬ
ĔŅĶŒĝƟĻŅĽĨĶƢŒľĴƞŒĬĽƞĺĬĔĶŃĭĺĬĔŅĶĪŅĚĺŇĻĺĔĶĶĴŒĬĔŅĶŀŀĔŐĭĭĔŅĶĪņĚŅĬħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬģŅĬĕƟŀĴŌĸ
ĽŇĪīŇĭńĨĶĶŃħńĭĬŅĬŅĝŅĨŇȮŒĬľńĺĕƟŀĬňŘěŉĚŐĽħĚĩŉĚįĸĔŅĶĽŊĭėƟĬĔŅĶĵŊŗĬėņĕŀĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĕƟŀĚŀŊŗĬȮŕȮĪňŗıĭŒĬģŅĬĕƟŀĴŌĸ
ĕŀĚĮĶŃŏĪĻœĪĵȮŏĬŊŗŀĚěŅĔėĬœĪĵĴńĔĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶŒĬĮĶŃŏĪĻœĪĵŏĮƦĬŀńĬħńĭŐĶĔĔƞŀĬĪňŗěŃœĮĵŊŗĬ 
ėņĕŀłȮŒĬĮĶŃŏĪĻŏĮƚŅľĴŅĵŀŊŗĬĨƞŀœĮ ħńĚĬňŘ 

(1) ȮįĸĔŅĶĽŊĭėƟĬĕƟŀĴŌĸėņĕŀĶńĭĽŇĪīŇĭńĨĶěŅĔģŅĬĕƟŀĴŌĸĔĶĴĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅĮĶŃŏĪĻœĪĵ 
 ěŅĔĔŅĶĻŉĔļŅĕƟŀĴŌĸĽŇĪīŇĭńĨĶħƟĺĵĔŅĶĽŊĭėƟĬŒĬģŅĬĕƟŀĴŌĸĔĶĴĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅȮĔĶŃĪĶĺĚıŅĦŇĝĵƢȮ 

ħƟĺĵĔŅĶŒĝƟėņĽņėńĠĝŋħĪňŗȮ8 ĪňŗĮĶŃĔŀĭħƟĺĵȮŴqwlrfcrgaȮ`gmjmew*Ȯ`gmqwlrfcrga*Ȯ`gmqwlrfcqgq*ȮĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ,  
ĝňĺĽńĚŏėĶŅŃľƢ, ĵňĽĨƢĸŌĔįĽĴ, ĸŌĔįĽĴ*ȮıŇĴıƢŒěȮŒěŏĵŖĬ, ĺňĶĺńĥĬƢȮĶńĚĔŋıńĬīŋƢŵȮŒĬĔŅĶĽŊĭėƟĬȮıĭįĸĔŅĶĽŊĭėƟĬėņĕŀĶńĭ
ĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬĮĶŃŏĪĻœĪĵėƞŀĬĕƟŅĚĬƟŀĵȮħƟĺĵĕƟŀěņĔńħĕŀĚŏėĶŊŗŀĚĴŊŀĔŅĶŐĽħĚįĸĕŀĚ
ģŅĬĕƟŀĴŌĸĮĶŃŏĪĻœĪĵěŉĚœĴƞĽŅĴŅĶĩŐĽħĚěņĬĺĬĬńĭĕŀĚėņĕŀłȮœħƟŏĝƞĬŏħňĵĺĔńĭĔŅĶĽŊĭėƟĬŒĬģŅĬĕƟŀĴŌĸŏĝŇĚĔŅĶėƟŅ 
ŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮŐĸŃœĴƞĽŅĴŅĶĩĬņĕƟŀĴŌĸħńĚĔĸƞŅĺœĮŐĽħĚŏĮƦĬĳŅıŐĬĺőĬƟĴĔŅĶĵŊŗĬėņĕŀȮįŌƟĵŊŗĬėņĕŀłȮŐĸŃįŌƟĮĶŃħŇļģƢȮ
10ȮŀńĬħńĭŐĶĔœħƟȮŏĝƞĬŏħňĵĺĔńĭįĸĔŅĶĽŊĭėƟĬģŅĬĕƟŀĴŌĸĬŅĬŅĝŅĨŇ ŀĵƞŅĚœĶĔŖħňȮĔŅĶŒĝƟĝŋħėņĽņėńĠŒĬĔŅĶĽŊĭėƟĬħńĚĔĸƞŅĺ
ıĭĕƟŀĴŌĸȮ2 ĔĸŋƞĴȮėŊŀȮĔĸŋƞĴėņĕŀłȮĪňŗĕŀĩŊŀĽŇĪīŇőħĵĔĸŋƞĴľĬƞĺĵĚŅĬŒĬĮĶŃŏĪĻœĪĵŐĸŃĔĸŋƞĴľĬƞĺĵĚŅĬĨƞŅĚĮĶŃŏĪĻȮ 
ħńĚĨńĺŀĵƞŅĚȮħńĚĬňŘ 

¶ ĔĸŋƞĴľĬƞĺĵĚŅĬŒĬĮĶŃŏĪĻœĪĵȮ 
- ėņĕŀŏĸĕĪňŗȮ0../..016/ȮŏĶŊŗŀĚȮŏĞĸĸƢĵňĽĨƢĸŌĔįĽĴȮSaccharomyces cerevisiae BMGC 117, 

BMGC 12/, BMGC 120, BMGC 121ȮŐĸŃȮBMGC 122ȮĽņľĶńĭĔŅĶįĸŇĨœŀőĞĭŇĺĪŅĬŀĸěŅĔ
ĬŘņĨŅĸœĞőĸĽľĶŊŀĝňĺĴĺĸĪňŗĴňĬŘņĨŅĸœĞőĸĽȮŏĮƦĬľĬŉŗĚŒĬŀĚėƢĮĶŃĔŀĭľĸńĔȮĕŀĚȮĽņĬńĔĚŅĬıńĥĬŅ
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ĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŐľƞĚĝŅĨŇ,ȮĽņĬńĔĚŅĬėĦŃĔĶĶĴĔŅĶĽƞĚŏĽĶŇĴĺŇĪĵŅĻŅĽĨĶƢȮĺŇěńĵŐĸŃ
ĬĺńĨĔĶĶĴȮľĶŊŀėņĕŀŀŊŗĬȮŕȮĕŀĚĽņĬńĔĚŅĬıńĥĬŅĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŐľƞĚĝŅĨŇȮŏĝƞĬȮŏĸĕĪňŗȮ
/2./..//43ȮŏĶŊŗŀĚȮŀĬŋıńĬīƢŏŀŖĬ+ŐĬĲĪŇĸ+ŏŀŖĬőŀ+ĞńėĞŇĬŇĸœėőĨĞŅĬȮŐĸŃĔĶĶĴĺŇīňĔŅĶĽńĚŏėĶŅŃľƢĽŅĶ
ħńĚĔĸƞŅĺȮ&N-naphthyl-N,O-succinyl chitosan and synthetic method thereof) ľĶŊŀėņĕŀ
ŏĸĕĪňŗȮ1603002634 ŏĶŊŗŀĚȮĔĶŃĭĺĬĔŅĶĽĶƟŅĚĶŃĭĭėĶňĽŏĮŀĶƢ+ħňŐėĽœĬĬƢĽņľĶńĭŒĝƟŒĬĔŅĶĮĶńĭĶŃħńĭ
ĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬŏĮƚŅľĴŅĵŒĬŏĞĸĸƢŏěƟŅĭƟŅĬěŋĸŇĬĪĶňĵƢ 

- ėņĕŀŏĸĕĪňŗȮ/7./..171.ȮŏĶŊŗŀĚȮĺŇīňĔŅĶĽĶƟŅĚŏĴŖħŏĸŊŀħŐħĚőħĵĔŅĶŏĮĸňŗĵĬŐĮĸĚĔĶŃĭĺĬĔŅĶ 
őŀ+ĔĸŋėŐĬĔĞŇĸŏĸĝńŗĬȮ&O-GlcNAcylation) ŒĬĺŇĩňŏŁĔőĞĞŅĴňĬĽńĚŏėĶŅŃľƢőĴŏĸĔŋĸĝňĺĳŅıȮ
&Hexosamine Biosynthetic Pathway)ȮĕŀĚȮĴľŅĺŇĪĵŅĸńĵĴľŇħĸ 

- ėņĕŀŏĸĕĪňŗȮ0../..0634ȮŏĶŊŗŀĚȮĺŇīňĔŅĶĔĶŃĨŋƟĬĔŅĶĽĶƟŅĚŏĔĸŖħŏĸŊŀħőħĵĔŅĶĵńĭĵńŘĚĔĶŃĭĺĬĔŅĶ 
őŀ+ĔĸŋėŐĬĔĞŇĸŏĸĝńŗĬȮ&O-GlcNAcylation) ŒĬĺŇĩňĽńĚŏėĶŅŃľƢőĴŏĸĔŋĸĝňĺĳŅıȮ&Hexosamine 
Biosynthetic Pathway)ȮĕŀĚȮĴľŅĺŇĪĵŅĸńĵĴľŇħĸȮŐĸŃĽņĬńĔĚŅĬėĦŃĔĶĶĴĔŅĶĽƞĚŏĽĶŇĴĺŇĪĵŅĻŅĽĨĶƢȮ
ĺŇěńĵŐĸŃĬĺńĨĔĶĶĴ 

- ėņĕŀŏĸĕĪňŗȮ/2./..262/ȮŏĶŊŗŀĚȮĔĶŃĭĺĬĔŅĶĮĶńĭĮĶŋĚĽŅĵıńĬīŋƢĽŅľĶƞŅĵŏıŊŗŀĔŅĶįĸŇĨĬŘņĴńĬħƟĺĵĔŅĶ
ĩƞŅĵĵňĬĽńĚŏėĶŅŃľƢȮ&Synthetic gene)ȮĕŀĚ ĽĩŅĭńĬĺŇěńĵĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŐľƞĚĮĶŃŏĪĻœĪĵ 

- ėņĕŀŏĸĕĪňŗȮ/5./..4016ȮŏĶŊŗŀĚȮĨńĺŏĶƞĚĮĢŇĔŇĶŇĵŅĝňĺĳŅıőĮĶĨŇŏŀĽĪĬĶƟŀĬĪňŗœħƟěŅĔħňŏŀŖĬŏŀĸŌĔįĽĴȮ
ŐĸŃŏĸĕĪňŗȮ/7./...747ȮŏĶŊŗŀĚȮĨńĺŏĶƞĚĮĢŇĔŇĶŇĵŅĝňĺĳŅıŏėĶŅĨŇŏĬĽĪĬĶƟŀĬĪňŗœħƟěŅĔħňŏŀŖĬŏŀĸŌĔįĽĴȮ
ĕŀĚ ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňıĶŃěŀĴŏĔĸƟŅīĬĭŋĶň 

- ėņĕŀŏĸĕĪňŗȮ/6./..3/21ȮŏĶŊŗŀĚȮŀĬŋıńĬīƢȮ4+ĴŅŏĸŀŇĴŇőħȮŏŁĔĞŃőĬŀŇėŐŀĞŇħĔĶŅĲĪƢœėőĨĞŅĬȮĽņľĶńĭ
ŏĮƦĬıŀĸŇŏĴŀĶƢĵŉħĨŇħŏĵŊŗŀŏĴŊŀĔȮŐĸŃĔĶĶĴĺŇīňĔŅĶĽńĚŏėĶŅŃľƢĽŅĶħńĚĔĸƞŅĺȮ&4+Maleimidohexanoic 
acid grafted chitosan as mucoadhesive polymer and synthetic method thereof)ȮĕŀĚ 
ĽņĬńĔĚŅĬĮĸńħĔĶŃĪĶĺĚĔŅĶŀŋħĴĻŉĔļŅȮĺŇĪĵŅĻŅĽĨĶƢȮĺŇěńĵŐĸŃĬĺńĨĔĶĶĴ, ĽņĬńĔĚŅĬėĦŃĔĶĶĴĔŅĶ
ĽƞĚŏĽĶŇĴĺŇĪĵŅĻŅĽĨĶƢȮĺŇěńĵȮŐĸŃĬĺńĨĔĶĶĴ,ȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ 

- ėņĕŀŏĸĕĪňŗȮ/3.1../523ȮŏĶŊŗŀĚȮĔĶĶĴĺŇīňĔŅĶĽńĚŏėĶŅŃľƢĵňĬĕĬŅħŏĸŖĔŒĬĕńŘĬĨŀĬŏħňĵĺȮĕŀĚ 
ĴľŅĺŇĪĵŅĸńĵĬŏĶĻĺĶ 

- ėņĕŀŏĸĕĪňŗȮ/5.1../7/4ȮŏĶŊŗŀĚȮıŀĸŇŏĮĮœĪħƢœľĴįŉŘĚħńħŐĮĸĚĽńĚŏėĶŅŃľƢŐĸŃĔĶĶĴĺŇīňĔŅĶįĸŇĨȮĕŀĚ 
ĽņĬńĔĚŅĬėĦŃĔĶĶĴĔŅĶĺŇěńĵŐľƞĚĝŅĨŇ 

- ėņĕŀŏĸĕĪňŗȮ/3./..4.34ȮŏĶŊŗŀĚȮĶňėŀĴĭŇŐĬĬĨƢŐĭėĪňŏĶňĵĭŅĞŇĸĸńĽȮĞńĭĪňĸŇĽȮĽŅĵıńĬīŋƢȮ/46ȮĽņľĶńĭ
ĨĶĺěĺńħĶŌĮŐĭĭėĺŅĴŏĮƦĬıŇļěŅĔĽŅĶĨńĺŀĵƞŅĚĪňŗŏľĬňŗĵĺĬņŒľƟŏĔŇħĔŅĶĪņĸŅĵħňŏŀŖĬŏŀȮĔŅĶĪņĸŅĵ
őĮĶĨňĬȮŐĸŃĳŅĺŃŏėĶňĵħŀŀĔĞŇŏħĝńĬȮĕŀĚȮĭĶŇļńĪȮĮĨĪ,ȮěņĔńħȮ&ĴľŅĝĬ' 

- ėņĕŀŏĸĕĪňŗȮ/7./..51/6ȮŏĶŊŗŀĚȮĝŋħĵňĬĽņľĶńĭĔŅĶįĸŇĨĽŅĶŐĲĨĨňŘŐŀĸĔŀŁŀĸƢŐĸŃŏĞĸĸƢħńħŐĮĸĚ 
ĪňŗĴňĝŋħĵňĬĬńŘĬȮĕŀĚȮĽĩŅĭńĬĺŇĪĵĽŇĶŇŏĴīňȮ&VISTEC) 

¶ ĔĸŋƞĴľĬƞĺĵĚŅĬŒĬĨƞŅĚĮĶŃŏĪĻȮ 
- ėņĕŀŏĸĕĪňŗȮ.2./..1525ȮŏĶŊŗŀĚȮĵňĬĪňŗŏĕƟŅĶľńĽŏŀŖĬœĞĴƢĽņľĶńĭŏĶƞĚĮĢŇĔŇĶŇĵŅĝňĺĽńĚŏėĶŅŃľƢĕŀĚĸŇĔĬŇĬ
ŐĸŃĔŅĶŒĝƟĕŀĚĽŇŗĚĬńŘĬȮĕŀĚ Suntory Holding Ltd. 
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- ėņĕŀŏĸĕĪňŗȮ71./...6/7ȮŏĶŊŗŀĚȮŀĬŋıńĬīƢĕŀĚŀŀėĪŃœŁőħĶŐĬĲīŅĸňĬȮŀŀĔĞňĴĽņľĶńĭĔŅĶĵńĭĵńŘĚ 
ĝňĺĽńĚŏėĶŅŃľƢĕŀĚėŀŏĸĽŏĨŀĶŀĸĔŅĶŏĨĶňĵĴŐĸŃĔŅĶŒĝƟĮĶŃőĵĝĬƢĕŀĚŀĬŋıńĬīƢŏľĸƞŅĬňŘȮĕŀĚ ĞńĬŏĔňĵĺ 

- ėņĕŀŏĸĕĪňŗȮ//./..067.ȮŏĶŊŗŀĚȮĔŅĶěńħĔŅĶĔŅĶĽńĚŏėĶŅŃľƢĪŅĚĝňĺĳŅıĕŀĚĲĶŋėŐĪĬȮ&fructan 
biosynthesis) ŐĸŃȮĔŅĶŏıŇŗĴĝňĺĴĺĸěŅĔıŊĝȮ&plant biomass)ȮĕŀĚ ŐŀĔĶŇėńĸŏĪŀĶƢȮĺŇėĨŀŏĶňĵȮ
ŏĞŀĶƢĺŇĽȮıňĪňĺŅĵȮŐŀĸĪňħň, 

- ėņĕŀŏĸĕĪňŗȮ/0./..1525ȮŏĶŊŗŀĚȮĽŇŗĚĪňŗœħƟěŅĔĔŅĶĽĶƟŅĚĔĶħĬŇĺėĸňŀŇĔĪňŗĮĶŃĔŀĭħƟĺĵĔĸŋƞĴĵňĬĝňĺĽńĚŏėĶŅŃľƢ
œıĶŇœıőĶıňĬŐĸŃĵňĬŏėĶŊŗŀĚľĴŅĵȮ&Nucleic Acid Construct Comprising Pyripyropene 
Biosynthetic Gene Cluster And Marker Gene) ĕŀĚ MMAG Co. Ltd. 

- ėņĕŀŏĸĕĪňŗȮ.4./..2104ȮȮŏĶŊŗŀĚȮĔĸŋƞĴĵňĬĪňŗŏĔňŗĵĺıńĬŒĬĝňĺĽńĚŏėĶŅŃľƢĕŀĚœŀőĞŏıĬĪňĬŇĸœħĲŀĽŏĲĨ 
ŒĬĺŇĩňĬŀĬ+ŏĴĺŅőĸŏĬĨĕŀĚȮHEVEA BRASILIENSISȮĕŀĚ ĭĶŇħěƢĽőĨĬȮėŀĶƢĮŀŏĶĝńŗĬ,ȮĭŅŐħƞĬȮ 
ŏĮĚĔŅŏěňĵĬȮŐħĬȮıňŏĬŀĶŅĮƤĬȮŏĪėőĬőĸěň 

- ėņĕŀŏĸĕĪňŗȮ/0./..3530ȮŏĶŊŗŀĚȮěŋĸĝňıŐĸŃĺŇīňĔŅĶĽņľĶńĭĝňĺĽńĚŏėĶŅŃľƢĕŀĚĭŇĺĪŅœħŀňĬȮ&butadiene)Ȯ
ĕŀĚ ěňőĬĴŅĨŇĔŅȮŀŇĚėƢ 

- ėņĕŀŏĸĕĪňŗȮ/1./..4/5.ȮŏĶŊŗŀĚȮőıĸňĬŇĺėĸňőŀœĪħƢĪňŗŏĕƟŅĶľńĽŏŀĬœĞĴƢěŅĔĺŇĩňĝňĺĽńĚŏėĶŅŃľƢĸŇĔĬŇĬ 
ŒĬıŊĝĮŀĔĶŃŏěŅȮĕŀĚ ĭńĚĔĸŅŏĪĻȮěŌĪȮĶňŏĽĶŇĝȮŀŇĬĽĨŇĨŇĺĪƢ 

- ėņĕŀŏĸĕĪňŗȮ/3./..047/ȮŏĶŊŗŀĚȮėĸńĽŏĨŀĶƢĵňĬĽņľĶńĭĝňĺĽńĚŏėĶŅŃľƢĕŀĚėŀĶƢŏĬŖĔĞŇĽĨŇĬȮŐĸŃœŁħĶŀĔ 
ĞňėŀĶƢŏĬŖĔĞŇĽĨŇĬȮĕŀĚ BASF SE 

- ėņĕŀŏĸĕĪňŗȮ/3./..277.ȮŏĶŊŗŀĚȮŐĲėŏĨŀĶƢĔŅĶĩŀħĶľńĽĪňŗėĺĭėŋĴĝňĺĽńĚŏėĶŅŃľƢĬŇőėĨŇĬŒĬĵŅĽŌĭȮĕŀĚ 
North Carolina State U. 

&0'ȮĽĶŋĮĽĩŅĬĳŅıĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ
ĕŀĚĮĶŃŏĪĻœĪĵěŅĔĔŅĶĽŊĭėƟĬģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶȮĔĶĴĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅȮĮĶŃŏĪĻœĪĵ 

¶ ıĭĕƟŀĴŌĸĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢėƞŀĬĕƟŅĚĬƟŀĵŒĬģŅĬĕƟŀĴŌĸĔĶĴĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅ
ĮĶŃŏĪĻœĪĵȮěŉĚœĴƞĽŅĴŅĶĩĬņŏĽĬŀĕƟŀĴŌĸŐĬĺőĬƟĴĽŇĪīŇĭńĨĶŒĬŐĚƞĴŋĴĨƞŅĚȮŕȮœħƟŏĝƞĬŏħňĵĺĔńĭĔŅĶĽŊĭėƟĬěŅĔ
ģŅĬĕƟŀĴŌĸĬŅĬŅĝŅĨŇ 

¶ ıĭĔĸŋƞĴľĬƞĺĵĚŅĬĵŊŗĬĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇȮ0ȮĔĸŋƞĴȮėŊŀȮľĬƞĺĵĚŅĬŒĬĮĶŃŏĪĻœĪĵŐĸŃľĬƞĺĵĚŅĬ
ĨƞŅĚĮĶŃŏĪĻȮőħĵįŌƟĵŊŗĬėņĕŀěŅĔĨƞŅĚĮĶŃŏĪĻĵńĚĴňĮĶŇĴŅĦĬƟŀĵȮĪńŘĚĬňŘȮŀŅěŏĮƦĬŏıĶŅŃĮĶŃŏĪĻœĪĵ 
œĴƞŒĝƞĮĶŃŏĪĻŏĮƚŅľĴŅĵĽņľĶńĭĔŅĶĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚŏĪėőĬőĸĵňħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬĶŃĵŃĬňŘ 

¶ ľĬƞĺĵĚŅĬĕŀĚĮĶŃŏĪĻœĪĵĴňŐĬĺőĬƟĴĵŊŗĬėņĕŀĽŇĪīŇĭńĨĶŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňģŅĬħƟŅĬȮmodern 
biotechnology-Ȯgenetic engineeringȮŏĝƞĬȮĔŅĶĽĶƟŅĚĶňėŀĴĭŇŐĬĬĪƢȮŏĮƦĬľĸńĔȮŐĸŃȮgene editingȮ
ĭŅĚĽƞĺĬȮŐĨƞĵńĚœĴƞıĭėņĕŀłȮĪňŗĴŋƞĚĔŅĶŒĝƟĻŅĽĨĶƢŒľĴƞŒĬĽƞĺĬĔĶŃĭĺĬĔŅĶĪŅĚĺŇĻĺĔĶĶĴŒĬĔŅĶŀŀĔŐĭĭ
ĔŅĶĪņĚŅĬħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢőħĵĨĶĚŏĝƞĬŏħňĵĺĔńĭĕƟŀĴŌĸĪňŗıĭŒĬģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĶŃħńĭĬŅĬŅĝŅĨŇ 

¶ ľĬƞĺĵĚŅĬĕŀĚĮĶŃŏĪĻœĪĵĴňŐĬĺőĬƟĴĔŅĶĵŊŗĬėņĕŀłȮĽņľĶńĭŀŋĨĽŅľĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňĝňĺĳŅı 
ŏĮƦĬľĸńĔ 

Á ľĬƞĺĵĚŅĬĪňŗĕŀĶńĭėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇĕŀĚĮĶŃŏĪĻœĪĵȮėŊŀȮĽĩŅĭńĬĔŅĶĻŉĔļŅ-ĺŇěńĵȮŏĮƦĬľĸńĔ őħĵ 
ĴňĸńĔļĦŃĔĶŃěŅĵŒĬľĸŅĵľĬƞĺĵĚŅĬ 



79 

0,2,1ȮĭĪĺŇŏėĶŅŃľƢĶŃħńĭėĺŅĴıĶƟŀĴĕŀĚŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĝŇĚŏĮĶňĵĭŏĪňĵĭĕŀĚĮĶŃŏĪĻœĪĵ
ĔńĭĬŅĬŅĝŅĨŇ 

 ěŅĔĕƟŀĴŌĸŒĬľńĺĕƟŀĪňŗȮ0,2,/ȮŐĸŃȮ0,2,0ȮĬņĴŅĽŌƞĔŅĶĺŇŏėĶŅŃľƢėĺŅĴıĶƟŀĴĕŀĚŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ
ŏĝŇĚŏĮĶňĵĭŏĪňĵĭĕŀĚœĪĵĔńĭĬŅĬŅĝŅĨŇěŅĔĔŅĶıŇěŅĶĦŅŒĬĴŋĴĴŀĚĕƟŀĴŌĸĽŇĪīŇĭńĨĶȮħńĚĨŅĶŅĚĪňŗȮ0-7 

ĨŅĶŅĚĪňŗȮ2-5: ĨŅĶŅĚŏĮĶňĵĭŏĪňĵĭĶŃħńĭėĺŅĴıĶƟŀĴĕŀĚŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĝŇĚŏĮĶňĵĭŏĪňĵĭĕŀĚĮĶŃŏĪĻœĪĵ
ŏĪňĵĭĔńĭĬŅĬŅĝŅĨŇěŅĔĔŅĶıŇěŅĶĦŅŒĬĴŋĴĴŀĚĕƟŀĴŌĸĽŇĪīŇĭńĨĶ 

ľńĺĕƟŀ ĨƞŅĚĮĶŃŏĪĻ ĮĶŃŏĪĻœĪĵ 

/'ȮŀńĨĶŅĔŅĶŏĨŇĭőĨĕŀĚ 
ĔŅĶĵŊŗĬėņĕŀĶńĭĽŇĪīŇĭńĨĶ 

ĔŅĶĵŊŗĬėņĕŀĶńĭĽŇĪīŇĭńĨĶĪńŗĺőĸĔĴňŐĬĺőĬƟĴ
ŏıŇŗĴĕŉŘĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮőħĵĮĶŇĴŅĦĔŅĶĵŊŗĬ 
ėņĕŀĽŇĪīŇĭńĨĶĮƖȮė,Ļ,Ȯ0./1ȮĴňěņĬĺĬȮ2.Ȯ
DWPI Patent family ŐĸŃŏıŇŗĴŏĮƦĬěņĬĺĬȮ
06.ȮDWPI Patent family ŒĬĮƖȮė,Ļ,Ȯ0.01Ȯ
ŀńĨĶŅĔŅĶŏĨŇĭőĨėŇħŏĮƦĬȮ4..ȮŏĮŀĶƢŏĞŖĬĨƢ 

ĕƟŀĴŌĸœĴƞŏıňĵĚıŀĪňŗěŃĺŇŏėĶŅŃľƢœħƟȮ  

2)ȮŐĬĺőĬƟĴĕŀĭŏĕĨ 
ĔŅĶĕŀĶńĭĔŅĶėŋƟĴėĶŀĚł 

ŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňľĸŅĔľĸŅĵĽŅĕŅȮ
őħĵĔŅĶĭŌĶĦŅĔŅĶĻŅĽĨĶƢħƟŅĬ
ŏĪėőĬőĸĵňĝňĺĳŅıĶƞĺĴĔńĭĻŅĽĨĶƢĪŅĚ
ĺŇĻĺĔĶĶĴŐĸŃėŀĴıŇĺŏĨŀĶƢȮŀŅĪŇ 

¶ ĔŅĶıńĥĬŅŏĞĸĸƢŏěƟŅĭƟŅĬȮőĮĶőĴŏĨŀĶƢȮ
ŏĺĔŏĨŀĶƢŏıŊŗŀŏŀŊŘŀĨƞŀĔŅĶıńĥĬŅŏĞĸĸƢ 
ŏěƟŅĭƟŅĬȮĶĺĴœĮěĬĩŉĚĔŅĶıńĥĬŅ
ŐıĸĨĲŀĶƢĴȮŏıŊŗŀŏıŇŗĴĔŅĶĮĶŃĵŋĔĨƢŒĝƟ
ŏĪėőĬőĸĵňȮĪńŘĚħƟŅĬĔŅĶŀŀĔŐĭĭŏĞĸĸƢȮ 
ĔŅĶĪņĬŅĵĸņħńĭħňŏŀŖĬŏŀŏıŊŗŀĔŅĶ
ŀŀĔŐĭĭŏĞĸĸƢȮŏıŊŗŀŒľƟŏľĴŅŃĽĴĔńĭ 
ĔŅĶĬņœĮįĸŇĨĽŅĶŏĮƚŅľĴŅĵĪňŗĨƟŀĚĔŅĶȮȮȮȮ 

¶ ĔŅĶıńĥĬŅĔŅĶľĴńĔȮ&fermentation'Ȯ 
ĪňŗŏľĴŅŃĽĴĔńĭĔŅĶĬņœĮŒĝƟĮĶŃőĵĝĬƢ 
įĸŇĨĽŅĶŏĮƚŅľĴŅĵȮ 

¶ ĔŅĶıńĥĬŅȮŏėĶŊŗŀĚĴŊŀȮŀŋĮĔĶĦƢĪňŗŏĔňŗĵĺĕƟŀĚȮ 

¶ ĔŅĶıńĥĬŅŏĪėőĬőĸĵňĮƤĠĠŅĮĶŃħŇļģƢ 
ŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟĔńĭĚŅĬħƟŅĬĬňŘ  

¶ ŏĔňŗĵĺĕƟŀĚĔńĭȮModern 
biotechnology/ Genetic 
engineering ŐĭĭħńŘĚŏħŇĴȮ
őħĵŏĜıŅŃĔŅĶĽĶƟŅĚĶňėŀĴĭŇŐĬĬĪƢ
ŏĞĸĸƢȮĔŅĶĮĶńĭĮĶŋĚıńĬīŋĔĶĶĴ  
ŏĮƦĬľĸńĔȮŐĸŃȮgene editing 
ĭŅĚĽƞĺĬȮ 

¶ ĵńĚœĴƞĴňėņĕŀłȮĪňŗĴŋƞĚŒĝƟĻŅĽĨĶƢŒľĴƞ 
ŒĬĽƞĺĬĔĶŃĭĺĬĔŅĶĪŅĚĺŇĻĺĔĶĶĴ 
ŒĬĔŅĶŀŀĔŐĭĭĔŅĶĪņĚŅĬħƟŅĬ
ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢőħĵĨĶĚȮĪńŘĚ 
ĔŅĶĵŊŗĬėņĕŀłȮŒĬĮĶŃŏĪĻœĪĵŐĸŃ
ĨƞŅĚĮĶŃŏĪĻ 
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ľńĺĕƟŀ ĨƞŅĚĮĶŃŏĪĻ ĮĶŃŏĪĻœĪĵ 

3) ŐĬĺőĬƟĴĕŀĚ
ŀŋĨĽŅľĔĶĶĴŏĮƚŅľĴŅĵ
ĪňŗĬņœĮŒĝƟĮĶŃőĵĝĬƢ 

ĴŋƞĚŏĬƟĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟĔńĭŀŋĨĽŅľĔĶĶĴ
ėĶŀĭėĸŋĴĪńŘĚŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮ
ŀŋĨĽŅľĔĶĶĴĔŅĶŐıĪĵƢȮŀŋĨĽŅľĔĶĶĴ
ĔŅĶŏĔļĨĶŐĸŃĽŇŗĚŐĺħĸƟŀĴ 

ĴŋƞĚŏĬƟĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟĔńĭŀŋĨĽŅľĔĶĶĴ
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňĝňĺĳŅı 

2'ȮľĬƞĺĵĚŅĬĪňŗĕŀĶńĭ
ėĺŅĴėŋƟĴėĶŀĚĽŇĪīŇł 

ĪńŘĚĳŅėĔŅĶĻŉĔļŅ-ĺŇěńĵȮŐĸŃŏŀĔĝĬȮőħĵ
ĮĶŃŏĪĻįŌƟĬņĪŅĚħƟŅĬĬňŘȮœħƟŐĔƞȮĽŅīŅĶĦĶńģ
ĮĶŃĝŅĝĬěňĬȮĽľĶńģŀŏĴĶŇĔŅȮŐĸŃĮĶŃŏĪĻ
ŐĩĭĵŋőĶĮȮ 

ĳŅėĔŅĶĻŉĔļŅ-ĺŇěńĵȮŏĮƦĬľĸńĔȮőħĵ
ĔĶŃěŅĵŒĬľĸŅĵľĬƞĺĵĚŅĬ 
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0,5ȮėĺŅĴıĶƟŀĴĕŀĚőėĶĚĽĶƟŅĚıŊŘĬģŅĬħƟŅĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ
ŏĝŇĚŏĮĶňĵĭŏĪňĵĭĔńĭĬŅĬŅĝŅĨŇ 

ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴıĶƟŀĴĪŅĚőėĶĚĽĶƟŅĚıŊŘĬģŅĬŏıŊŗŀĔŅĶĺŇěńĵŐĸŃıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢȮőħĵĔŅĶĽņĶĺěŐĸŃĽńĴĳŅļĦƢĬńĔĺŇěńĵŒĬĽĩŅĭńĬĔŅĶĻŉĔļŅ-ĽĩŅĭńĬĺŇěńĵȮıĭĺƞŅıŊŘĬģŅĬĚŅĬȮsynthetic 
biology ŏĮƦĬĔŅĶħņŏĬŇĬĚŅĬħƟŅĬȮmolecular biology ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮĴňĔŅĶŒĝƟŏĪėĬŇėȮgenetic 
engineering ȮŐĨƞėĺŅĴŐĨĔĨƞŅĚŒĬĔŅĶħņŏĬŇĬĔŅĶȮsynthetic biologyȮěŅĔĔŅĶĻŉĔļŅȮbiotechnology ŐĬĺŏħŇĴȮėŊŀȮ
ĴňĔŅĶŒĝƟŏĪėőĬőĸĵňģŅĬŒľĴƞȮŕȮĭŌĶĦŅĔŅĶĶƞĺĴĔńĭŀĚėƢėĺŅĴĶŌƟĪŅĚĝňĺĺŇĪĵŅȮŏıŊŗŀĝƞĺĵŒľƟĔŅĶĪņĺŇĻĺĔĶĶĴĽŇŗĚĴňĝňĺŇĨĚƞŅĵĕŉŘĬȮ
ŏĶŖĺĕŉŘĬȮŐĴƞĬĵņĕŉŘĬȮŏĝƞĬȮCRISPR-Cas ĝƞĺĵŒľƟŐĔƟœĕħňŏŀŖĬŏŀœħƟŐĴƞĬĵņĕŉŘĬȮGene synthesis ĝƞĺĵŒľƟĽńĚŏėĶŅŃľƢħňŏŀŖĬŏŀ
œħƟŏĶŖĺĕŉŘĬ ĔŅĶĴňȮtoolsȮĪňŗĝƞĺĵŒľƟĽŅĴŅĶĩėĺĭėŋĴĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬœħƟŐĴƞĬĵņĴŅĔĕŉŘĬȮĸħėĺŅĴįŇħıĸŅħŒĬĔŅĶ
ĽĶƟŅĚıĸŅĽĴŇħȮĔŅĶĽĶƟŅĚőĴŏħĸĽņľĶńĭĪņȮsystemsȮbiology ŏıŊŗŀĝƞĺĵŒľƟĪņĬŅĵľĬƟŅĪňŗĵňĬœħƟŀĵƞŅĚŐĴƞĬĵņĕŉŘĬȮŏĮƦĬĨƟĬȮ
ħńĚĬńŘĬȮőėĶĚĽĶƟŅĚıŊŘĬģŅĬĪňŗŏĔňŗĵĺĕƟŀĚȮŐĸŃŏėĶŊŗŀĚĴŊŀŏıŊŗŀĔŅĶĺŇěńĵĪňŗĴňŀĵŌƞĨŅĴĽĩŅĭńĬĨƞŅĚ ŕȮĽŅĴŅĶĩŒĝƟŏĮƦĬŏėĶŊŗŀĚĴŊŀŏıŊŗŀ
ĔŅĶĺŇěńĵŐĸŃıńĥĬŅŏĪėőĬőĸĵňĬňŘœħƟȮőħĵĽĩŅĬĳŅıőėĶĚĽĶƟŅĚıŊŘĬģŅĬȮŏėĶŊŗŀĚĴŊŀ-ŀŋĮĔĶĦƢĪňŗĽŅĴŅĶĩŒĝƟœħƟȮĨĸŀħěĬ
ľĬƞĺĵĚŅĬĪňŗĴňėĺŅĴıĶƟŀĴľĶŊŀĴňŏėĶŊŗŀĚĴŊŀĪňŗŏĔňŗĵĺĕƟŀĚȮĴňħńĚĬňŘ 

ĨŅĶŅĚĪňŗȮ2-6: őėĶĚĽĶƟŅĚıŊŘĬģŅĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻœĪĵľĶŊŀĪňŗĮĶŃŏĪĻœĪĵĽŅĴŅĶĩŏĕƟŅĩŉĚœħƟ 

ĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵŐĸŃıńĥĬŅ ľĬƞĺĵĚŅĬĪňŗĴňėĺŅĴıĶƟŀĴ-ŏėĶŊŗŀĚĴŊŀĪňŗŏĔňŗĵĺĕƟŀĚ 
ĔŅĶŀŀĔŐĭĭ 
ėńħŏĸŊŀĔěŋĸŇĬĪĶňĵƢĨńŘĚĨƟĬěŅĔ 
ėĸńĚŏĝŊŘŀěŋĸŇĬĪĶňĵƢ 

¶ ĻŌĬĵƢĝňĺĺńĽħŋĮĶŃŏĪĻœĪĵȮ&R@PA'ȮĻŌĬĵƢıńĬīŋĺŇĻĺĔĶĶĴŐĸŃŏĪėőĬőĸĵňĝňĺĳŅı
ŐľƞĚĝŅĨŇȮ&œĭőŀŏĪė'ȮĽņĬńĔĚŅĬıńĥĬŅĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŐľƞĚĝŅĨŇ 

¶ ĻŌĬĵƢěŋĸŇĬĪĶňĵƢȮĽĩŅĭńĬĺŇěńĵĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŐľƞĚĮĶŃŏĪĻœĪĵ 
ėĸńĚĵňĬ-ȮRcknj_rcȮnj_qkgb ¶ ?bbeclc 
őĮĶŐĔĶĴŐĸŃŐľĸƞĚĕƟŀĴŌĸŏıŊŗŀ 
ĔŅĶŀŀĔŐĭĭěŋĸŇĬĪĶňĵƢ 

¶ ģŅĬĕƟŀĴŌĸĽŅīŅĶĦŃȮŏĝƞĬȮLA@G 

¶ Mncl+qmspacȮqmdru_pcȮmljglcȮŏĝƞĬȮ_jnf_+dmjb 
ĔŅĶĽĶƟŅĚěŋĸŇĬĪĶňĵƢĨŅĴĪňŗŀŀĔŐĭĭ 
ĔŅĶĽńĚŏėĶŅŃľƢħňŏŀŖĬŏŀȮȮȮȮȮȮ
&MjgemlsajcmrgbcȮqwlrfcqgq*Ȯ
BL?Ȯqwlrfcqgq'Ȯ 

¶ ĭĶŇļńĪŒľƟĭĶŇĔŅĶĽńĚŏėĶŅŃľƢœıĶŏĴŀĶƢȮŏĝƞĬȮGBR*ȮK_apmeclȮįƞŅĬ 
ĭĶŇļńĪĨńĺŐĪĬěņľĬƞŅĵŒĬĮĶŃŏĪĻœĪĵȮ 

¶ ĭĶŇļńĪŒľƟĭĶŇĔŅĶĽńĚŏėĶŅŃľƢĵňĬȮŏĝƞĬȮEclQapgnr 
ĔŅĶĩƞŅĵıĸŅĽĴŇħŏĕƟŅŏĞĸĸƢŏěƟŅĭƟŅĬ
ľĶŊŀĔŅĶŐĪĶĔĽŀħĵňĬėŀĬĽĨĶńĔ
ŏĕƟŅĽŌƞŏĞĸĸƢȮĨĸŀħěĬĔŅĶėńħŏĸŊŀĔ
ŏĞĸĸƢȮħƟĺĵȮFgefȮRfpmsefnsrȮ
_srmk_rgmlȮqwqrck 

¶ ĽĩŅĭńĬĺŇĪĵĽŇĶŇŏĴīňȮ&TGQRCA'*ȮœĭőŀŏĪėȮ&@GMRCA'Ȯ 
+ Fgef+rfpmsefnsrȮjgosgbȮf_lbjgleȮnj_rdmpk8Ȯnj_rcȮf_lbcpȮ
pm`mrgaȮ_pk*Ȯkgapmnj_rcȮpc_bgleȮ_qq_wq*ȮamjmlwȮngaicpȮ
ĽņľĶńĭėńħŏĸŊŀĔŏĞĸĸƢĪňŗĴňĔŇěĔĶĶĴĕŀĚŏŀĬœĞĴƢŏĮƚŅľĴŅĵȮėńħŏĸŊŀĔ
őėőĸĬň-ŏĞĸĸƢĪňŗœħƟĶńĭĔŅĶĩƞŅĵĵňĬȮėńħŏĸŊŀĔŏĞĸĸƢĪňŗįĸŇĨĽŅĶŏĮƚŅľĴŅĵ 

ĔŅĶĨĶĺěĺŇŏėĶŅŃľƢĸŜŅħńĭ 
ĬŇĺėĸňőŀœĪħƢȮ&Nj_qkgbȮ

¶ ĻŌĬĵƢőŀĴŇĔĽƢŐľƞĚĝŅĨŇȮ&LMA'ȮĽņĬńĔĚŅĬıńĥĬŅĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵň
ŐľƞĚĝŅĨŇ 
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ĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵŐĸŃıńĥĬŅ ľĬƞĺĵĚŅĬĪňŗĴňėĺŅĴıĶƟŀĴ-ŏėĶŊŗŀĚĴŊŀĪňŗŏĔňŗĵĺĕƟŀĚ 
qcosclagle*ȮUfmjcȮeclmkcȮ
qcosclagle'Ȯ 

¶ ĭĶŇļńĪŒľƟĭĶŇĔŅĶĺŇŏėĶŅŃľƢĸŜŅħńĭĬŇĺėĸňőŀœĪħƢȮȮŏĝƞĬȮU_pbȮKcbgaȮ
ĮĶŃŏĪĻĴŅŏĸŏĞňĵ*ȮĭĶŇļńĪȮ@EGȮ&@cghgleȮEclmkgaqȮGlqrgrsrc'Ȯ
ĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬ 

ĔŅĶĺŇŏėĶŅŃľƢĪħĽŀĭȮĻŉĔļŅėŋĦĽĴĭńĨŇȮŏĶňĵĬĶŌƟ-ĪņĬŅĵĔŅĶŀŀĔŐĭĭŐĸŃĮĶńĭĮĶŋĚŒľƟĴňėŋĦĽĴĭńĨŇĨŅĴĨƟŀĚĔŅĶ 
ĔŅĶĺŇŏėĶŅŃľƢĪħĽŀĭ ¶ ĻŌĬĵƢŏėĶŊŗŀĚĴŊŀĺŇĪĵŅĻŅĽĨĶƢȮĕŀĚŐĨƞĸŃĴľŅĺŇĪĵŅĸńĵ 

+ FNJA*ȮEA+DGB*ȮEA+KQ*ȮJA+KQ 
+ cra, 

¶ ĻŌĬĵƢĭĶŇĔŅĶĺŇŏėĶŅŃľƢȮĪħĽŀĭȮLQRB?ȮAf_p_arcpgx_rgmlȮ_lbȮRcqrgleȮ
QcptgacȮAclrcpȮ&LARA'Ȯ 

¶ ĻŌĬĵƢőŀĴŇĔĽƢŐľƞĚĝŅĨŇȮ&LMA' 
+ ĔŅĶĺŇŏėĶŅŃľƢȮEclmkga*ȮRp_lqapgnrmkgaq*ȮNpmrcmkgaq*Ȯ
Kcr_`mjmkgaq 

ĔŅĶŒĝƟȮ@gmgldmpk_rgaq*Ȯ
K_afglcȮJc_plgleȮĺŇŏėĶŅŃľƢ
ŐĸŃĪņĬŅĵĵňĬȮĮĢŇĽńĴıńĬīƢ
ĶŃľĺƞŅĚĵňĬȮőĮĶĨňĬȮŐĸŃěŋĸŇĬĪĶňĵƢȮ
ŏıŊŗŀĔŅĶĮĶńĭĮĶŋĚ-ŐĔƟœĕŒľƟĴň
ėŋĦĽĴĭńĨŇĨŅĴĨƟŀĚĔŅĶ 

¶ MljglcȮ_jempgrfk 

¶ LQRB?ȮQsncpamknsrcpȮAclrcpȮmpȮRf_gQA 

ĔŅĶįĸŇĨŒĬĶŃħńĭĕĵŅĵĕĬŅħ 
ĔŅĶľŅĽĳŅĺŃĪňŗŏľĴŅĽĴŒĬĔŅĶ
ŏıŅŃŏĸňŘĵĚĶŃħńĭĕĵŅĵĕĬŅħ 

¶ œĭőŀŏĪė 
+ Fgef+rfpmsefnsrȮkgapm+qa_jcȮ`gmnpmacqqȮmnrgkgx_rgmlȮ
ěņĸŀĚĩńĚľĴńĔȮ0.ȮĸŇĨĶȮĸĚŒĬŏıĸĨȮ0ȮĴŇĸĸŇĸŇĨĶȮŒĝƟėńħĔĶŀĚĽĳŅĺŃ
ĔŅĶľĴńĔĪňŗŏľĴŅŃĽĴĔƞŀĬĔŅĶĕĵŅĵĕĬŅħŒĬĩńĚľĴńĔĕĬŅħȮ0.ȮĸŇĨĶȮȮ 

ĔŅĶŏıŅŃŏĸňŘĵĚĶŃħńĭĕĵŅĵĕĬŅħ ¶ ľƟŀĚĮĢŇĭńĨŇĔŅĶŒĬĽĩŅĭńĬĺŇěńĵ-ĴľŅĺŇĪĵŅĸńĵ 
+ ĩńĚĮĢŇĔĶĦƢĝňĺĳŅıĕĬŅħȮ3Ȯ+Ȯ/.ȮĸŇĨĶ 

¶ őĶĚĚŅĬĨƟĬŐĭĭĵŅĝňĺĺńĨĩŋŐľƞĚĝŅĨŇȮĦȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵň 
ıĶŃěŀĴŏĔĸƟŅīĭŋĶňȮ 
+ ĩńĚĮĢŇĔĶĦƢĝňĺĳŅıĕĬŅħȮ3+0*...ȮĸŇĨĶ 

¶ őĶĚĚŅĬĨƟĬŐĭĭŏıŊŗŀĔŅĶįĸŇĨěŋĸŇĬĪĶňĵƢȮĦȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵň 
ıĶŃěŀĴŏĔĸƟŅīĭŋĶňȮ 
+ ĩńĚĮĢŇĔĶĦƢĝňĺĳŅıĕĬŅħȮ3Ȯ+Ȯ/*3..ȮĸŇĨĶ 
+ ĩńĚľĴńĔŐĭĭľĴŋĬŐĬĺĬŀĬĕĬŅȮ0..Ȯ+Ȯ3*...ȮĸŇĨĶȮ 

¶ őĶĚĚŅĬĨƟĬŐĭĭĝňĺĔĶŃĭĺĬĔŅĶœĭőŀŏĪėȮ&@GMRCAȮ@gmnpmacqqgleȮ
D_agjgrw'ȮľĶŊŀȮ@@D 
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ĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵŐĸŃıńĥĬŅ ľĬƞĺĵĚŅĬĪňŗĴňėĺŅĴıĶƟŀĴ-ŏėĶŊŗŀĚĴŊŀĪňŗŏĔňŗĵĺĕƟŀĚ 
+ ĩńĚĮĢŇĔĶĦƢĝňĺĳŅıĕĬŅħȮ1..ȮĸŇĨĶ 

¶ őĶĚĚŅĬĨƟĬŐĭĭœĭőŀĶňœĲŏĬŀĶňȮ&CCAgȮ@gmpcƱclpwȮNgjmrȮNj_l'ȮĦȮŏĴŊŀĚ
ĬĺńĨĔĶĶĴĝňĺĳŅı 
+ ĩńĚĮĢŇĔĶĦƢĝňĺĳŅıĕĬŅħȮ3*...ȮĸŇĨĶȮ/3*...ȮĸŇĨĶ 

  
ěŅĔĕƟŀĴŌĸĕƟŅĚĨƟĬĴňĕƟŀĽńĚŏĔĨĺƞŅŏĪėőĬőĸĵňĪňŗĽņėńĠŐĸŃĴňĽƞĺĬĝƞĺĵĕńĭŏėĸŊŗŀĬĔŅĶħņŏĬŇĬĚŅĬħƟŅĬȮsynthetic 

biology œħƟŐĔƞȮgene synthesis technology ŐĸŃȮsequencing technology ĞŉŗĚŏĪėőĬőĸĵňıŊŘĬģŅĬħńĚĔĸƞŅĺĬňŘȮ
œĴƞœħƟħņŏĬŇĬĔŅĶŏŀĚŒĬĮĶŃŏĪĻľĶŊŀĴňĔŅĶħņŏĬŇĬĔŅĶŒĬĮĶŃŏĪĻœĴƞĴŅĔĬńĔȮĞŉŗĚŀŋĮĽĶĶėĕŀĚĔŅĶħņŏĬŇĬĚŅĬėŊŀ 
ėĺŅĴĸƞŅĝƟŅŒĬĔŅĶĽńŗĚĽńĚŏėĶŅŃľƢœıĶŏĴŀĶƢȮĔŅĶĽńŗĚŏėĶŅŃľƢĵňĬȮĨĸŀħěĬĔŅĶĽƞĚĨńĺŀĵƞŅĚĺŇŏėĶŅŃľƢĸņħńĭŏĭĽȮĮĶŃŏĪĻœĪĵ
ŒĝƟŏĺĸŅĬŅĬ 7 - 30ȮĺńĬȮĕĦŃĪňŗĔŅĶħņŏĬŇĬĚŅĬħńĚĔĸƞŅĺŒĬĨƞŅĚĮĶŃŏĪĻŒĝƟŏĺĸŅŏıňĵĚȮ/Ȯ+Ȯ1ȮĺńĬȮĪņŒľƟĔŅĶĺŇěńĵŐĸŃ
ıńĥĬŅŒĬĮĶŃŏĪĻŏĮƦĬœĮŀĵƞŅĚĝƟŅȮŕȮŐĸŃĴňĶŅėŅŐıĚȮŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵŒĬĨƞŅĚĮĶŃŏĪĻȮĽƞĚįĸĨƞŀ 
ĺńĢěńĔĶ (cycle) ĕŀĚĔŅĶĺŇěńĵŐĸŃıńĥĬŅȮĔŅĶĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟŐĸŃĔŅĶįĸŇĨįĸĚŅĬŏĝŇĚĮĶŃěńĔļƢ 

ĬŀĔěŅĔĬňŘȮŒĬĨƞŅĚĮĶŃŏĪĻĴňĔŅĶĽĶƟŅĚȮBiofoundry36 ŏĮƦĬŐľĸƞĚĶĺĴĽŇŗĚŀņĬĺĵėĺŅĴĽŃħĺĔĽņľĶńĭĔŅĶĺŇěńĵ
ŐĸŃıńĥĬŅĝňĺĺŇĪĵŅĶŃħńĭőĴŏĸĔŋĸŐĭĭĭŌĶĦŅĔŅĶȮħƟĺĵőėĶĚĽĶƟŅĚıŊŘĬģŅĬħƟŅĬĶŃĭĭŀńĨőĬĴńĨŇȮŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢȮ
ĞŀĲĨƢŐĺĶƢȮĭŋėĸŅĔĶȮĶĺĴĩŉĚĶŃĭĭĔŅĶěńħĔŅĶĕƟŀĴŌĸĪňŗěņŏĮƦĬĽņľĶńĭĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀȮŏıŊŗŀĔŅĶŀŀĔŐĭĭȮĽĶƟŅĚȮŐĸŃĪħĽŀĭ
ĝŇŘĬĽƞĺĬȮŀĚėƢĮĶŃĔŀĭĪŅĚĝňĺĳŅıȮľĶŊŀĪħĽŀĭėŋĦĽĴĭńĨŇĕŀĚĽŇŗĚĴňĝňĺŇĨĪňŗĽĶƟŅĚĕŉŘĬĮĶŇĴŅĦĴŅĔŀĵƞŅĚĶĺħŏĶŖĺ 
ŒĬĶŃĵŃŏĺĸŅĽńŘĬȮĪńŘĚĵńĚĽŅĴŅĶĩĪņĞŘņĺĚěĶľĶŊŀĔĶŃĭĺĬĔŅĶĪŅĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢœħƟŀĵƞŅĚĶĺħŏĶŖĺŒĬĶŃħńĭȮ 
high-throughput ĝƞĺĵŏĶƞĚėĺŅĴŏĶŖĺŒĬĔŅĶĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟȮĔŅĶĺŇěńĵıńĥĬŅŐĸŃĺŇĻĺĔĶĶĴĶŃĭĭĝňĺĳŅıŒľĴƞȮŕȮŏıŇŗĴ
ıŊŘĬĪňŗĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸŐĸŃŀŀĔŐĭĭĔŅĶĪħĸŀĚŏıŊŗŀŐĔƟĮƤĠľŅĪŅĚĺŇĪĵŅĻŅĽĨĶƢŐĸŃĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢ 
ŒĬŀŋĨĽŅľĔĶĶĴȮħńĚĬńŘĬ ľŅĔĴňėĺŅĴĨƟŀĚĔŅĶěŅĔĔŅĶĺŇěńĵŒĬĽĩŅĭńĬĺŇěńĵĕŀĚĶńģ/ĴľŅĺŇĪĵŅĸńĵ/ĳŅėŏŀĔĝĬŏıňĵĚıŀȮ
ĔŅĶĽĶƟŅĚŒľƟĴňȮnational biofoundry- central facility ŒľƟĭĶŇĔŅĶĔŅĶĺŇĻĺĔĶĶĴěŋĸŇĬĪĶňĵƢľĶŊŀŀĚėƢĮĶŃĔŀĭĪŅĚ
ĝňĺĳŅıȮĶŀĚĶńĭĚŅĬĺŇěńĵľĶŊŀėĺŅĴĨƟŀĚĔŅĶĪňŗľĸŅĔľĸŅĵȮĴňĶŃĭĭĭĶŇľŅĶěńħĔŅĶ ĔŅĶĶńĔļŅėĺŅĴĸńĭŐĸŃĔĶĶĴĽŇĪīŇśĕƟŀĴŌĸȮ
ěŃĝƞĺĵįĸńĔħńĬĚŅĬħƟŅĬȮsynthetic biology ĕŀĚĮĶŃŏĪĻȮŏıŇŗĴėĺŅĴĽŅĴŅĶĩŒĬĔŅĶıńĥĬŅīŋĶĔŇěĪňŗĴňėĺŅĴĨƟŀĚĔŅĶ
ŒĝƟŏĪėőĬőĸĵňŒľĴƞȮŕȮŏĮƕħőŀĔŅĽŒľƟĔĸŋƞĴĭĶŇļńĪĽĨŅĶƢĪŀńıȮŏĕƟŅĩŉĚŏĪėőĬőĸĵňŒĬĔŅĶıńĥĬŅŏĝŊŘŀȮőħĵœĴƞĨƟŀĚĸĚĪŋĬĽĶƟŅĚ
ŐıĸĨĲŀĶƢĴĨńŘĚŐĨƞŏĶŇŗĴĨƟĬȮ 

ěŅĔĔŅĶĽņĶĺěőėĶĚĽĶƟŅĚıŊŘĬģŅĬĔŅĶĺŇěńĵŒĬĽĩŅĭńĬĔŅĶĻŉĔļŅ-ĽĩŅĭńĬĺŇěńĵȮıĭĺƞŅĮĶŃŏĪĻĴňőėĶĚĽĶƟŅĚıŊŘĬģŅĬ
ħƟŅĬĶŃĭĭŀńĨőĬĴńĨŇĨńŘĚŀĵŌƞĪňŗœĭőŀŏĪėŐĸŃĽĩŅĭńĬĺŇĪĵĽŇĶŇŏĴīňȮħńĚĶŌĮĪňŗȮ2-33 ĞŉŗĚŏĮƦĬőėĶĚĽĶƟŅĚıŊŘĬģŅĬĪňŗĽņėńĠĨƞŀĔŅĶ
ıńĥĬŅĕňħėĺŅĴĽŅĴŅĶĩĕŀĚĮĶŃŏĪĻœĪĵŒĬĔŅĶėƟĬľŅŐĸŃıńĥĬŅĪĶńıĵŅĔĶěŋĸŇĬĪĶňĵƢĪňŗĴňŀĵŌƞŀĵƞŅĚľĸŅĔľĸŅĵŏıŊŗŀįĸŇĨ
ĽŅĶĝňĺŏėĴňĳńĦĤƢĴŌĸėƞŅĽŌĚŐĭĭȮhigh-throughputȮĝƞĺĵŏıŇŗĴőŀĔŅĽĮĶŃĽĭėĺŅĴĽņŏĶŖěŒĬĔŅĶıńĥĬŅěŋĸŇĬĪĶňĵƢŐĸŃ 
ĽŅĶįĸŇĨĳńĦĤƢěŅĔěŋĸŇĬĪĶňĵƢŏĮƚŅľĴŅĵŒĬĶŃĵŃŏĺĸŅŀńĬĶĺħŏĶŖĺȮĽŅĴŅĶĩĪħĽŀĭĨńĺŀĵƞŅĚœħƟıĶƟŀĴĔńĬŒĬĮĶŇĴŅĦĴŅĔȮ
ĮĶŃľĵńħŏĺĸŅȮŐĸŃĝƞĺĵĸħėƞŅŒĝƟěƞŅĵŒĬĔŅĶĪņĺŇěńĵȮĬŀĔěŅĔĬňŘĶŃĭĭĔŅĶėƟĬľŅŐĸŃıńĥĬŅĪĶńıĵŅĔĶěŋĸŇĬĪĶňĵƢŐĭĭȮ
high-throughput ħńĚĔĸƞŅĺĵńĚŏĮƦĬěŋħŏĝŊŗŀĴĨƞŀĔńĭĔŅĶőėĶĚĽĶƟŅĚıŊŘĬģŅĬĪŅĚħƟŅĬĝňĺĔĶŃĭĺĬĔŅĶĕŀĚȮĽĺĪĝ,ȮŐĸŃ 

 
36 Maciej B,ȮHolowko, Emma K,ȮFrow, Janet C,ȮReid, Michelle Rourke and Claudia E,ȮVickers. Building a biofoundry. 
Synthetic Biology, 2020, 6&1'8Ȯysaa026. doi: 10.1093/synbio/ysaa026 
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őĶĚĚŅĬĨƟĬŐĭĭœĭőŀĶňœĲŏĬŀĶňȮ&EECi Biorefienry Pilot Plan) ŀńĬěŃĬņœĮĽŌƞĔŅĶĨƞŀĵŀħŒĝƟĮĶŃőĵĝĬƢĪĶńıĵŅĔĶěŋĸŇĬĪĶňĵƢ
œĮĽŌƞĶŃħńĭŀŋĨĽŅľĔĶĶĴœħƟŀĵƞŅĚėĶĭĺĚěĶ 
 

 

ĶŌĮĪňŗȮ0+118ȮŀĚėƢĮĶŃĔŀĭȮFgef+rfpmsefnsrȮqwqrckȮĕŀĚœĭőŀŏĪė 
 

?+AȮŀĚėƢĮĶŃĔŀĭȮFgef+rfpmsefnsrȮqwqrckȮĕŀĚœĭőŀŏĪėȮĽŅĴŅĶĩŏĸŊŀĔŒĝƟĚŅĬœħƟȮ2ȮőĮĶőĨėŀĸȮœħƟŐĔƞȮȮ 
/'ȮĔŅĶėńħĔĶŀĚŏŀĬœĞĴƢȮ0'ȮĔŅĶıńĥĬŅĽŌĨĶįĽĴŏŀĬœĞĴƢȮ1'ȮĔŅĶėńħĔĶŀĚőėĸĬěŅĔŏĴĨŅěňőĬĴŇĔĽƢȮŐĸŃȮ2'ȮĔŅĶĺŇĻĺĔĶĶĴ
ĶŃħńĭěňőĬĴȮ&őĮĶőĨėŀĸĪňŗȮ2ȮŀĵŌƞĶŃľĺƞŅĚĶŀȮqcrȮsn'Ȯ 

B,ȮFgef+rfpmsefnsrȮkgapm+qa_jcȮ`gmnpmacqqȮmnrgkgx_rgmlȮŒĝƟėńħĔĶŀĚĽĳŅĺŃĔŅĶľĴńĔĪňŗŏľĴŅŃĽĴ
ĔƞŀĬĔŅĶĕĵŅĵĕĬŅħŒĬĩńĚľĴńĔ 

 

 

 

 

 

 

 

 

 

ĶŌĮĪňŗȮ0+128ȮFgef+rfpmsefnsrȮqwqrckȮĕŀĚĽĩŅĭńĬĺŇĪĵĽŇĶŇŏĴīň 
Ȯ 

A. High-throughput liquid handling 
platform 

B. Plate hander, robotic 
arm 

 

C. Colony picker 

D. Robolector 
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ĕƟŀŏĽĬŀŐĬŃŐĬĺĪŅĚĔŅĶŏĨĶňĵĴėĺŅĴıĶƟŀĴĪŅĚőėĶĚĽĶƟŅĚıŊŘĬģŅĬ 

¶ ŒĬĔĶĦňĪňŗœĴƞĴňĚĭĮĶŃĴŅĦĸĚĪŋĬőėĶĚĽĶƟŅĚıŊŘĬģŅĬĕĬŅħŒľĠƞŀŅěŏĶŇŗĴěŅĔĻŉĔļŅĽĩŅĬĳŅıħƟŅĬĨƟĬĪŋĬȮ
ĶŃĵŃŏĺĸŅȮŐĸŃŀńĨĶŅėĺŅĴĸƟĴŏľĸĺȮ&failure rate) ĕŀĚĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵŒĬĮƤěěŋĭńĬȮıńĥĬŅĔĶŃĭĺĬĔŅĶ
ĭĶŇľŅĶěńħĔŅĶĕƟŀĴŌĸ ŏıŊŗŀŒľƟœħƟĺŇīňĔŅĶ-ŏĽƟĬĪŅĚĪňŗŒĝƟŏĺĸŅĬƟŀĵĪňŗĽŋħŒĬĔŅĶĺŇĻĺĔĶĶĴŀĚėƢĮĶŃĔŀĭĪŅĚ
ĝňĺĳŅıœħƟŀĵƞŅĚĶĺħŏĶŖĺȮıńĥĬŅĔĸœĔĔŅĶŏĕƟŅĩŉĚŏėĶŊŗŀĚĴŊŀĕŀĚľĬƞĺĵĚŅĬĪňŗĴňėĺŅĴıĶƟŀĴȮŏĝƞĬȮįĸńĔħńĬ
ľĬƞĺĵĚŅĬĪňŗĴňŏėĶŊŗŀĚĴŊŀŒľƟŏĮƕħŏĮƦĬĚŅĬĭĶŇĔŅĶĺŇĝŅĔŅĶȮőħĵĴňĔŅĶěńħĪņĽńĠĠŅĶńĔļŅėĺŅĴĸńĭȮ&NDA) ŏıŊŗŀ
ėĺŅĴŏĮƦĬĴŊŀŀŅĝňıŒĬĔŅĶŒľƟĭĶŇĔŅĶȮĔŅĶĽĶƟŅĚŏėĶŊŀĕƞŅĵėĺŅĴĶƞĺĴĴŊŀĶŃľĺƞŅĚľĬƞĺĵĚŅĬĨƞŅĚȮŕȮĞŉŗĚĴň
ĸńĔļĦŃŏĜıŅŃĕŀĚĽŇŗĚŀņĬĺĵėĺŅĴĽŃħĺĔŐĸŃĴňĭŋėĸŅĔĶĪňŗĴňėĺŅĴŏĝňŗĵĺĝŅĠŐĨĔĨƞŅĚĔńĬȮĭŌĶĦŅĔŅĶ
őėĶĚĽĶƟŅĚıŊŘĬģŅĬĪŅĚĔŅĵĳŅıŐĸŃĪŅĚħŇěŇĪńĸŏĕƟŅħƟĺĵĔńĬȮıńĥĬŅĶŃĭĭěńħĔŅĶģŅĬĕƟŀĴŌĸŏėĶŊŗŀĚĴŊŀŐĸŃ
ŀŋĮĔĶĦƢȮĨĸŀħěĬĶŌĮŐĭĭĔŅĶŒľƟĭĶŇĔŅĶĪňŗĽŅĴŅĶĩŏĕƟŅĩŉĚœħƟĚƞŅĵȮŏıŊŗŀĴŋƞĚĽŌƞĔŅĶĽĶƟŅĚĶŃĭĭĬŇŏĺĻĪňŗŏŀŊŘŀĨƞŀ 
ĔŅĶħņŏĬŇĬĚŅĬĬĺńĨĔĶĶĴĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ 

¶ ĔŅĶĽĶƟŅĚȮBiofoundry ĔĶĦňĪňŗĴňĚĭĮĶŃĴŅĦĸĚĪŋĬȮcentral facility ŒĬŀĬŅėĨȮŐĸŃĴňėĺŅĴĨƟŀĚĔŅĶ 
ĴŅĔıŀĪňŗěŃĪņŒľƟŏĔŇħĔŅĶŒĝƟĚŅĬŀĵƞŅĚėŋƟĴėƞŅėĺĶıŇěŅĶĦŅĕƟŀĴŌĸŒľƟėĶŀĭėĸŋĴĨĸŀħľƞĺĚőĞƞĔŅĶĺŇěńĵŐĸŃ
ıńĥĬŅįĸŇĨĳńĦĤƢȮĨńŘĚŐĨƞĔņĸńĚėĬȮĬńĔĺŇěńĵȮĝƞŅĚŏĪėĬŇėȮįŌƟĮĶŃĽŅĬĚŅĬȮįŌƟĭĶŇľŅĶěńħĔŅĶ central facilityȮ
ĮĶŇĴŅĦőěĪĵƢĺŇěńĵ-ĚŅĬĺŇěńĵŒĬĮĶŃŏĪĻȮ&supply) ŐĸŃĮĶŇĴŅĦėĺŅĴĨƟŀĚĔŅĶȮ&demand) ěŅĔįŌƟĮĶŃĔŀĭĔŅĶ
ľĶŊŀĳŅėŏŀĔĝĬȮĺŇīňĔĶŃĨŋƟĬŒľƟĴňįŌƟŒĝƟĭĶŇĔŅĶŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŏĝƞĬȮėĺŅĴėŋƟĴėƞŅȮĶŅėŅĨƟĬĪŋĬĪňŗĨŗņĸĚȮ 
ėĺŅĴĽŃħĺĔŒĬĔŅĶŒĝƟĭĶŇĔŅĶ ŏıŊŗŀŏĮƦĬĕƟŀĴŌĸĮĶŃĔŀĭĔŅĶĨńħĽŇĬŒěĶŌĮŐĭĭĪňŗŏľĴŅŃĽĴľĶŊŀőėĶĚĽĶƟŅĚ
ıŊŘĬģŅĬĪňŗĨƟŀĚĸĚĪŋĬĽņľĶńĭĮĶŃŏĪĻœĪĵȮŏıŊŗŀŒľƟŏĔŇħĔŅĶŒĝƟĮĶŃőĵĝĬƢĽŌĚĽŋħ 

¶ ŐĬĺĪŅĚĔŅĶıńĥĬŅőĴŏħĸĔŅĶŒľƟĭĶŇĔŅĶȮBiofoundry ŀŅěėĸƟŅĵĔńĭĚŅĬŒľƟĭĶŇĔŅĶŏėĶŊŗŀĚĴŊŀĺŇĪĵŅĻŅĽĨĶƢȮȮȮȮȮȮȮȮȮȮȮȮ
ĴňŐıĸĨĲŀĶƢĴĔŅĶĬņŏĕƟŅĕƟŀĴŌĸŏıŊŗŀĕŀĶńĭĭĶŇĔŅĶȮĔŅĶĶŃĭŋėĺŅĴĨƟŀĚĔŅĶŏĕƟŅĩŉĚĽŇŗĚŀņĬĺĵėĺŅĴĽŃħĺĔȮŏĝƞĬȮ
ĔŅĶŏĕƟŅĩŉĚŀŋĮĔĶĦƢȮĔŅĶŏĕƟŅĩŉĚőĮĶŐĔĶĴĔŅĶİƗĔŀĭĶĴȮœĮěĬĩŉĚĔŅĶŒĝƟĭĶŇĔŅĶŀĵƞŅĚŏĨŖĴĶŌĮŐĭĭȮĪńŘĚĬňŘ 
ĔŅĶĽĶƟŅĚőľĴħĔŅĶĪņĚŅĬĪňŗŀĬŋĠŅĨŒľƟįŌƟŒĝƟĭĶŇĔŅĶľĶŊŀįŌƟĴňĽƞĺĬœħƟĽƞĺĬŏĽňĵěŅĔĳŅėĺŇĝŅĔŅĶľĶŊŀ
ĳŅėŀŋĨĽŅľĔĶĶĴĴňĮĢŇĽńĴıńĬīƢĔńĭįŌƟŏĝňŗĵĺĝŅĠ-įŌƟĮĶŃĽŅĬĚŅĬŒĬȮBiofoundry ŏıŊŗŀĪĶŅĭėĺŅĴĨƟŀĚĔŅĶ
ĕŀĚįŌƟŒĝƟŐĸŃĨńŘĚŏĮƚŅľĴŅĵįĸĸńıīƢĪňŗėŅħľĺńĚŀĵƞŅĚĝńħŏěĬȮŏıŊŗŀĽĶƟŅĚĝŇŘĬĽƞĺĬĪŅĚıńĬīŋĔĶĶĴȮŀĚėƢĮĶŃĔŀĭ
ĪŅĚĝňĺĳŅıȮľĶŊŀĽŇŗĚĴňĝňĺŇĨĪňŗĴňėŋĦĽĴĭńĨŇĨŀĭőěĪĵƢėĺŅĴĨƟŀĚĔŅĶĕŀĚįŌƟŒĝƟĭĶŇĔŅĶŏĮƦĬľńĺŒěĽņėńĠĕŀĚ 
ĔŅĶıńĥĬŅőĴŏħĸĔŅĶŒľƟĭĶŇĔŅĶȮĽĶƟŅĚŒľƟŏĔŇħģŅĬĸŌĔėƟŅŐĸŃĴňįŌƟŒĝƟĭĶŇĔŅĶŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 
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0,6ȮėĺŅĴıĶƟŀĴŒĬĔŅĶĔņĔńĭħŌŐĸįĸŇĨĳńĦĤƢĪňŗıńĥĬŅőħĵŒĝƟŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ
&synthetic biology) ŏĝŇĚŏĮĶňĵĭŏĪňĵĭĔńĭőĸĔ 

ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĩŊŀŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚŏĪėőĬőĸĵňĝňĺĳŅıĽĴńĵŒľĴƞȮ&kmbcplȮ`gmrcaflmjmew'ȮħńĚĬńŘĬȮ
ĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅěŅĔĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěŉĚěńħŏĮƦĬĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴȮ&Eclcrga_jjwȮKmbgƱcbȮMpe_lgqkq'Ȯ
ľĶŊŀȮEKMqȮĽŅĴŅĶĩŒĝƟĔġĶŃŏĭňĵĭĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĔņĔńĭħŌŐĸȮEKMqȮŒĬĔŅĶħŌŐĸėĺŅĴĮĸŀħĳńĵȮ 

ŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮŀĬŋĽńĠĠŅĺƞŅħƟĺĵėĺŅĴľĸŅĔľĸŅĵĪŅĚĝňĺĳŅıȮ&AmltclrgmlȮmlȮ@gmjmega_jȮBgtcpqgrw8Ȯ
A@B'ȮŏĸŖĚŏľŖĬėĺŅĴĽņėńĠĕŀĚĔŅĶħŌŐĸėĺŅĴĮĸŀħĳńĵĕŀĚŏĪėőĬőĸĵňĝňĺĳŅıȮŒĬĴŅĨĶŅȮ6eȮěŉĚĔņľĬħŒľƟěńħĨńŘĚĺŇīňĔŅĶ
ěńħĔŅĶľĶŊŀėĺĭėŋĴėĺŅĴŏĽňŗĵĚŒĬĔŅĶŒĝƟĮĶŃőĵĝĬƢŐĸŃĮĸħĮĸƞŀĵĽŇŗĚĴňĝňĺŇĨĪňŗĴŅěŅĔŏĪėőĬőĸĵňĝňĺĳŅıȮĞŉŗĚŏĮƦĬĪňŗĴŅĕŀĚ
ıŇīňĽŅĶėŅĶƢĨŅŏŁĬŅĺƞŅħƟĺĵėĺŅĴĮĸŀħĳńĵĪŅĚĝňĺĳŅıŏĮƦĬıŇīňĽŅĶĨƞŀĪƟŅĵŀĬŋĽńĠĠŅłȮ&A_pr_ecl_ȮNpmrmamjȮmlȮ
@gmq_dcrwȮrmȮAmltclrgmlȮmlȮ@gmjmega_jȮBgtcpqgrw'ȮĞŉŗĚŏĮƦĬĕƟŀĨĔĸĚĶŃľĺƞŅĚĮĶŃŏĪĻĪňŗŏĬƟĬĔŅĶħŌŐĸėĺŅĴĮĸŀħĳńĵ
ĕŀĚĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴȮ&JgtgleȮKmbgƱcbȮMpe_lgqkȮ+ȮJKMq'ȮŀńĬŏĮƦĬįĸĴŅěŅĔŏĪėőĬőĸĵňĝňĺĳŅıĽĴńĵŒľĴƞ 

ĨƞŀĴŅȮŀĬŋĽńĠĠŅĺƞŅħƟĺĵėĺŅĴľĸŅĔľĸŅĵĪŅĚĝňĺĳŅıȮ&AmltclrgmlȮmlȮ@gmjmega_jȮBgtcpqgrw8ȮA@B'Ȯ
ıŇěŅĶĦŅĺƞŅȮĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĮƦĬĮĶŃŏħŖĬŀŋĭńĨŇŒľĴƞĪňŗŀŅěĴňįĸĔĶŃĪĭĨƞŀėĺŅĴľĸŅĔľĸŅĵĪŅĚĝňĺĳŅıȮħńĚĬńŘĬȮŒĬĮƖȮ
ė,Ļ,Ȯ0./7ȮĕŀĚĪňŗĮĶŃĝŋĴĽĴńĝĝŅĳŅėňŀĬŋĽńĠĠŅĺƞŅħƟĺĵėĺŅĴľĸŅĔľĸŅĵĪŅĚĝňĺĳŅıěŉĚĴňėĺŅĴŏľŖĬĺƞŅȮĽŇŗĚĴňĝňĺŇĨĽƞĺĬŒľĠƞ 
ĪňŗıńĥĬŅĕŉŘĬőħĵĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&qwlrfcrgaȮ`gmjmew'ȮěńħŏĮƦĬĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴȮĳŅĵŒĨƟĭĶŇĭĪĕŀĚıŇīňĽŅĶ
ėŅĶƢĨŅŏŁĬƞŅĺƞŅħƟĺĵėĺŅĴĮĸŀħĳńĵĪŅĚĝňĺĳŅıȮĽŅĴŅĶĩĔņĔńĭħŌŐĸőħĵŒĝƟĔĸœĔŏħňĵĺĔńĬĔńĭĔŅĶĔņĔńĭħŌŐĸȮEKMqȮȮ
ĽņľĶńĭĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅĕŉŘĬőħĵĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŐĸŃœĴƞŏĕƟŅĕƞŅĵŏĮƦĬȮEKMqȮĬńŘĬȮĵńĚėĚŀĵŌƞŒĬĕŀĭŏĕĨĕŀĚĔŅĶħŌŐĸ
ĳŅĵŒĨƟȮA@BȮŏĬŊŗŀĚěŅĔȮĕŀĭŏĕĨĕŀĚȮA@BȮėĶŀĭėĸŋĴĽŇŗĚĴňĝňĺŇĨĪňŗœħƟěŅĔŏĪėőĬőĸĵňĝňĺĳŅıĪńŘĚľĴħ 

ĽņľĶńĭĔŅĶĔņĔńĭħŌŐĸĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬĮĶŃŏĪĻĨƞŅĚȮŕȮĬńŘĬȮěŃıŇěŅĶĦŅĺƞŅȮĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĮƦĬĽƞĺĬľĬŉŗĚ
ĕŀĚŏĪėőĬőĸĵňĝňĺĳŅıĽĴńĵŒľĴƞŏĝƞĬĔńĬȮŐĸŃĨƞŅĚŒĝƟĔĸœĔĔņĔńĭħŌŐĸėĺŅĴĮĸŀħĳńĵĪŅĚĝňĺĳŅıŏĝƞĬŏħňĵĺĔńĭĔŅĶĔņĔńĭ
ħŌŐĸĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴȮĵĔŏĺƟĬŒĬĭŅĚĮĶŃŏĪĻěŃĴňĔĸœĔĔŅĶĔņĔńĭħŌŐĸŏĜıŅŃĽņľĶńĭĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅěŅĔ
ŏĪėőĬőĸĵňĔŅĶĮĶńĭŐĨƞĚěňőĬĴȮ&eclmkcȮcbgrgleȮrcaflmjmew'ȮőħĵĴňĔĶŃĭĺĬĔŅĶıŇěŅĶĦŅŏĜıŅŃŏıŊŗŀıŇěŅĶĦŅ
ĵĔŏĺƟĬœĴƞěńħŏĮƦĬĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴȮĨńĺŀĵƞŅĚŐĬĺĪŅĚĔņĔńĭħŌŐĸŒĬĭŅĚĮĶŃŏĪĻȮħńĚĬňŘ 

/, ĽľĳŅıĵŋőĶĮȮ 
ĽľĳŅıĵŋőĶĮŏĮƦĬĔĸŋƞĴĮĶŃŏĪĻĪňŗĔņľĬħĔġĶŃŏĭňĵĭľĶŊŀĴŅĨĶĔŅĶĪŅĚĔġľĴŅĵĕŉŘĬĴŅŒľĴƞŏıŊŗŀĴŅĭńĚėńĭŒĝƟ 

ŒĬĔŅĶėĺĭėŋĴĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴĪŋĔĮĶŃŏĳĪȮŐĸŃĔŇěĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚŒĬĪŋĔĕńŘĬĨŀĬȮĨńŘĚŐĨƞĔŅĶŒĝƟŒĬĽĳŅı
ėĺĭėŋĴȮĔŅĶĪħĽŀĭŒĬĳŅėĽĬŅĴȮĔŅĶĮĸħĮĸƞŀĵĽŌƞĽŇŗĚŐĺħĸƟŀĴȮĔŅĶĺŅĚěņľĬƞŅĵŒĬĪƟŀĚĨĸŅħȮĔŅĶĨŇħĜĸŅĔȮĔŅĶŏėĸŊŗŀĬĵƟŅĵ
ĕƟŅĴŐħĬĶŃľĺƞŅĚĮĶŃŏĪĻĽĴŅĝŇĔľĶŊŀĔŅĶĽƞĚŀŀĔœĮĵńĚĮĶŃŏĪĻĪňŗĽŅĴŐĸŃĔŅĶĨĶĺěĽŀĭĵƟŀĬĔĸńĭȮ&rp_ac_`gjgrw'Ȯ 
ŏĮƦĬĨƟĬȮőħĵĔġĶŃŏĭňĵĭĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŀŅľŅĶœħƟĕĵŅĵĕŀĭŏĕĨĔŅĶĭńĚėńĭŒĝƟŀŀĔœĮŒľƟėĶŀĭėĸŋĴĩŉĚĔŅĶŒĝƟĽŇŗĚĴňĝňĺŇĨ
ħńħŐĮĸĚıńĬīŋĔĶĶĴŏĮƦĬĽƞĺĬĮĶŃĔŀĭĕŀĚįĸŇĨĳńĦĤƢħƟĺĵȮĪńŘĚĬňŘȮŏıŊŗŀŒľƟŏĔŇħėĺŅĴĴńŗĬŒěŒĬħƟŅĬėĺŅĴĮĸŀħĳńĵĨƞŀĝňĺŇĨ
ĴĬŋļĵƢȮĽńĨĺƢȮŐĸŃĽŇŗĚŐĺħĸƟŀĴȮ 

ĳŅĵŒĨƟĕƟŀĔņľĬħŒĬĔŅĶĔņĔńĭħŌŐĸĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴĕŀĚĽľĳŅıĵŋőĶĮœħƟĵĔŏĺƟĬŒľƟĽŇŗĚĴňĝňĺŇĨ 
ĪňŗıńĥĬŅĕŉŘĬħƟĺĵŏĪėĬŇėľĶŊŀĺŇīňĔŅĶĝńĔĬņŒľƟŏĔŇħĔŅĶĔĸŅĵıńĬīŋƢȮ&ksr_eclcqgq'ȮœĴƞěńħŏĮƦĬȮEKMqȮěŉĚĴňĕƟŀĩĔŏĩňĵĚĺƞŅȮ
ĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅħƟĺĵŏĪėőĬőĸĵňĔŅĶĮĶńĭŐĨƞĚěňőĬĴŐĭĭȮQBL/ȮĴňĸńĔļĦŃŏĪňĵĭŏĪƞŅĔńĭĔŅĶĝńĔĬņŒľƟŏĔŇħĔŅĶĔĸŅĵıńĬīŋƢȮ
ŏĬŊŗŀĚěŅĔĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĽŅĶıńĬīŋĔĶĶĴŏĸŖĔĬƟŀĵŐĸŃœĴƞĴňĽŅĶıńĬīŋĔĶĶĴĕŀĚĽŇŗĚĴňĝňĺŇĨŀŊŗĬȮĵńĚěńħŏĮƦĬȮEKMqȮľĶŊŀœĴƞȮ
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ŀĵƞŅĚœĶĔŖĨŅĴȮŏĴŊŗŀŏħŊŀĬĔĶĔġŅėĴȮė,Ļ,Ȯ0./6ȮĻŅĸĵŋĨŇīĶĶĴŐľƞĚĽľĳŅıĵŋőĶĮȮĴňėĺŅĴŏľŖĬĺƞŅĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅĕŉŘĬőħĵ
ĔŅĶĝńĔĬņŒľƟŏĔŇħĔŅĶĔĸŅĵıńĬīŋƢŏĮƦĬȮEKMqȮŐĸŃŀĵŌƞĳŅĵŒĨƟĔŅĶĔņĔńĭħŌŐĸŏĝƞĬŏħňĵĺĔńĬĔńĭȮEKMqȮĵĔŏĺƟĬĽŇŗĚĴňĝňĺŇĨ 
ĪňŗĴňĕƟŀĴŌĸĺƞŅĴňĔŅĶŒĝƟŀĵƞŅĚĮĸŀħĳńĵĴŅŏĮƦĬŏĺĸŅĬŅĬȮ&jmleȮq_dcrwȮpcampb'ȮĨƞŀĴŅŒĬŏħŊŀĬıķĻěŇĔŅĵĬȮĮƖȮė,Ļ,Ȯ0./7Ȯ
ėĦŃĴĬĨĶňŐľƞĚĽľĳŅıĵŋőĶĮȮœħƟĕŀŒľƟĴňĔŅĶĻŉĔļŅĺƞŅįĸŇĨĳńĦĤƢĪňŗıńĥĬŅĕŉŘĬħƟĺĵȮlmtcjȮeclmkgaȮrcaflgoscqȮėĺĶŀĵŌƞ
ĳŅĵŒĨƟĔŅĶĔņĔńĭħŌŐĸőħĵĔġĶŃŏĭňĵĭħńĚĔĸƞŅĺľĶŊŀœĴƞȮĞŉŗĚŏĴŊŗŀŏħŊŀĬŏĴļŅĵĬȮĮƖȮė,Ļ,Ȯ0.0/ȮėĦŃĔĶĶĴŅīŇĔŅĶĵŋőĶĮ 
œħƟĨňıŇĴıƢįĸĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭĽĩŅĬŃĕŀĚȮlcuȮeclmkgaȮrcaflgoscqȮ&LERq'ȮĳŅĵŒĨƟȮSlgmlȮj_uȮőħĵĴňįĸĽĶŋĮĺƞŅȮ
ĳŅĵŒĨƟĶŃĭĭĔŅĶĔņĔńĭħŌŐĸĕŀĚĽľĳŅıĵŋőĶĮŒĬĮƤěěŋĭńĬȮĴňėĺŅĴĪƟŅĪŅĵŒĬĔŅĶħņŏĬŇĬĔŅĶŐĸŃĔŅĶĭńĚėńĭŒĝƟȮőħĵŏĜıŅŃ
ŀĵƞŅĚĵŇŗĚȮĔŅĶĨĶĺěěńĭŐĸŃĔŅĶŐĵĔėĺŅĴŐĨĔĨƞŅĚĕŀĚįĸŇĨĳńĦĤƢȮLERqȮĪňŗœĴƞĴňĽŅĶıńĬīŋĔĶĶĴěŅĔȮdmpcgelȮeclcrgaȮ
k_rcpg_jȮĞŉŗĚŏĮƦĬĮƤĠľŅĽņľĶńĭľĬƞĺĵĚŅĬĭńĚėńĭŒĝƟȮįŌƟĮĢŇĭńĨŇĚŅĬȮŐĸŃįŌƟĵŊŗĬȮĕƟŀĔńĚĺĸĽƞĺĬŒľĠƞŏĔňŗĵĺĕƟŀĚĔńĭėĺŅĴĮĸŀħĳńĵ
ŐĸŃįĸĔĶŃĪĭĨƞŀĽŇŗĚŐĺħĸƟŀĴĪňŗŀŅěŏĔŇħĕŉŘĬȮĶĺĴĩŉĚėĺŅĴľĸŅĔľĸŅĵĪŅĚĝňĺĳŅıȮĔŅĶŀĵŌƞĶƞĺĴĔńĬĔńĭŏĔļĨĶĔĶĶĴ 
ĮĸŀħĽŅĶŀŇĬĪĶňĵƢŐĸŃĮĸŀħĔŅĶħńħŐĮĸĚıńĬīŋĔĶĶĴȮĨĸŀħěĬĔŅĶĨŇħĜĸŅĔŐĸŃĽŇĪīŇĕŀĚįŌƟĭĶŇőĳėŒĬĕƟŀĴŌĸŐĸŃŏĽĶňĳŅı
ŒĬĔŅĶŏĸŊŀĔȮŐĸŃĨŅĴĪňŗȮCspmnc_lȮDmmbȮQ_dcrwȮ?srfmpgrwȮĽĶŋĮœĺƟȮįĸŇĨĳńĦĤƢěŅĔıŊĝĪňŗĴňőĮĶœĲĸƢėĺŅĴŏĽňŗĵĚ
ŒĔĸƟŏėňĵĚĔńĬĽŅĴŅĶĩœħƟěŅĔŏĪėĬŇėĔŅĶįĽĴıńĬīŋƢŐĭĭħńŘĚŏħŇĴȮĔŅĶĔĸŅĵıńĬīŋƢŐĭĭĔņľĬħŏĮƚŅľĴŅĵȮŐĸŃĔŅĶŏĔŇħȮ
agqeclcqgqȮĽņľĶńĭȮLERqȮŏĪėĬŇėŀŊŗĬȮŕȮľĶŊŀĔŅĶĮĶŃĵŋĔĨƢŒĝƟŒĬĽńĨĺƢŐĸŃěŋĸŇĬĪĶňĵƢȮėĺŅĴĶŌƟĪŅĚĺŇĪĵŅĻŅĽĨĶƢĪňŗěņŏĮƦĬ 
ĵńĚĴňěņĔńħľĶŊŀĵńĚĕŅħŀĵŌƞȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚŒĬħƟŅĬėĺŅĴĮĸŀħĳńĵ 

0, ĽľĶńģŀŏĴĶŇĔŅȮ 
ĔŅĶĔņĔńĭħŌŐĸĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴȮŒĬĽľĶńģŀŏĴĶŇĔŅȮħņŏĬŇĬĔŅĶőħĵȮ1ȮľĬƞĺĵĚŅĬȮœħƟŐĔƞȮĔĶŃĪĶĺĚŏĔļĨĶȮ

&Bcn_prkclrȮmdȮ?epgasjrspcȮ+ȮB?'*ȮŀĚėƢĔŅĶŀŅľŅĶŐĸŃĵŅȮ&DmmbȮ_lbȮBpseȮ?bkglgqrp_rgmlȮ+ȮDB?'ȮŐĸŃ
ĽņĬńĔĚŅĬĮĔĮƚŀĚĽŇŗĚŐĺħĸƟŀĴȮ&Cltgpmlkclr_jȮNpmrcargmlȮ?eclawȮ+ȮCN?'ȮŐĸŃŒĬŏħŊŀĬĴŇĩŋĬŅĵĬȮĮƖȮė,Ļ,Ȯ0./7Ȯ 
ĴňĔŅĶŀŀĔėņĽńŗĚıŇŏĻļĕŀĚĮĶŃīŅĬŅīŇĭħňȮ&cvcasrgtcȮmpbcp'ȮŏĶŊŗŀĚȮkmbcplgxgleȮrfcȮpcesj_rmpwȮdp_kcumpiȮdmpȮ
_epgasjrsp_jȮ`gmrcaflmjmewȮŒľƟĽŇĪīŇśŐĔƞȮCN?ȮŒĬĔŅĶŒĝƟĔĸœĔĪňŗĴňŀĵŌƞĵĔŏĺƟĬįĸŇĨĳńĦĤƢħƟŅĬĔŅĶŏĔļĨĶĪňŗıńĥĬŅĕŉŘĬěŅĔ
ŏĪėőĬőĸĵňĝňĺĳŅıĪňŗĴňėĺŅĴŏĽňŗĵĚĨŗņȮ&cvcknrȮjmu+pgqiȮnpmbsarq'ȮěŅĔĔŅĶĔņĔńĭħŌŐĸĨŅĴėĺŅĴŏľĴŅŃĽĴȮőħĵ 
ĴňĔŅĶĵĔŏĺƟĬŏľŖħĔĶŃħŋĴĪňŗœĴƞŏĮĸňŗĵĬŏĮƦĬĽňĬŘņĨŅĸȮ&lml+̀pmulgleȮksqfpmmk'ȮĞŉŗĚıńĥĬŅĕŉŘĬěŅĔŏĪėőĬőĸĵň 
ĔŅĶĮĶńĭŐĨƞĚěňőĬĴ 

1, ĽľĶŅĝŀŅĦŅěńĔĶ 
ĔŅĶĔņĔńĭħŌŐĸĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴŒĬĽľĶŅĝŀŅĦŅěńĔĶȮŒĬĮƤěěŋĭńĬĔņľĬħŒľƟĽŇŗĚĴňĝňĺŇĨȮEKMqȮ

ŐĨƞĸŃĝĬŇħœħƟĶńĭĔŅĶĮĶŃŏĴŇĬŐĸŃŀĬŋĠŅĨŏĮƦĬĶŅĵĔĶĦňĔƞŀĬěŉĚěŃĽŅĴŅĶĩĬņĴŅŒĝƟœħƟȮĞŉŗĚŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĮĶŃŏĴŇĬ 
ėĺŅĴŏĽňŗĵĚȮĔŅĶŒľƟėņĮĶŉĔļŅĽŅīŅĶĦŃȮŐĸŃĔŅĶĨňıŇĴıƢĶŅĵĸŃŏŀňĵħĺƞŅĔŅĶĪħĸŀĚĺŇěńĵěŃŏĔŇħĕŉŘĬŏĴŊŗŀœľĶƞŐĸŃĪňŗœľĬȮ
ŀĵƞŅĚœĶĔŖħňȮĮĶŃŏĪĻĔŖŏľŖĬėĺŅĴĽņėńĠĕŀĚĔġĶŃŏĭňĵĭŐĸŃĴŅĨĶģŅĬŏĜıŅŃĕŀĚĝňĺĺŇĪĵŅĺŇĻĺĔĶĶĴȮ&cleglccpgleȮ
`gmjmew'ȮŏıŊŗŀŒľƟĪńĬĨƞŀĔŅĶıńĥĬŅŀĵƞŅĚĶĺħŏĶŖĺŏĮƦĬıŇŏĻļĕŀĚŏĪėőĬőĸĵňĬňŘȮőħĵŒĬȮL_rgml_jȮtgqgmlȮĪňŗěńħĪņőħĵȮ
Bcn_prkclrȮdmpȮQagclac*ȮGllmt_rgml*Ȯ_lbȮRcaflmjmewȮĴňĔŅĶĔĸƞŅĺĩŉĚĮĶŃŏħŖĬĬňŘĺƞŅȮĔġĶŃŏĭňĵĭŐĸŃĴŅĨĶģŅĬ
ŏĮƦĬĔŋĠŐěĽņėńĠŒĬĔŅĶĽĶƟŅĚĽĳŅıŐĺħĸƟŀĴĪňŗĝňĺĺŇĪĵŅĺŇĻĺĔĶĶĴĽŅĴŅĶĩŏĕƟŅĩŉĚĻńĔĵĳŅıĽŌĚĽŋħœħƟŀĵƞŅĚĮĸŀħĳńĵȮŐĸŃ 
ŒľƟėĺŅĴĴńŗĬŒěŐĔƞĽŅīŅĶĦĝĬŐĸŃĨĸŅħĺƞŅįĸŇĨĳńĦĤƢĴňėŋĦĳŅıĽŌĚŐĸŃĮĸŀħĳńĵȮĞŉŗĚĴňĔŅĶĮĶŃĵŋĔĨƢŒĝƟĝňĺĺŇĪĵŅĪŅĚ
ĺŇĻĺĔĶĶĴœħƟľĸŅĔľĸŅĵĺŇīňȮħńĚĬńŘĬȮĔŅĶŒĝƟĚŅĬĬńŘĬŀĵŌƞĳŅĵŒĨƟĔŅĶėĺĭėŋĴĕŀĚľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸěņĬĺĬĴŅĔȮŐĸŃŏıŊŗŀ 
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ŒľƟįĸŇĨĳńĦĤƢĪňŗœħƟěŅĔĝňĺĺŇĪĵŅĪŅĚĺŇĻĺĔĶĶĴĽŅĴŅĶĩŀŀĔĽŌƞĨĸŅħœħƟȮĔġĶŃŏĭňĵĭėĺĶĴňėĺŅĴĝńħŏěĬȮŏľĴŅŃĽĴŐĸŃ
ĽĬńĭĽĬŋĬĬĺńĨĔĶĶĴȮőħĵĵńĚėĚĶńĔļŅĴŅĨĶģŅĬėĺŅĴĮĸŀħĳńĵĕŀĚįŌƟĭĶŇőĳėœĺƟŒĬĶŃħńĭĽŌĚ 
 ĽľĶŅĝŀŅĦŅěńĔĶœħƟěńħĨńŘĚŏėĶŊŀĕƞŅĵľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸħƟŅĬĝňĺĺŇĪĵŅĺŇĻĺĔĶĶĴȮ&CleglccpgleȮ@gmjmewȮ
Pcesj_rmpqŲȮLcrumpiȮ+Ȯ9C@PL'ȮŏıŊŗŀŐĽĺĚľŅőŀĔŅĽŒĬĔŅĶĪņĚŅĬĶƞĺĴĔńĬĶŃľĺƞŅĚľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸȮŐĸŃ 
ĔŅĶŐĭƞĚĮƤĬėĺŅĴĶŌƟŐĸŃŐĬĺĮĢŇĭńĨŇĪňŗħňĪňŗĽŋħȮőħĵěŃŏĶňĵĔĮĶŃĝŋĴľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸȮ/.ȮŐľƞĚěŅĔľĬƞĺĵĚŅĬĽĬńĭĽĬŋĬȮ 
5ȮŐįĬĔȮŏıŊŗŀĽĶƟŅĚĔĸœĔŏĝŊŗŀĴőĵĚŒĬĔŅĶĪņĚŅĬĶƞĺĴĶŃľĺƞŅĚľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸĕŀĚĽľĶŅĝŀŅĦŅěńĔĶŐĸŃĝŋĴĝĬ
ĝňĺĺŇĪĵŅĺŇĻĺĔĶĶĴįƞŅĬȮC@PLȮŏıŊŗŀĽĬńĭĽĬŋĬĔŅĶıńĥĬŅĔŅĶĮĢŇĶŌĮĔġĶŃŏĭňĵĭĪňŗŏľĴŅŃĽĴȮőħĵĳŅĶĔŇěŐĶĔėŊŀĔŅĶěńħĪņ
ĕńŘĬĨŀĬĺƞŅĮƤěěŋĭńĬįĸŇĨĳńĦĤƢĪňŗœħƟěŅĔĝňĺĺŇĪĵŅĺŇĻĺĔĶĶĴœħƟĶńĭĔŅĶėĺĭėŋĴŀĵƞŅĚœĶȮĞŉŗĚĴňĔŅĶěńħĽĶĶĚĭĮĶŃĴŅĦŒľƟĔńĭȮ
C@PLȮŏıŊŗŀĽĶƟŅĚȮpcesj_rmpwȮq_lb`mvcqȮħƟŅĬĝňĺĺŇĪĵŅĪŅĚĺŇĻĺĔĶĶĴȮĴňŏĮƚŅľĴŅĵŏıŊŗŀĺŇŏėĶŅŃľƢėŋĦĳŅıŐĸŃ 
ėĺŅĴĮĸŀħĳńĵĕŀĚįĸŇĨĳńĦĤƢĨŅĴȮctgbclac+̀_qcbȮ_l_jwqgqȮĞŉŗĚěņŏĮƦĬĽņľĶńĭĔŅĶĽĶƟŅĚĔġĶŃŏĭňĵĭĪňŗŏľĴŅŃĽĴ 
ŏıŊŗŀėĺŅĴœĺƟĺŅĚŒěĕŀĚĽŅīŅĶĦĝĬȮŐĸŃĴňĔŅĶĴŀĭľĴŅĵŒľƟȮPcesj_rmpwȮFmpgxmlqȮAmslagjȮıńĥĬŅĨƞŀĵŀħĚŅĬ
ĔġĶŃŏĭňĵĭĪňŗĴňŀĵŌƞőħĵŒľƟŏıŇŗĴŏĨŇĴĶŅĵĸŃŏŀňĵħĮĶŃŏħŖĬħƟŅĬĔġĶŃŏĭňĵĭĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĺŇĻĺĔĶĶĴőħĵŏĜıŅŃȮŏıŊŗŀ
ĕěńħŀŋĮĽĶĶėħƟŅĬĔġĶŃŏĭňĵĭŐĸŃıŇĽŌěĬƢŒľƟŏľŖĬĩŉĚĔĶŀĭĔŅĶĔņĔńĭħŌŐĸĕŀĚĮĶŃŏĪĻŒĬŀĬŅėĨȮĪńŘĚĬňŘȮDmmbȮQr_lb_pbqȮ
?eclawȮœħƟĽĶƟŅĚĶŃĭĭȮns`jgaȮamlqsjr_rgmlȮŏĔňŗĵĺĔńĭĕƟŀŏĽĬŀȮ&npmnmq_jq'ȮĽņľĶńĭĔĶŀĭĔŅĶĪņĚŅĬŒľĴƞŒĬŀńĚĔķļ
ĽņľĶńĭĔŅĶėĺĭėŋĴȮnpcagqgmlȮ`pcbȮmpe_lgqkqȮĪňŗŒĝƟĽņľĶńĭŀŅľŅĶŐĸŃŀŅľŅĶĽńĨĺƢ 

ĬŀĔěŅĔĬňŘȮĔŅĶĽĬńĭĽĬŋĬŏıŇŗĴŏĨŇĴěŃĴŅěŅĔŏėĶŊŀĕƞŅĵĬńĔĔŅĶĪŌĨħƟŅĬĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňĕŀĚŏĶŅȮĞŉŗĚ 
ěŃĮĢŇĭńĨŇĨŅĴĔġĶŃŏĭňĵĭĶŃħńĭĬŅĬŅĝŅĨŇȮŐĸŃĽĶƟŅĚĔŅĶŏĝŊŗŀĴőĵĚĶŃľĺƞŅĚľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸĕŀĚĽľĶŅĝŀŅĦŅěńĔĶĔńĭ
ľĬƞĺĵĚŅĬĪňŗŏĪňĵĭŏĪƞŅŒĬĶŃħńĭĽŅĔĸȮĨŅĴėĺŅĴŏľĴŅŃĽĴȮĽŇŗĚĬňŘěŃĝƞĺĵŒľƟĴńŗĬŒěœħƟĺƞŅľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸĕŀĚĮĶŃŏĪĻ 
ěŃœħƟĶńĭŐěƟĚŏĔňŗĵĺĔńĭĔŅĶıńĥĬŅŒĬĪňŗŀŊŗĬŐĸŃĽŅĴŅĶĩĬņŐĬĺĮĢŇĭńĨŇĪňŗħňĪňŗĽŋħœĮĮĢŇĭńĨŇœħƟȮĽľĶŅĝŀŅĦŅěńĔĶĵńĚŏĮƦĬĳŅėň 
ŒĬĕƟŀĨĔĸĚĶŃľĺƞŅĚĮĶŃŏĪĻĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔĶŀĭĔŅĶĔņĔńĭħŌŐĸĳŅĵŒĬĮĶŃŏĪĻȮőħĵĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĮƦĬĺŅĶŃĽņėńĠ
ŒĬĔŅĶĮĶŃĝŋĴĕŀĚŀĬŋĽńĠĠŅĺƞŅħƟĺĵėĺŅĴľĸŅĔľĸŅĵĪŅĚĝňĺĳŅıȮŐĸŃĶńģĭŅĸĴňĽƞĺĬĶƞĺĴŀĵƞŅĚŐĕŖĚĕńĬŒĬĔŅĶŀĳŇĮĶŅĵ
ĶŃľĺƞŅĚĮĶŃŏĪĻĞŉŗĚŀŅěĽƞĚįĸĔĶŃĪĭĨƞŀįĸŇĨĳńĦĤƢĝňĺĺŇĪĵŅĪŅĚĺŇĻĺĔĶĶĴȮŏĝƞĬȮŏĔňŗĵĺĔńĭĔĸœĔĔŅĶŐĭƞĚĮƤĬįĸĮĶŃőĵĝĬƢ
ıľŋĳŅėňŒľĴƞĽņľĶńĭĔŅĶŒĝƟĕƟŀĴŌĸĸņħńĭħŇěŇĪńĸȮ&bgegr_jȮqcosclacȮgldmpk_rgmlȮ+ȮBQG'ȮŏĔňŗĵĺĔńĭĪĶńıĵŅĔĶıńĬīŋĔĶĶĴȮ
&eclcrgaȮpcqmspacq'ȮĕƟŀĨĔĸĚĸņħńĭĶŀĚĕŀĚŀĬŋĽńĠĠŅĨƞŀŀĬŋĽńĠĠŅħńĚĔĸƞŅĺȮĮĶŃĔŀĭħƟĺĵıŇīňĽŅĶėŅĶƢĨŅŏŁĬŅĺƞŅħƟĺĵ
ėĺŅĴĮĸŀħĳńĵĪŅĚĝňĺĳŅıȮŐĸŃıŇīňĽŅĶĬŅőĔĵƞŅĺƞŅħƟĺĵĔŅĶŏĕƟŅĩŉĚŐĸŃĔŅĶŐĭƞĚĮƤĬįĸĮĶŃőĵĝĬƢȮĪńŘĚĬňŘȮĶńģĭŅĸĪņĚŅĬ
ĶƞĺĴĔńĭįŌƟĴňĽƞĺĬœħƟĽƞĺĬŏĽňĵȮĶĺĴĩŉĚĳŅėŏŀĔĝĬȮįƞŅĬĔŅĶĮĶŃĝŋĴĔŅĶŏĕƟŅĩŉĚŐĸŃĔŅĶŐĭƞĚĮƤĬįĸĮĶŃőĵĝĬƢĪňŗĴňĴŅĵŅĺĬŅĬȮ
ĔĸŋƞĴĪňŗĮĶŉĔļŅĪŅĚīŋĶĔŇěŒĬȮBQGȮŐĸŃŒĬŀĬŅėĨįƞŅĬĔŅĶĨŇħĨƞŀĔńĭĔĸŋƞĴĕńĭŏėĸŊŗŀĬĝňĺĺŇĪĵŅĺŇĻĺĔĶĶĴĝŋħŒľĴƞŏĮƦĬĮĶŃěņȮ
ŐĸŃŀňĔĮĶŃŏħŖĬĪňŗĽņėńĠėŊŀĔŅĶĽĶƟŅĚĴŅĨĶģŅĬŒľƟĔńĭĝňĺĺŇĪĵŅĺŇĻĺĔĶĶĴěŃŏĮƦĬĔŋĠŐěĽņėńĠŒĬĔŅĶŏĶƞĚĽĶƟŅĚĬĺńĨĔĶĶĴ
ħƟĺĵĔŅĶŏıŇŗĴėĺŅĴĪƟŅĪŅĵŒĬĔŅĶĪņĞŘņȮ&pcnpmbsag`gjgrw'ȮŐĸŃĔŅĶŏĮĶňĵĭŏĪňĵĭȮ&amkn_p_`gjgrw'ȮĪňŗĨƟŀĚŏįĝŇĠ 
ŏĴŊŗŀĪņĚŅĬĔńĭĶŃĭĭĪŅĚĝňĺĺŇĪĵŅȮőħĵĴňľƟŀĚĮĢŇĭńĨŇĔŅĶĨĶĺěĺńħŐľƞĚĝŅĨŇȮ&L_rgml_jȮNfwqga_jȮJ_`mp_rmpw9ȮLNJ'Ȯ 
ŏĮƦĬĽƞĺĬĽņėńĠŒĬėĺŅĴıĵŅĵŅĴĕŀĚĽľĶŅĝŀŅĦŅěńĔĶŒĬĔŅĶĮĶńĭĮĶŋĚĴŅĨĶĺŇĪĵŅħƟŅĬĝňĺĺŇĪĵŅĺŇĻĺĔĶĶĴ 

2, ŐėĬŅħŅȮ 
ĔĸœĔĔŅĶĔņĔńĭħŌŐĸĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴĕŀĚĮĶŃŏĪĻŐėĬŅħŅȮħņŏĬŇĬĔŅĶőħĵŀĚėƢĔŅĶĨĶĺěĽŀĭ

ŀŅľŅĶĕŀĚŐėĬŅħŅȮ&A_l_b_ȮDmmbȮGlqncargmlȮ?eclawȮ+ȮADG?'ȮĶńĭįŇħĝŀĭĮĶŃŏĴŇĬėĺŅĴĮĸŀħĳńĵĕŀĚ 
ıŊĝħńħŐĮĸĚıńĬīŋĔĶĶĴĔƞŀĬĮĸŌĔŒĬĽŇŗĚŐĺħĸƟŀĴȮŐĸŃȮFc_jrfȮA_l_b_ȮĮĶŃŏĴŇĬėĺŅĴĮĸŀħĳńĵŏıŊŗŀŒĝƟŏĮƦĬŀŅľŅĶȮőħĵ
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ľĸńĔĔŅĶĮĶŃŏĴŇĬŀŅľŅĶŒľĴƞȮ&lmtcjȮdmmb'ȮĔƞŀĬĺŅĚĨĸŅħȮ&npc+k_picrȮ_qqcqqkclr'ȮŒĝƟĔŅĶıŇěŅĶĦŅěŅĔľĸńĔĔŅĶ
ĕŀĚįĸŇĨĳńĦĤƢȮ&npmbsar+̀_qcbȮ_nnpm_af'ȮėŊŀĮĶŃŏĴŇĬŏĜıŅŃįĸŇĨĳńĦĤƢĪňŗĮĶŅĔĢĸńĔļĦŃŒľĴƞőħĵœĴƞėņĬŉĚĩŉĚĺŇīňĔŅĶ
ĪňŗŒĝƟŒĬĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢĬńŘĬȮŕȮĪńŘĚĬňŘȮĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴĳŅĵŒĨƟĔŅĶĔņĔńĭħŌŐĸŒĬĮĶŃŏĪĻŐėĬŅħŅěŃĶĺĴĩŉĚ
ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŐĸŃŏĪėőĬőĸĵňĔŅĶĮĶńĭŐĨƞĚěňőĬĴħƟĺĵȮħńĚĬńŘĬȮįĸŇĨĳńĦĤƢĪňŗıńĥĬŅĕŉŘĬěŅĔŏĪėőĬőĸĵňħńĚĔĸƞŅĺěŃĨƟŀĚ
įƞŅĬĔĶŃĭĺĬĔŅĶĮĶŃŏĴŇĬĔŖĨƞŀŏĴŊŗŀįĸŇĨĳńĦĤƢħńĚĔĸƞŅĺĴňĸńĔļĦŃŒľĴƞŏĪƞŅĬńŘĬ 

3, ŀŀĽŏĨĶŏĸňĵȮ 
ŀŀĽŏĨĶŏĸňĵĔņĔńĭħŌŐĸĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴőħĵĔŅĶŀŀĔĔġľĴŅĵŏĜıŅŃĪňŗĴňĝŊŗŀĺƞŅȮEclcȮRcaflmjmewȮ

?arȮ0...ȮŐĸŃȮEclcȮPcesj_rgmlȮ0../ȮėĶŀĭėĸŋĴĪŋĔĔŇěĔĶĶĴĨńŘĚŐĨƞĔŅĶĺŇěńĵȮĔŅĶįĸŇĨȮĔŅĶĬņŏĕƟŅȮĔŅĶŏıŇŗĴěņĬĺĬȮ
ĔŅĶŏėĸŊŗŀĬĵƟŅĵȮŐĸŃĔŅĶĪņĸŅĵȮȮőħĵŏĴŊŗŀŏħŊŀĬĔŋĴĳŅıńĬīƢȮĮƖȮė,Ļ,Ȯ0./6ȮľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸħƟŅĬŏĪėőĬőĸĵňĵňĬĕŀĚ
ŀŀĽŏĨĶŏĸňĵȮ&MdƱacȮmdȮrfcȮEclcȮRcaflmjmewȮPcesj_rmpȮ+ȮMERP'ȮœħƟěńħĪņĕƟŀŏĽĬŀŐĬŃŒĬĔŅĶıŇěŅĶĦŅĽŇŗĚĴňĝňĺŇĨ
ĪňŗıńĥĬŅĕŉŘĬěŅĔŏĪėĬŇėŒľĴƞȮőħĵĴňĕƟŀŏĽĬŀŒĬĽƞĺĬĕŀĚŏĪėőĬőĸĵňĔŅĶĮĶńĭŐĨƞĚěňőĬĴħƟĺĵŏŀĬœĞĴƢŒĬĔĸŋƞĴĬŇĺėĸňŏŀĽȮ 
&Qgrc+BgpcarcbȮLsajc_qcqȮ+ȮQBL'ȮħńĚĬňŘ 

¶ QBL/Ȯ&œĴƞĴňĔŅĶŒĝƟȮBL?Ȯrcknj_rc'ȮœĴƞěńħŏĮƦĬȮEKMq 

¶ QBL0ȮŐĸŃȮQLB1Ȯ&ĴňĔŅĶŒĝƟȮBL?Ȯrcknj_rc'ȮěńħŏĮƦĬȮEKMq 

4, ŀŅĶƢŏěĬĨŇĬŅȮ 
ĔŅĶĔņĔńĭħŌŐĸĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴŒĬĮĶŃŏĪĻŀŅĶƢŏěĬĨŇĬŅȮėĶŀĭėĸŋĴĨńŘĚŐĨƞĔŅĶĪħĸŀĚŒĬĳŅėĽĬŅĴȮ

ěĬĩŉĚĔŅĶĮĸŌĔŏıŊŗŀĔŅĶėƟŅȮőħĵĴňėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅħƟŅĬŏĪėőĬőĸĵňĝňĺĳŅıĔŅĶŏĔļĨĶŐľƞĚĝŅĨŇŏĮƦĬįŌƟıŇěŅĶĦŅ
ĮĶŃŏĴŇĬėĺŅĴŏĽňŗĵĚȮĳŅĵŒĨƟĔŅĶħņŏĬŇĬĔŅĶĕŀĚĔĶĴŏĪėőĬőĸĵňĝňĺĳŅıȮĔĶŃĪĶĺĚŀŋĨĽŅľĔĶĶĴŏĔļĨĶȮĪńŘĚĬňŘȮŒĬȮĮƖȮė,Ļ,Ȯ0./3Ȯ
ĮĶŃŏĪĻŀŅĶƢŏěĬĨŇĬŅȮĴňĔŅĶěńħĪņĕƟŀĴĨŇŏĔňŗĵĺĔńĭĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅĕŉŘĬħƟĺĵŏĪėĬŇėĔŅĶĮĶńĭĮĶŋĚıńĬīŋƢŒľĴƞȮ&LcuȮ
@pccbgleȮRcaflgoscqȮ+ȮL@Rq'ȮħńĚĬňŘ 

¶ ĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅĕŉŘĬħƟĺĵŏĪėĬŇėĔŅĶľĸŀĴĶĺĴĽŅĶıńĬīŋĔĶĶĴȮ&pcamk`gl_lrȮBL?Ȯrcaflgosc'Ȯ 
ŀŅěŏĮƦĬȮEKMq 

¶ ľŅĔŏĪėĬŇėĪňŗŒĝƟœĴƞĔƞŀŒľƟŏĔŇħĽŅĶıńĬīŋĔĶĶĴŒľĴƞȮœĴƞěńħŏĮƦĬȮEKMq 

¶ ľŅĔŏĪėĬŇėĪňŗŒĝƟĔƞŀŒľƟŏĔŇħĽŅĶıńĬīŋĔĶĶĴŒľĴƞȮěńħŏĮƦĬȮEKMq 

5, ĠňŗĮŋƙĬ 
ĮĶŃŏĪĻĠňŗĮŋƙĬĴňĔŅĶĔņľĬħĔġľĴŅĵŏĜıŅŃŏıŊŗŀĔņĔńĭħŌŐĸĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴȮœħƟŐĔƞȮıĶŃĶŅĝĭńĠĠńĨŇ

ĺƞŅħƟĺĵĔŅĶŀĬŋĶńĔļƢŐĸŃŒĝƟĮĶŃőĵĝĬƢėĺŅĴľĸŅĔľĸŅĵĪŅĚĝňĺĳŅıŀĵƞŅĚĵńŗĚĵŊĬőħĵĔŅĶĔņĔńĭħŌŐĸĔŅĶŒĝƟĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚ
ıńĬīŋĔĶĶĴȮ&?arȮmlȮrfcȮAmlqcpt_rgmlȮ_lbȮQsqr_gl_`jcȮSqcȮmdȮ@gmjmega_jȮBgtcpqgrwȮrfpmsefȮPcesj_rgmlqȮmlȮ
rfcȮSqcȮmdȮJgtgleȮKmbgƱcbȮMpe_lgqkq'ȮľĶŊŀŏĶňĵĔőħĵĵƞŀĺƞŅȮıĶŃĶŅĝĭńĠĠńĨŇėŅĶƢĨŅŏŁĬŅȮ&A_pr_ecl_Ȯ?ar'Ȯőħĵ
ĴňĔŅĶŀŀĔėņĽńŗĚėĦŃĶńģĴĬĨĶňȮėņĽńŗĚĶńģĴĬĨĶňľĶŊŀĮĶŃĔŅĻĶńģĴĬĨĶňŏĮƦĬĔġľĴŅĵĸņħńĭĶŀĚȮŏıŊŗŀĔņľĬħĶŅĵĸŃŏŀňĵħ
ĕŀĚĺŇīňĔŅĶĮĢŇĭńĨŇľĶŊŀľĸńĔĔŅĶħņŏĬŇĬĔŅĶĨŅĴĕŀĚĔġľĴŅĵĜĭńĭľĸńĔȮ 

ĽņľĶńĭĔŅĶŒĝƟȮEKMqȮŏĮƦĬŀŅľŅĶȮŒĬĮĶŃŏĪĻĠňŗĮŋƙĬŒĝƟĔġľĴŅĵĽŋĕŀĬŅĴńĵŀŅľŅĶȮĔġľĴŅĵĺƞŅħƟĺĵĔŅĶĶńĭĶŀĚ
ėĺŅĴĮĸŀħĳńĵŐĸŃĔŅĶĮĶńĭĮĶŋĚėŋĦĳŅıŀŅľŅĶĽńĨĺƢŒĬĔŅĶĔņĔńĭħŌŐĸȮŒĬĽƞĺĬĕŀĚŀŅľŅĶĪňŗœħƟěŅĔŏĪėőĬőĸĵň 
ĔŅĶĮĶńĭŐĨƞĚěňőĬĴȮŒĬĮƖȮė,Ļ,Ȯ0.0.ȮĔĶŃĪĶĺĚĽŅīŅĶĦĽŋĕȮŐĶĚĚŅĬȮŐĸŃĽĺńĽħŇĔŅĶȮĮĶŃŏĪĻĠňŗĮŋƙĬȮœħƟěńħĪņŐĬĺĪŅĚ
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ĮĢŇĭńĨŇĽņľĶńĭįŌƟıńĥĬŅŐĸŃįŌƟĮĶŃĽĚėƢŒĝƟĚŅĬŒĬĔŅĶěħŐěƟĚŀŅľŅĶŐĸŃĺńĨĩŋŏěŊŀĮĬŀŅľŅĶĪňŗıńĥĬŅĕŉŘĬěŅĔŏĪėőĬőĸĵň 
ĔŅĶĮĶńĭŐĨƞĚěňőĬĴĕŉŘĬŏĮƦĬĔŅĶŏĜıŅŃȮőħĵŒľƟĴňĔŅĶěńħĽƞĚĕƟŀĴŌĸŏıŊŗŀıŇěŅĶĦŅȮħńĚĬňŘ 

¶ L_kcqȮmdȮgrckȮ_lbȮ`pccbȮ_lbȮqskk_pwȮ&sq_ecȮ_lbȮglrclbcbȮsqc'ȮmdȮrfcȮbctcjmncbȮdmmb 

¶ KcrfmbȮmdȮeclmkcȮcbgrgleȮrcaflmjmewȮsqcbȮ_lbȮbcr_gjqȮmdȮkmbgƱa_rgml 

¶ Gldmpk_rgmlȮmlȮamlƱpk_rgmlȮrf_rȮrfcpcȮ_pcȮlmȮpck_glgleȮdmpcgelȮeclcqȮmpȮrfcgpȮn_prq 

¶ Gldmpk_rgmlȮmlȮamlƱpk_rgmlȮrf_rȮamlƱpkcbȮaf_lecqȮglȮBL?ȮbmȮlmrȮa_sqcȮnpmbsargmlȮmdȮ
lcuȮ_jjcpeclqȮf_tgleȮ_btcpqcȮcddcarqȮmlȮfsk_lȮfc_jrfȮmpȮglapc_qcȮmdȮilmulȮrmvgaȮ
qs`qr_lacqȮamlr_glcb 

¶ Gldmpk_rgmlȮmlȮaf_lecqȮglȮk_hmpȮamknmlclrqȮ&lsrpgclrȮamknmlclrqȮpcj_rcbȮrmȮrfcȮ
r_pecrȮkcr_`mjgaȮqwqrckȮdmpȮgrckqȮufgafȮkmbgƱa_rgmlȮ_ddcargleȮrfcȮkcr_`mjgaȮqwqrckȮ
u_qȮncpdmpkcbȮglȮmpbcpȮrmȮglapc_qcȮmpȮbcapc_qcȮqncagƱaȮamknmlclrq' 

¶ Wc_pȮ_lbȮkmlrfȮmdȮk_picrgle 

6, ĽŇĚėőĮĶƢ 
ĮĶŃŏĪĻĽŇĚėőĮĶƢĔņĔńĭħŌŐĸĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴőħĵŒĝƟĔġľĴŅĵĪňŗŀĵŌƞȮ&cvgqrgleȮ

j_u'ȮőħĵĴňŐĬĺĪŅĚĮĢŇĭńĨŇĽŀĚĶŌĮŐĭĭĽņľĶńĭĔŅĶŒĝƟŏĪėőĬőĸĵňȮEKȮŐĸŃįĸŇĨĳńĦĤƢěŅĔȮEKȮĪňŗĬņĴŅŒĝƟŏıŊŗŀŒľƟŐĬƞŒěĺƞŅ
ĴňĔŅĶĔņĔńĭħŌŐĸĪňŗŏıňĵĚıŀȮĞŉŗĚĔŅĶėĺĭėŋĴȮEKMqȮŒĬĽŇĚėőĮĶƢŏĔŇħěŅĔėĺŅĴıĵŅĵŅĴŐĸŃĔŅĶĮĶŃĽŅĬĚŅĬěŅĔľĸŅĵ
ľĬƞĺĵĚŅĬȮőħĵĴňėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅĔŅĶħńħŐĮĸĚıńĬīŋĔĶĶĴȮ&EclcrgaȮKmbgƱa_rgmlȮ?btgqmpwȮAmkkgrrccȮ+Ȯ
EK?A'ȮĪňŗĴňŀĚėƢĮĶŃĔŀĭěŅĔėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅěŅĔľĸŅĵľĬƞĺĵĚŅĬĪňŗœĴƞŒĝƞľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸȮĔƞŀĨńŘĚőħĵ
ĔĶŃĪĶĺĚĔŅĶėƟŅŐĸŃŀŋĨĽŅľĔĶĶĴȮŏĴŊŗŀĮƖȮė,Ļ,Ȯ/777ȮŒľƟėņŐĬŃĬņĪŅĚĺŇĪĵŅĻŅĽĨĶƢŏĔňŗĵĺĔńĭĔŅĶįĸŇĨȮĔŅĶĺŇěńĵȮĔŅĶŒĝƟȮ
ŐĸŃĔŅĶĮĸƞŀĵȮEKMqȮŒĬĽŇĚėőĮĶƢȮőħĵĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀŒľƟĴńŗĬŒěŒĬėĺŅĴĮĸŀħĳńĵĕŀĚĽŅīŅĶĦŃŒĬĕĦŃŏħňĵĺĔńĬ 
ĔŖĶńĔļŅĽĳŅıŐĺħĸƟŀĴĪňŗŏŀŊŘŀĨƞŀĔŅĶŐĽĺĚľŅįĸĮĶŃőĵĝĬƢĪŅĚĔŅĶėƟŅĕŀĚįĸŇĨĳńĦĤƢȮEKMqȮŐĸŃįĸŇĨĳńĦĤƢĪňŗœħƟěŅĔȮ
EKMȮĨŅĴĴŅĨĶģŅĬĽŅĔĸȮĞŉŗĚőėĶĚĽĶƟŅĚĕŀĚȮEK?AȮĪņĚŅĬŏĮƦĬĸņħńĭĕńŘĬįƞŅĬȮ/'ȮĔĶŃĪĶĺĚĔŅĶėƟŅŐĸŃŀŋĨĽŅľĔĶĶĴ
ĽŇĚėőĮĶƢȮ0'ȮľĬƞĺĵĚŅĬĽņľĶńĭĺŇĪĵŅĻŅĽĨĶƢȮŏĪėőĬőĸĵňŐĸŃĔŅĶĺŇěńĵȮ1'ȮėĦŃĔĶĶĴĔŅĶľĸńĔĕŀĚȮEK?AȮ 
2'ȮėĦŃŀĬŋĔĶĶĴĔŅĶĕŀĚȮEK?AȮĞŉŗĚŐĭƞĚĵƞŀĵĔŅĶĪņĚŅĬħƟŅĬħŌŐĸŏĜıŅŃŏĶŊŗŀĚȮœħƟŐĔƞȮ2,/'ȮėĦŃŀĬŋĔĶĶĴĔŅĶŏıŊŗŀ 
ĔŅĶĺŇěńĵŏĔňŗĵĺĔńĭȮEKMqȮ2,0'ȮėĦŃŀĬŋĔĶĶĴĔŅĶŏıŊŗŀėĺŅĴĨĶŃľĬńĔĶŌƟĕŀĚĮĶŃĝŅĝĬȮ2,1'ȮėĦŃŀĬŋĔĶĶĴĔŅĶĽņľĶńĭ 
ĔŅĶŏįĵŐıĶƞȮEKMqȮŐĸŃįĸŇĨĳńĦĤƢĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮEKMȮ2,2'ȮėĦŃŀĬŋĔĶĶĴĔŅĶĔŅĶĨŇħĜĸŅĔȮĞŉŗĚĭĪĭŅĪĕŀĚȮEK?AȮ
ėŊŀıńĥĬŅȮĶńĔļŅȮŐĸŃĮĶńĭĮĶŋĚŐĬĺĪŅĚĮĢŇĭńĨŇȮĪńŘĚŐĬĺĪŅĚĮĢŇĭńĨŇĕŀĚĽŇĚėőĮĶƢŒĬĮƖȮė,Ļ,Ȯ/777ȮĺƞŅħƟĺĵĔŅĶŏįĵŐıĶƞȮ
EKMqȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶŏĔļĨĶȮŐĸŃŐĬĺĪŅĚėĺŅĴĮĸŀħĳńĵĪŅĚĝňĺĳŅıĕŀĚĽŇĚėőĮĶƢĽņľĶńĭĔŅĶĺŇěńĵŏĔňŗĵĺĔńĭȮEKMqȮ
ĮƖȮė,Ļ,Ȯ0..4Ȯ&ĜĭńĭĮĶńĭĮĶŋĚȮė,Ļ,Ȯ0.0.'ȮŐĸŃĵńĚĪņľĬƟŅĪňŗĔņľĬħĔĸœĔŒĬĔŅĶĔņĔńĭħŌŐĸŐĭĭĮĶŃĽŅĬĚŅĬȮĪĭĪĺĬȮ 
ŒľƟėņŐĬŃĬņȮŐĸŃŐĬŃĬņŒĬĮĶŃŏħŖĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮEKMqȮŐĸŃŀņĬĺĵėĺŅĴĽŃħĺĔħƟŅĬĔŅĶĻŉĔļŅĽŅīŅĶĦŃŏĔňŗĵĺĔńĭ
ĮĶŃŏħŖĬȮEK 

7, ĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬ 
 ěňĬĴňĔŅĶĔņĔńĭħŌŐĸıŊĝħńħŐĮĸĚıńĬīŋĔĶĶĴĪńŘĚŒĬŏĶŊŗŀĚĔŅĶŐĽħĚĜĸŅĔįĸŇĨĳńĦĤƢħńħŐĮĸĚıńĬīŋĔĶĶĴĪńŘĚľĴħȮ
ĶĺĴĩŉĚȮŏĴĸŖħıńĬīŋƢıŊĝħńħŐĮĸĚıńĬīŋĔĶĶĴȮŀŅľŅĶĽńĨĺƢŐĸŃįĸŇĨĳńĦĤƢŀŅľŅĶĪňŗĴňıŊĝħńħŐĮĸĚıńĬīŋĔĶĶĴŏĮƦĬĽƞĺĬįĽĴȮ 
œĴƞĺƞŅěŃŏĮƦĬĽŇĬėƟŅĪňŗįĸŇĨĕŉŘĬŒĬěňĬľĶŊŀĬņŏĕƟŅěŅĔĨƞŅĚĮĶŃŏĪĻĔŖĨŅĴěŃĨƟŀĚœħƟĶńĭĔŅĶĶńĭĶŀĚėĺŅĴĮĸŀħĳńĵŐĸŃ 
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ĨŇħĜĸŅĔĪňŗĝńħŏěĬĔƞŀĬĔŅĶĺŅĚěņľĬƞŅĵȮŏıŊŗŀėĺŅĴĮĸŀħĳńĵĨƞŀĴĬŋļĵƢȮĽńĨĺƢŐĸŃĽŇŗĚŐĺħĸƟŀĴȮĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬ
ĵńĚœĴƞĴňĔġľĴŅĵĔņĔńĭħŌŐĸĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅěŅĔŏĪėőĬőĸĵňĔŅĶĮĶńĭŐĨƞĚěňőĬĴŏĮƦĬĔŅĶŏĜıŅŃȮŀĵŌƞĶŃľĺƞŅĚĔŅĶıńĥĬŅ
ĔġĶŃŏĭňĵĭȮ 

/., ĮĶŃŏĪĻœĪĵ 
ĮĶŃŏĪĻœĪĵĔņĔńĭħŌŐĸĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴőħĵŒĝƟĔġľĴŅĵĪňŗŀĵŌƞȮ&cvgqrgleȮj_u'Ȯ

ŀĵƞŅĚœĶĔŖħňȮĔŅĶŒĝƟĔġľĴŅĵŐĸŃĔġĶŃŏĭňĵĭĪňŗĴňŀĵŌƞŒĬĮƤěěŋĭńĬĕŀĚĮĶŃŏĪĻœĪĵŏıŊŗŀĔņĔńĭħŌŐĸĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚ
ıńĬīŋĔĶĶĴľĶŊŀĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅħƟĺĵĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&qwlrfcrgaȮ`gmjmew9ȮQwl@gm'ȮŏĮƦĬĮĶŃŏħŖĬŒľĴƞĽņľĶńĭ
ĮĶŃŏĪĻœĪĵȮěņŏĮƦĬĨƟŀĚŏĽĶŇĴĽĶƟŅĚĕňħėĺŅĴĽŅĴŅĶĩĪńŘĚľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸŐĸŃĳŅėŀŋĨĽŅľĔĶĶĴȮŏıŊŗŀŒľƟĴňĪńĔļŃŐĸŃ
ĮĶŃĽĭĔŅĶĦƢĽŅĴŅĶĩĭńĚėńĭŒĝƟĔġľĴŅĵœħƟŒľƟŏĔŇħėĺŅĴĽĴħŋĸĶŃľĺƞŅĚĔŅĶħŌŐĸėĺŅĴĮĸŀħĳńĵŐĸŃĔŅĶıńĥĬŅĕŀĚ
ĳŅėŀŋĨĽŅľĔĶĶĴȮħńĚĬňŘ 

ĕńŘĬĨŀĬ 
ĸńĔļĦŃ 

ĔŅĶŒĝƟĮĶŃőĵĝĬƢ 
ĔġľĴŅĵ/ĔġĶŃŏĭňĵĭ 
ĪňŗŒĝƟĔņĔńĭħŌŐĸ 

ŏĮƚŅľĴŅĵ 
ľĬƞĺĵĚŅĬ
ĶńĭįŇħĝŀĭ 

1. ĔĶŃĭĺĬĔŅĶ
įĸŇĨȮ&process)Ȯ 
ĪňŗŒĝƟěŋĸŇĬĪĶňĵƢ 
ĪňŗıńĥĬŅħƟĺĵȮ
Qwl@gm  

1.1 ěŋĸŇĬĪĶňĵƢĪňŗıńĥĬŅ
ħƟĺĵȮQwl@gm ŐĸŃ 
ĪňŗŀĵŌƞŒĬĶŅĵĔŅĶ 
ŏĝŊŘŀőĶėĨŅĴ 
ĴŅĨĶŅȮ18 ĕŀĚȮ
ı,Ķ,ĭ,ȮŏĝŊŘŀőĶėŐĸŃ
ıŇļěŅĔĽńĨĺƢȮ 

ı,Ķ,ĭ,ȮŏĝŊŘŀőĶėŐĸŃıŇļ
ěŅĔĽńĨĺƢ 
 

¶ ĽĬńĭĽĬŋĬŒľƟĴňĔġĶŃŏĭňĵĭ
ĽņľĶńĭĶŃħńĭŀŋĨĽŅľĔĶĶĴ 
ŏĮƦĬĔŅĶŏĜıŅŃ 

¶ ĔĶĴĺŇĪĵŅĻŅĽĨĶƢ 
ĔŅĶŐıĪĵƢ 

1.2 ěŋĸŇĬĪĶňĵƢĪňŗıńĥĬŅ
ħƟĺĵȮQwl@gm ŐĨƞ
œĴƞŀĵŌƞŒĬĶŅĵĔŅĶ
ŏĝŊŘŀőĶėȮ 

ėŌƞĴŊŀȮľĸńĔŏĔĦĤƢȮ
ŏĚŊŗŀĬœĕȮŐĸŃĺŇīňĮĢŇĭńĨŇ
ħƟŅĬėĺŅĴĮĸŀħĳńĵĪŅĚ
ĝňĺĳŅıȮĽņľĶńĭ
įŌƟĮĶŃĔŀĭĔŅĶőĶĚĚŅĬ
ŀŋĨĽŅľĔĶĶĴ 

¶ ĽĬńĭĽĬŋĬŒľƟŏĔŇħĔŅĶŒĝƟėŌƞĴŊŀ 
ŐĭĭĽĴńėĶŒěȮŏıŊŗŀħŌŐĸėĺŅĴ
ĮĸŀħĳńĵĪŅĚĝňĺĳŅıŐĸŃ 
œĴƞĔĶŃĪĭĨƞŀĔŅĶħņŏĬŇĬĚŅĬ
ĕŀĚĳŅėīŋĶĔŇě 
¶ ŏįĵŐıĶƞŐĸŃĮĶŃĝŅĽńĴıńĬīƢ
ĔġĶŃŏĭňĵĭŐĸŃĔĸœĔĔŅĶ
ĔņĔńĭħŌŐĸĔŅĶŒĝƟĮĶŃőĵĝĬƢ
ěŅĔěŋĸŇĬĪĶňĵƢĪňŗıńĥĬŅőħĵȮ
Qwl@gmȮŒĬĶŃħńĭ
ŀŋĨĽŅľĔĶĶĴ 

¶ ıńĥĬŅĔĸœĔŒľƟĮĶŉĔļŅŏĶŊŗŀĚ
ĔġĶŃŏĭňĵĭŐĸŃĔŅĶĭĶŇĔŅĶ
ěńħĔŅĶħƟŅĬėĺŅĴĮĸŀħĳńĵ
ĪŅĚĝňĺĳŅıŒľƟŐĔƞ
ĳŅėŏŀĔĝĬ 

¶ ĔĶĴőĶĚĚŅĬ
ŀŋĨĽŅľĔĶĶĴ 
¶ œĭőŀŏĪė-
ĽĺĪĝ,Ȯ 
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ĕńŘĬĨŀĬ 
ĸńĔļĦŃ 

ĔŅĶŒĝƟĮĶŃőĵĝĬƢ 
ĔġľĴŅĵ/ĔġĶŃŏĭňĵĭ 
ĪňŗŒĝƟĔņĔńĭħŌŐĸ 

ŏĮƚŅľĴŅĵ 
ľĬƞĺĵĚŅĬ
ĶńĭįŇħĝŀĭ 

¶ ı,Ķ,ĭ,ȮŀŅľŅĶȮ
&ĔĶĦňŏĮƦĬŀŅľŅĶ'Ȯ 
¶ ı,Ķ,ĭ,ȮėĺĭėŋĴ
ėŋĦĳŅıŀŅľŅĶĽńĨĺƢȮ
&ĔĶĦňŏĮƦĬŀŅľŅĶĽńĨĺƢ'Ȯ 
¶ ı,Ķ,ĭ,ȮĵŅȮ&ĔĶĦň
ŏĮƦĬĵŅľĶŊŀĺńėĞňĬ'Ȯ 
¶ ı,Ķ,ĭ,ȮŏėĶŊŗŀĚĽņŀŅĚȮ
&ĔĶĦňŏĮƦĬ
ŏėĶŊŗŀĚĽņŀŅĚ'Ȯ 

¶ ĽƞĚŏĽĶŇĴĔŅĶħņŏĬŇĬĔŅĶħƟŅĬ
ėĺŅĴĮĸŀħĳńĵĪŅĚĝňĺĳŅıȮ 
įƞŅĬĔŅĶĽĬńĭĽĬŋĬŒľƟŒĝƟėŌƞĴŊŀ
ħƟŅĬėĺŅĴĮĸŀħĳńĵĪŅĚ
ĝňĺĳŅıĕŀĚĔĶĴőĶĚĚŅĬ
ŀŋĨĽŅľĔĶĶĴėĺĭėŌƞœĮħƟĺĵȮ 
¶ ŏįĵŐıĶƞŐĸŃĮĶŃĝŅĽńĴıńĬīƢ
ĔġĶŃŏĭňĵĭŐĸŃĔĸœĔĔŅĶ
ĔņĔńĭħŌŐĸĔŅĶŒĝƟĮĶŃőĵĝĬƢ
ěŅĔěŋĸŇĬĪĶňĵƢĪňŗıńĥĬŅőħĵȮ
Qwl@gm ŒĬĶŃħńĭ
ŀŋĨĽŅľĔĶĶĴ 
¶ ıńĥĬŅĔĸœĔŒľƟĮĶŉĔļŅŏĶŊŗŀĚ
ĔġĶŃŏĭňĵĭŐĸŃĔŅĶĭĶŇĔŅĶ
ěńħĔŅĶħƟŅĬėĺŅĴĮĸŀħĳńĵ
ĪŅĚĝňĺĳŅıŒľƟŐĔƞ
ĳŅėŏŀĔĝĬ 

¶ ŀĵ, 
¶ ĔĶĴĮĻŋĽńĨĺƢ 
¶ œĭőŀŏĪė-ĽĺĪĝ,Ȯ 

2. įĸŇĨĳńĦĤƢȮ
&product)Ȯ 
ĪňŗįĸŇĨěŅĔ
ěŋĸŇĬĪĶňĵƢĪňŗ
ıńĥĬŅħƟĺĵȮ
Qwl@gm őħĵ
ŒĬįĸŇĨĳńĦĤƢ
œĴƞĴňěŋĸŇĬĪĶňĵƢ
ĪňŗĴňĝňĺŇĨŒĬ
įĸŇĨĳńĦĤƢȮ 

2.1 ŀŅľŅĶŐĸŃıĸŅĽĨŇĔ
ĝňĺĳŅıŏıŊŗŀĭĶĶěŋ
ŀŅľŅĶȮȮ 

ı,Ķ,ĭ,ȮŀŅľŅĶȮ ¶ ŏįĵŐıĶƞŐĸŃĮĶŃĝŅĽńĴıńĬīƢ
ĔġĶŃŏĭňĵĭŐĸŃĔĸœĔĔŅĶ
ĔņĔńĭħŌŐĸĔŅĶŒĝƟĮĶŃőĵĝĬƢ
ěŅĔěŋĸŇĬĪĶňĵƢĪňŗıńĥĬŅőħĵȮ
Qwl@gm ŒĬĶŃħńĭ
ŀŋĨĽŅľĔĶĶĴ 

¶ ŏĨĶňĵĴėĺŅĴıĶƟŀĴĕŀĚ
ľĬƞĺĵĚŅĬįŌƟĶńĭįŇħĝŀĭŒĬ
ĔŅĶĔņĔńĭħŌŐĸħƟŅĬėĺŅĴ
ĮĸŀħĳńĵĕŀĚįĸŇĨĳńĦĤƢěŅĔȮ
Qwl@gm 

 

¶ ŀĵ, 
¶ œĭőŀŏĪė-ĽĺĪĝ, 

2.2 ŀŅľŅĶĽńĨĺƢȮ ı,Ķ,ĭ,ȮėĺĭėŋĴ
ėŋĦĳŅıŀŅľŅĶĽńĨĺƢȮ 

¶ ĔĶĴĮĻŋĽńĨĺƢ 
¶ ĔĶĴĮĶŃĴĚ 
¶ œĭőŀŏĪė-ĽĺĪĝ, 

2.3ȮĵŅŐĸŃĺńėĞňĬ ı,Ķ,ĭ,ȮĵŅ ¶ ŀĵ, 
¶ œĭőŀŏĪė-ĽĺĪĝ, 

2.4 ŏėĶŊŗŀĚĽņŀŅĚ ı,Ķ,ĭ,ȮŏėĶŊŗŀĚĽņŀŅĚȮ ¶ ŀĵ, 
¶ œĭőŀŏĪė-ĽĺĪĝ, 

2.5 ĝňĺĳńĦĤƢĪŅĚ
ĔŅĶŏĔļĨĶ 

ı,Ķ,ĭ,ȮĺńĨĩŋŀńĬĨĶŅĵȮ ¶ ĔĶĴĺŇĝŅĔŅĶ
ŏĔļĨĶ 

¶ œĭőŀŏĪė-ĽĺĪĝ, 
2.6 ıĸŅĽĨŇĔĝňĺĳŅı 
ĪňŗœĴƞŒĝƞįĸŇĨĳńĦĤƢ
ĭĶĶěŋŀŅľŅĶȮȮ 

œĴƞĴňĔġľĴŅĵŐĸŃ
ĔġĶŃŏĭňĵĭĔņĔńĭħŌŐĸ
ħƟŅĬėĺŅĴĮĸŀħĳńĵ 
ĕŀĚįĸŇĨĳńĦĤƢŏĮƦĬ 
ĔŅĶŏĜıŅŃȮ 

¶ ĽĬńĭĽĬŋĬŒľƟŏĔŇħĔŅĶŒĝƟėŌƞĴŊŀ
ŐĭĭĽĴńėĶŒěȮŏıŊŗŀħŌŐĸ
ėĺŅĴĮĸŀħĳńĵĪŅĚĝňĺĳŅı

¶ ĔĶĴőĶĚĚŅĬ
ŀŋĨĽŅľĔĶĶĴ 

¶ œĭőŀŏĪė-ĽĺĪĝ, 
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ĕńŘĬĨŀĬ 
ĸńĔļĦŃ 

ĔŅĶŒĝƟĮĶŃőĵĝĬƢ 
ĔġľĴŅĵ/ĔġĶŃŏĭňĵĭ 
ĪňŗŒĝƟĔņĔńĭħŌŐĸ 

ŏĮƚŅľĴŅĵ 
ľĬƞĺĵĚŅĬ
ĶńĭįŇħĝŀĭ 

2.7 ŏŀĬœĞĴƢŏıŊŗŀ
ĺńĨĩŋĮĶŃĽĚėƢ 
ŒĬĔŅĶĲŀĔĔĶŃħŅļȮ
ĲŀĔľĬńĚȮľĶŊŀŀŊŗĬȮŕȮ
ĪňŗĴŇŒĝƞŏıŊŗŀĔŅĶ
ĭĶŇőĳėȮ 

œĴƞĴňĔġľĴŅĵŐĸŃ
ĔġĶŃŏĭňĵĭĔņĔńĭħŌŐĸ
ħƟŅĬėĺŅĴĮĸŀħĳńĵ 
ĕŀĚįĸŇĨĳńĦĤƢŏĮƦĬ 
ĔŅĶŏĜıŅŃȮ 

ŐĸŃœĴƞĔĶŃĪĭĨƞŀĔŅĶ
ħņŏĬŇĬĚŅĬĕŀĚĳŅėīŋĶĔŇě 

¶ ŏįĵŐıĶƞŐĸŃĮĶŃĝŅĽńĴıńĬīƢ
ĔġĶŃŏĭňĵĭŐĸŃĔĸœĔĔŅĶ
ĔņĔńĭħŌŐĸĔŅĶŒĝƟĮĶŃőĵĝĬƢ
ěŅĔěŋĸŇĬĪĶňĵƢĪňŗıńĥĬŅőħĵȮ
Qwl@gm ŒĬĶŃħńĭ
ŀŋĨĽŅľĔĶĶĴ 

¶ ıńĥĬŅĔĸœĔŒľƟĮĶŉĔļŅŏĶŊŗŀĚ
ĔġĶŃŏĭňĵĭŐĸŃĔŅĶĭĶŇĔŅĶ
ěńħĔŅĶħƟŅĬėĺŅĴĮĸŀħĳńĵ 
ĪŅĚĝňĺĳŅıŒľƟŐĔƞ
ĳŅėŏŀĔĝĬ 

¶ ĔĶĴőĶĚĚŅĬ
ŀŋĨĽŅľĔĶĶĴ 

¶ œĭőŀŏĪė-ĽĺĪĝ, 

2.8 ŏĝŊŘŀŏıĸŇĚĝňĺĳŅıȮ
ŏĝƞĬȮœĭőŀŏŀĪŅĬŀĸȮ 

œĴƞĴňĔġľĴŅĵŐĸŃ
ĔġĶŃŏĭňĵĭĔņĔńĭħŌŐĸ
ħƟŅĬėĺŅĴĮĸŀħĳńĵ 
ĕŀĚįĸŇĨĳńĦĤƢŏĮƦĬ 
ĔŅĶŏĜıŅŃȮ 

¶ ĔĶĴőĶĚĚŅĬ
ŀŋĨĽŅľĔĶĶĴ 

¶ œĭőŀŏĪė-ĽĺĪĝ, 

 
 ŐĬĺĪŅĚŒĬĔŅĶıńĥĬŅĔġĶŃŏĭňĵĭŐĸŃĔŅĶĔņĔńĭħŌŐĸŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&synthetic biology) 
ŒľƟŏľĴŅŃĽĴĔńĭĭĶŇĭĪĕŀĚĮĶŃŏĪĻœĪĵŐĸŃĔƟŅĺĪńĬŏĪėőĬőĸĵň 

ŒĬĮƤěěŋĭńĬȮŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&synthetic biology) ĔņĸńĚŏĨŇĭőĨŀĵƞŅĚĶĺħŏĶŖĺȮĴňĔŅĶıńĥĬŅŐĸŃ
ĺŇěńĵŒĬľĸŅĵħƟŅĬĪńŘĚŒĬĮĶŃŏĪĻœĪĵŐĸŃĪńŗĺőĸĔȮĔŅĶĬņįĸŇĨĳńĦĤƢĪňŗĴŅěŅĔŏĪėőĬőĸĵňħńĚĔĸƞŅĺœĮŒĝƟŒĬŏĝŇĚıŅĦŇĝĵƢȮ
ěņŏĮƦĬĨƟŀĚįƞŅĬĔŅĶĮĶŃŏĴŇĬėĺŅĴĮĸŀħĳńĵěŅĔľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸȮĔŅĶĮĶŃŏĴŇĬėĺŅĴĮĸŀħĳńĵĕŀĚőėĶĚĔŅĶ 
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮsynthetic biology ěŉĚŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗĽņėńĠȮŏıŊŗŀŒľƟŐĬƞŒěĺƞŅőėĶĚĔŅĶŏľĸƞŅĬňŘœĴƞĔƞŀŒľƟŏĔŇħŀńĬĨĶŅĵ
ĨƞŀĴĬŋļĵƢȮĽńĨĺƢȮŐĸŃĽŇŗĚŐĺħĸƟŀĴȮŀĵƞŅĚœĶĔŖĨŅĴȮĔĶŃĭĺĬĔŅĶĮĶŃŏĴŇĬĮƤěěŋĭńĬŀŅěŒĝƟŏĺĸŅĬŅĬȮŏĬŊŗŀĚěŅĔĨƟŀĚıŇěŅĶĦŅ
ĶŅĵĸŃŏŀňĵħľĸŅĵĮĶŃĔŅĶȮĔŅĶŒĝƟĔĶŃĭĺĬĔŅĶȮpre-assessmentȮėŊŀĕńŘĬĨŀĬĮĶŃŏĴŇĬŏĭŊŘŀĚĨƟĬĔƞŀĬĔŅĶĮĶŃŏĴŇĬěĶŇĚȮ
ŏĮƦĬŐĬĺĪŅĚľĬŉŗĚĪňŗĽŅĴŅĶĩĝƞĺĵĸħĶŃĵŃŏĺĸŅĔŅĶĮĶŃŏĴŇĬŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĕŀĚĔĶŃĭĺĬĔŅĶĮĶŃŏĴŇĬœħƟ 
ĺńĨĩŋĮĶŃĽĚėƢ 
¶ ŏıŊŗŀĸħĶŃĵŃŏĺĸŅĔŅĶĮĶŃŏĴŇĬėĺŅĴĮĸŀħĳńĵĕŀĚőėĶĚĔŅĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮsynthetic biology 
¶ ŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĮĶŃŏĴŇĬŐĸŃĔŅĶŏĨĶňĵĴėĺŅĴıĶƟŀĴĕŀĚįŌƟĮĶŃĔŀĭĔŅĶ 
¶ ŏıŊŗŀĽĬńĭĽĬŋĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅŒĬĽŅĕŅȮsynthetic biology őħĵœĴƞĸħĪŀĬĴŅĨĶģŅĬėĺŅĴĮĸŀħĳńĵ 

ĕńŘĬĨŀĬĔĶŃĭĺĬĔŅĶȮpre-assessment 
1. ĔŅĶĵŊŗĬĕŀȮpre-assessment: 

o įŌƟĮĶŃĔŀĭĔŅĶĵŊŗĬėņĕŀȮPre-assessment ıĶƟŀĴĕƟŀĴŌĸıŊŘĬģŅĬĕŀĚőėĶĚĔŅĶȮŏĝƞĬȮĺńĨĩŋĮĶŃĽĚėƢȮĺŇīňĔŅĶ
ıńĥĬŅįĸŇĨĳńĦĤƢŐĸŃĔĶŃĭĺĬĔŅĶįĸŇĨȮŐĸŃįĸŇĨĳńĦĤƢĪňŗėŅħľĺńĚ 

2. ĔŅĶĨĶĺěĽŀĭŏŀĔĽŅĶŏĭŊŘŀĚĨƟĬ: 
o ľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸĨĶĺěĽŀĭĕƟŀĴŌĸŏĭŊŘŀĚĨƟĬŐĸŃŒľƟėņŐĬŃĬņŏĭŊŘŀĚĨƟĬŏĔňŗĵĺĔńĭĕƟŀĔņľĬħŐĸŃĴŅĨĶģŅĬ 
ĪňŗĨƟŀĚĮĢŇĭńĨŇ 
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3. ĔŅĶĮĶŃĝŋĴȮpre-assessment: 
o ěńħĮĶŃĝŋĴĶŃľĺƞŅĚįŌƟĮĶŃĔŀĭĔŅĶŐĸŃįŌƟĮĶŃŏĴŇĬŏıŊŗŀŀīŇĭŅĵĶŅĵĸŃŏŀňĵħŏıŇŗĴŏĨŇĴȮŐĸŃĶńĭėņŐĬŃĬņ 
ĪňŗĝńħŏěĬěŅĔįŌƟĮĶŃŏĴŇĬ 

4. ĔŅĶěńħĪņĶŅĵĚŅĬȮpre-assessment: 
o ľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸěńħĪņĶŅĵĚŅĬȮpre-assessment ĪňŗĮĶŃĔŀĭħƟĺĵėņŐĬŃĬņŐĸŃĕƟŀŏĽĬŀŐĬŃŒĬĔŅĶ
ŏĨĶňĵĴŏŀĔĽŅĶŐĸŃĕƟŀĴŌĸĽņľĶńĭĔŅĶĮĶŃŏĴŇĬěĶŇĚ 

5. ĔŅĶĨŇħĨŅĴŐĸŃŒľƟėņĮĶŉĔļŅ: 
o ŒľƟėņĮĶŉĔļŅŏıŇŗĴŏĨŇĴŐĔƞįŌƟĮĶŃĔŀĭĔŅĶĨŅĴėĺŅĴěņŏĮƦĬȮŏıŊŗŀŒľƟŐĬƞŒěĺƞŅĔŅĶħņŏĬŇĬĔŅĶŏĮƦĬœĮĨŅĴėņŐĬŃĬņ 

ĮĶŃőĵĝĬƢĪňŗėŅħľĺńĚ 
¶ ĔŅĶĸħĶŃĵŃŏĺĸŅĔŅĶĮĶŃŏĴŇĬ: ħƟĺĵėņŐĬŃĬņŏĭŊŘŀĚĨƟĬȮįŌƟĮĶŃĔŀĭĔŅĶĽŅĴŅĶĩŏĨĶňĵĴŏŀĔĽŅĶŐĸŃĕƟŀĴŌĸ 
œħƟĩŌĔĨƟŀĚŐĸŃėĶĭĩƟĺĬĨńŘĚŐĨƞŐĶĔȮĪņŒľƟĔĶŃĭĺĬĔŅĶĮĶŃŏĴŇĬěĶŇĚĶĺħŏĶŖĺĕŉŘĬ 

¶ ĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅı: ĔŅĶŒľƟėņŐĬŃĬņŏĭŊŘŀĚĨƟĬěŃĝƞĺĵĸħėĺŅĴįŇħıĸŅħŐĸŃėĺŅĴĞŘņĞƟŀĬŒĬŏŀĔĽŅĶŐĸŃ
ĕƟŀĴŌĸĪňŗĵŊŗĬĕŀĮĶŃŏĴŇĬ 

¶ ĔŅĶĽĬńĭĽĬŋĬĔŅĶıńĥĬŅ: ĔŅĶĸħĶŃĵŃŏĺĸŅĔŅĶĮĶŃŏĴŇĬŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĮĶŃŏĴŇĬěŃĝƞĺĵĽĬńĭĽĬŋĬ
ĔŅĶĺŇěńĵŐĸŃıńĥĬŅŒĬĽŅĕŅȮsynthetic biology 

ĔŅĶĬņœĮŒĝƟ 
¶ ĔŅĶĬņŏĽĬŀŐĬĺėŇħ: 

o ěńħĮĶŃĝŋĴĶƞĺĴĔńĭľĬƞĺĵĚŅĬĪňŗŏĔňŗĵĺĕƟŀĚŏıŊŗŀŏĽĬŀŐĬĺėŇħŐĸŃĶńĭĲƤĚėĺŅĴėŇħŏľŖĬ 
o ĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶĨŅĴėĺŅĴėŇħŏľŖĬŐĸŃĕƟŀŏĽĬŀŐĬŃĪňŗœħƟĶńĭ 

¶ ĔŅĶĬņĶƞŀĚ: 
o ŏĸŊŀĔőėĶĚĔŅĶĬņĶƞŀĚŏıŊŗŀĪħĸŀĚŒĝƟĔĶŃĭĺĬĔŅĶȮpre-assessment ŐĸŃŏĔŖĭĕƟŀĴŌĸŏıŊŗŀĨŇħĨŅĴįĸ 

¶ ĔŅĶĮĶŃŏĴŇĬŐĸŃĮĶńĭĮĶŋĚ: 
o ĮĶŃŏĴŇĬįĸĔŅĶħņŏĬŇĬĔŅĶĬņĶƞŀĚŐĸŃĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶĨŅĴįĸĔŅĶĮĶŃŏĴŇĬ 
o ĕĵŅĵĔŅĶŒĝƟĔĶŃĭĺĬĔŅĶȮpre-assessment ĔńĭőėĶĚĔŅĶŀŊŗĬȮŕȮĨŅĴėĺŅĴŏľĴŅŃĽĴ 
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ĽĶŋĮ  
ĔŅĶŒĝƟĔĶŃĭĺĬĔŅĶȮpre-assessment ŒĬĔŅĶĮĶŃŏĴŇĬėĺŅĴĮĸŀħĳńĵĕŀĚőėĶĚĔŅĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮsynthetic 

biology ŏĮƦĬŐĬĺĪŅĚĪňŗĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĸħĶŃĵŃŏĺĸŅĔŅĶĮĶŃŏĴŇĬŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏĨĶňĵĴėĺŅĴıĶƟŀĴ
ĕŀĚįŌƟĮĶŃĔŀĭĔŅĶȮĞŉŗĚěŃĝƞĺĵĽĬńĭĽĬŋĬĔŅĶıńĥĬŅŐĸŃĔŅĶĺŇěńĵŒĬĽŅĕŅĬňŘŒĬĮĶŃŏĪĻœĪĵ 
ĕƟŀŏĽĬŀŐĬŃ  

 ĮĶŃŏħŖĬĔġĶŃŏĭňĵĭŐĸŃĔŅĶĔņĔńĭħŌŐĸĪňŗėĺĶıŇěŅĶĦŅŒĬĔŅĶıńĥĬŅŐįĬĪňŗĬņĪŅĚ 
1. ĔŅĶĮĶŃŏĴŇĬėĺŅĴŏĽňŗĵĚŐĸŃĔŅĶěńħĔŅĶėĺŅĴŏĽňŗĵĚ: 

o ŒĝƟľĸńĔŏĔĦĤƢĔŅĶĮĶŃŏĴŇĬėĺŅĴŏĽňŗĵĚĪňŗĴňŀĵŌƞŒĬĮƤěěŋĭńĬŒĬĔŅĶĔņĔńĭħŌŐĸȮsynthetic biology ŐĸŃıŇěŅĶĦŅ
ĔŅĶıńĥĬŅĔĶŀĭĔŅĶĮĶŃŏĴŇĬėĺŅĴŏĽňŗĵĚŏıŇŗĴŏĨŇĴĽņľĶńĭŏĪėőĬőĸĵňŒľĴƞȮŕ 

o ĔŅĶŒĝƟĴŅĨĶĔŅĶĔŅĶĮƚŀĚĔńĬŏıŊŗŀěńħĔŅĶĔńĭėĺŅĴĔƟŅĺľĬƟŅĪŅĚĺŇĪĵŅĻŅĽĨĶƢŒĬĕĦŃĪňŗĵńĚėĚĽƞĚŏĽĶŇĴĔŅĶĺŇěńĵ
ŐĸŃĬĺńĨĔĶĶĴ 

2. ĔŅĶıńĥĬŅŐĸŃĔŅĶĪĭĪĺĬĔġĶŃŏĭňĵĭ: 
o ıŇěŅĶĦŅĔŅĶĮĶńĭĮĶŋĚĔġĶŃŏĭňĵĭŒľƟĪńĬĽĴńĵŐĸŃĨŀĭĽĬŀĚĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚŏĪėőĬőĸĵň 
o ĨŇħĨŅĴėĺŅĴĔƟŅĺľĬƟŅŐĸŃĔŅĶıńĥĬŅŏĪėőĬőĸĵňŒľĴƞȮŕȮŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 

3. ĔŅĶĽĶƟŅĚėĺŅĴĶƞĺĴĴŊŀĶŃľĺƞŅĚĮĶŃŏĪĻ: 
o ĔŅĶĶƞĺĴĴŊŀĔńĭŀĚėƢĔĶŐĸŃĮĶŃŏĪĻŀŊŗĬȮŕȮŏıŊŗŀŐĸĔŏĮĸňŗĵĬĕƟŀĴŌĸŐĸŃŐĬĺĪŅĚĮĢŇĭńĨŇĪňŗħňŒĬĔŅĶĔņĔńĭħŌŐĸȮ

synthetic biology 
o ĔŅĶŏĕƟŅĶƞĺĴŐĸŃĴňĽƞĺĬĶƞĺĴŒĬĔŅĶŀĳŇĮĶŅĵĶŃľĺƞŅĚĮĶŃŏĪĻŏĔňŗĵĺĔńĭĔŅĶĔņĔńĭħŌŐĸȮsynthetic biology 

4. ĔŅĶŏĽĶŇĴĽĶƟŅĚėĺŅĴĨĶŃľĬńĔŐĸŃĔŅĶĻŉĔļŅ: 
o ĔŅĶŒľƟĕƟŀĴŌĸŐĸŃĽĶƟŅĚėĺŅĴĨĶŃľĬńĔŒĬľĴŌƞĮĶŃĝŅĝĬŐĸŃįŌƟĴňĽƞĺĬœħƟĽƞĺĬŏĽňĵŏĔňŗĵĺĔńĭėĺŅĴĽņėńĠĕŀĚ 
ĔŅĶĔņĔńĭħŌŐĸȮsynthetic biology 

o ĔŅĶěńħİƗĔŀĭĶĴŐĸŃıńĥĬŅĪńĔļŃĽņľĶńĭĬńĔĺŇěńĵŐĸŃįŌƟŏĔňŗĵĺĕƟŀĚŒĬĔŅĶĮĶŃŏĴŇĬŐĸŃěńħĔŅĶėĺŅĴŏĽňŗĵĚ 
Ȯ 
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3. ĽĩŅĬĳŅıĔŅĶŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚőĸĔŐĸŃĮĶŃŏĪĻœĪĵȮ 
 

ĪŇĻĪŅĚėĺŅĴĨƟŀĚĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĮƦĬĕƟŀĴŌĸĽņėńĠŒĬĔŅĶ
ĔņľĬħĪŇĻĪŅĚĔŅĶıńĥĬŅŏĪėőĬőĸĵňĨĸŀħěĬĔŅĶĽĶƟŅĚĶŃĭĭĬŇŏĺĻĪňŗĽƞĚŏĽĶŇĴĔŅĶŏĶƞĚĶńħıńĥĬŅŒľƟŏĔŇħĔŅĶĽĶƟŅĚ
ėĺŅĴĽŅĴŅĶĩŐĸŃŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňħńĚĔĸƞŅĺȮőħĵŏĬŊŘŀľŅŒĬĭĪĬňŘŏĮƦĬĔŅĶĬņŏĽĬŀĽĩŅĬĳŅıŐĬĺőĬƟĴ 
ĔŅĶŏĨŇĭőĨĕŀĚĨĸŅħŐĸŃĔŅĶĕĵŅĵĨńĺĕŀĚĔŅĶĸĚĪŋĬĕŀĚőĸĔȮĽņľĶńĭĮĶŃŏĪĻœĪĵŏĮƦĬĔŅĶĬņŏĽĬŀĽĩŅĬĳŅıĕŀĚīŋĶĔŇě
ĪňŗĴňĻńĔĵĳŅıŒĬĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔėĺŅĴĔƟŅĺľĬƟŅĪŅĚŏĪėőĬőĸĵňħńĚĔĸƞŅĺȮŐĸŃĨńĺŀĵƞŅĚĕŀĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵň
ħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 

3.1 ĽĩŅĬĳŅıŐĸŃŐĬĺőĬƟĴĔŅĶĨĸŅħįĸŇĨĳńĦĤƢŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚőĸĔ 

 ŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴňĻńĔĵĳŅıŒĬĔŅĶıńĥĬŅŏĻĶļģĔŇěĝňĺĳŅıŒľƟŏĨŇĭőĨŀĵƞŅĚĵńŗĚĵŊĬȮȮĪńŘĚĬňŘĴňĔŅĶėŅħĺƞŅ
ĴŌĸėƞŅĨĸŅħĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚőĸĔěŃŏıŇŗĴěŅĔȮ/1,2ȮıńĬĸƟŅĬŏľĶňĵĠĽľĶńģŒĬĮƖȮı,Ļ,Ȯ0343ȮŏıŇŗĴŏĮƦĬȮ//4ȮıńĬĸƟŅĬ
ŏľĶňĵĠĽľĶńģŒĬĮƖȮı,Ļ,Ȯ0353ȮȮőħĵĴňŀńĨĶŅĔŅĶĕĵŅĵĨńĺĶƟŀĵĸŃȮ06ȮĶŃľĺƞŅĚĮƖȮı,Ļ,Ȯ0343+0353ȮȮ&NpcacbclacȮ
Pcqc_paf*Ȯ0.01'37ȮŐĸŃĴňĻńĔĵĳŅıěŃŏıŇŗĴŏĮƦĬȮ5..ȮıńĬĸƟŅĬŏľĶňĵĠĽľĶńģŒĬĮƖȮı,Ļ,Ȯ0361Ȯ&AQGPM*0.0/'38Ȯ 
 

 
ĶŌĮĪňŗȮ1+/8ȮĴŌĸėƞŅĨĸŅħĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚőĸĔ 
ĪňŗĴŅ8ȮȮNpcacbclacȮPcqc_paf*Ȯ0.01 

 

 
37 Precedence Research (2023) Synthetic Biology Market-  Global Market Size, Share, Trends Analysis, Segment Forecast, 
Regional Outlook 2023 - 2032 
38 Williams, G. et al (2021) A National Synthetic Biology Roadmap: Identifying commercial and economic opportunities for 
Australia., Commonwealth Scientific and Industrial Research Organisation (CSIRO)  
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 ĨĸŅħĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĽŅĴŅĶĩěņŐĬĔœħƟŏĮƦĬȮ1ȮĔĸŋƞĴȮœħƟŐĔƞȮ/'ȮĔĸŋƞĴŏĪėőĬőĸĵňȮ&rcaflmjmegcq'ȮȮ 
0'ȮĔĸŋƞĴįĸŇĨĳńĦĤƢȮ&npmbsarq'ȮȮŐĸŃȮ1'ȮĔĸŋƞĴĕŀĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮ&_nnjga_rgmlq'ȮŏĪėőĬőĸĵňħńĚĔĸƞŅĺȮħńĚĬňŘȮ 

 /'ȮĨĸŅħĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěņŐĬĔĨŅĴĮĶŃŏĳĪĕŀĚŏĪėőĬőĸĵňȮŏĪėőĬőĸĵňȮPCR ŏĮƦĬŏĪėőĬőĸĵňĪňŗĴňĽƞĺĬŐĭƞĚ
ĨĸŅħĽŌĚĽŋħĮĶŃĴŅĦĶƟŀĵĸŃȮ28  ĕŀĚĴŌĸėƞŅĨĸŅħĮƖȮı,Ļ,Ȯ2565ȮŏĪėőĬőĸĵňŒĬĔĸŋƞĴĬňŘėŅħĺƞŅěŃĵńĚėĚŏĨŇĭőĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚ
ŏĬŊŗŀĚěŅĔėĺŅĴœħƟŏĮĶňĵĭĕŀĚŏĪėőĬőĸĵňĪňŗĨĶĺěěńĭœħƟŀĵƞŅĚŐĴƞĬĵņŐĸŃĴňėĺŅĴœĺĪňŗħňŏĵňŗĵĴȮŏŀŊŘŀĨƞŀĔŅĶĬņĴŅĮĶŃĵŋĔĨƢŒĝƟ 
ŒĬĔŅĶĺŇĬŇěĜńĵŒĬĶŃħńĭőĴŏĸĔŋĸŏıŊŗŀĔŅĶĶńĔļŅŏĝŇĚĮƚŀĚĔńĬŐĸŃĵńĚŏĮƦĬŏĪėőĬőĸĵňěņŏĮƦĬŒĬĔŅĶĺŇěńĵħƟŅĬŀĬŌĝňĺĺŇĪĵŅĪŋĔĶŌĮŐĭĭȮ
őħĵĴňĔŅĶėŅħĔŅĶĦƢĺƞŅĨĸŅħĕŀĚŏĪėőĬőĸĵňȮPCR ěŃŏĨŇĭőĨěŅĔȮ3.75 ıńĬĸƟŅĬŏľĶňĵĠĽľĶńģŒĬĮƖȮı,Ļ,Ȯ2565 ȮŏıŇŗĴŏĮƦĬȮ
33.15 ıńĬĸƟŅĬŏľĶňĵĠĽľĶńģŒĬĮƖȮı,Ļ,Ȯ2575 ȮĽņľĶńĭŏĪėőĬőĸĵňĔŅĶĮĶńĭŐĨƞĚěňőĬĴȮ&genome editing technology) 
œħƟĶńĭĔŅĶėŅħĔŅĶĦƢĺƞŅěŃĴňŀńĨĶŅĔŅĶŏĨŇĭőĨĽŌĚŏĝƞĬĔńĬȮĴňĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňħńĚĔĸƞŅĺŏıŊŗŀĔŅĶĮƚŀĚĔńĬŐĸŃĶńĔļŅőĶė
ĕŀĚĴĬŋļĵƢŐĭĭěņŏıŅŃȮȮĬŀĔěŅĔĬňŘȮĵńĚĴňĔŅĶĬņœĮĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶŏĔļĨĶȮŏĮƦĬĨƟĬĺƞŅĔŅĶĮĶńĭĮĶŋĚıńĬīŋƢŏıŊŗŀŒľƟœħƟĸńĔļĦŃ
ıńĬīŋƢıŊĝľĶŊŀĽńĨĺƢĪňŗĨƟŀĚĔŅĶœħƟŀĵƞŅĚŐĴƞĬĵņȮőħĵėŅħĺƞŅŏĪėőĬőĸĵňĔŅĶĮĶńĭŐĨƞĚěňőĬĴěŃĴňĴŌĸėƞŅĨĸŅħŏıŇŗĴĕŉŘĬěŅĔȮ 
2.41 ȮıńĬĸƟŅĬŏľĶňĵĠĽľĶńģŒĬĮƖ ı,Ļ,Ȯ2565 ȮŏıŇŗĴŏĮƦĬȮ21.95 ıńĬĸƟŅĬŏľĶňĵĠĽľĶńģŒĬĮƖȮı,Ļ, 2575ȮȮ 
 

 
ĶŌĮĪňŗȮ1+08ȮŀńĨĶŅĔŅĶŏĨŇĭőĨĕŀĚĴŌĸėƞŅĨĸŅħĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚőĸĔěņŐĬĔĨŅĴĮĶŃŏĳĪŏĪėőĬőĸĵň 

ĪňŗĴŅ8ȮNpcacbclacȮPcqc_paf*Ȯ0.01 
 
 0'ȮĨĸŅħĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěņŐĬĔĨŅĴĮĶŃŏĳĪĕŀĚįĸŇĨĳńĦĤƢȮįĸŇĨĳńĦĤƢĪňŗĴňŀńĨĶŅĔŅĶŏĨŇĭőĨĽŌĚȮėŊŀȮȮ 
őŀĸŇőĔĬŇĺėĸňőŀœĪħƢȮ&Mjgemlsajcmrgbcq'ȮĪňŗŒĝƟĪħĽŀĭĸńĔļĦŃĪŅĚıńĬīŋĔĶĶĴŐĸŃĚŅĬħƟŅĬĬŇĨŇĺŇĪĵŅĻŅĽĨĶƢȮĔŅĶŒĝƟĚŅĬ
ĪňŗŏıŇŗĴĕŉŘĬĴŅĔĽŅŏľĨŋľĸńĔŏĔŇħěŅĔėƞŅŒĝƟěƞŅĵŒĬĔŅĶĽńĚŏėĶŅŃľƢĸņħńĭĕŀĚőŀĸŇőĔĬŇĺėĸňőŀœĪħƢĪňŗĸħĸĚĴŅĔȮŏľĸŊŀĮĶŃĴŅĦȮ 
6ȮŏĞĬĨƢĨƞŀŏĭĽȮ&ľĶŊŀĮĶŃĴŅĦȮ1ȮĭŅĪ-ŏĭĽ'ȮĴňĔŅĶėŅħĔŅĶĦƢĺƞŅĴŌĸėƞŅĨĸŅħĕŀĚőŀĸŇőĔĬŇĺėĸňőŀœĪħƢěŃŏıŇŗĴěŅĔȮ 
2,54ȮıńĬĸƟŅĬŏľĶňĵĠĽľĶńģŒĬĮƖȮı,Ļ,Ȯ0343ȮȮŏĮƦĬȮ20,65ȮıńĬĸƟŅĬŏľĶňĵĠĽľĶńģŒĬĮƖȮı,Ļ,Ȯ0353ȮȮįĸŇĨĳńĦĤƢĪňŗĴňĽƞĺĬŐĭƞĚ
ĨĸŅħĶŀĚĸĚĴŅȮėŊŀȮŏŀĬœĞĴƢĪňŗŏĨŇĭőĨěŅĔėĺŅĴĨƟŀĚĔŅĶĬņœĮŒĝƟĪħŐĪĬĽŅĶŏėĴňŒĬĔĶŃĭĺĬĔŅĶįĸŇĨȮĶĺĴĩŉĚħƟĺĵ
ėŋĦĽĴĭńĨŇĪňŗħňĨƞŀĽŇŗĚŐĺħĸƟŀĴĽƞĚŒľƟĨĸŅħŏĨŇĭőĨŀĵƞŅĚĶĺħŏĶŖĺěŅĔȮ1,13ȮıńĬĸƟŅĬŏľĶňĵĠĽľĶńģŒĬĮƖȮı,Ļ,Ȯ0343ȮŏıŇŗĴŏĮƦĬȮ
07,1.ȮıńĬĸƟŅĬŏľĶňĵĠĽľĶńģŒĬĮƖȮı,Ļ,Ȯ0353 
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ĶŌĮĪňŗȮ1+18ȮŀńĨĶŅĔŅĶŏĨŇĭőĨĕŀĚĴŌĸėƞŅĨĸŅħĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚőĸĔěņŐĬĔĨŅĴĮĶŃŏĳĪįĸŇĨĳńĦĤƢ 
ĪňŗĴŅȮ8ȮȮNpcacbclacȮPcqc_paf*Ȯ0.01 

 

1) ĨĸŅħĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěņŐĬĔĨŅĴĔŅĶĬņŏĪėőĬőĸĵňœĮĮĶŃĵŋĔĨƢŒĝƟȮȮŀŋĨĽŅľĔĶĶĴĽŋĕĳŅıŐĸŃĔŅĶŐıĪĵƢ
ŏĮƦĬĔĸŋƞĴĪňŗĴňĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňħńĚĔĸƞŅĺĪňŗľĸŅĔľĸŅĵȮŏĝƞĬȮĔŅĶĨĶĺěĺŇĬŇěĜńĵőĶėȮĔŅĶĺŇĬŇěĜńĵĔŅĶĨŇħŏĝŊŘŀȮ 
ĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢŏıŊŗŀĽĶƟŅĚĳŌĴŇėŋƟĴĔńĬŒľƟĔńĭįŌƟĮƙĺĵȮŏĝƞĬȮĔŅĶĬņŏĪėőĬőĸĵňȮChimeric Antigen Receptor (CAR) ĪňŗĽĶƟŅĚ
ŐŀĬĨŇŏěĬŐĸŃĬņœĮĮĸŌĔĩƞŅĵŒľƟĔńĭŏĞĸĸƢŏıŊŗŀĽĶƟŅĚĳŌĴŇėŋƟĴĔńĬŒľƟĔńĭįŌƟĮƙĺĵőĶėĴŃŏĶŖĚȮĶĺĴĩŉĚĬņœĮıńĥĬŅŏĮƦĬĵŅĝĬŇħŒľĴƞȮ
ĽņľĶńĭŀŋĨĽŅľĔĶĶĴŀŊŗĬȮŕȮŏĝƞĬȮŀŋĨĽŅľĔĶĶĴŏĔļĨĶȮľĶŊŀŏėĴňĝňĺĳŅıĴňĔŅĶŀńĨĶŅĔŅĶŒĝƟĮĶŃőĵĝĬƢŏıŇŗĴĕŉŘĬŏĝƞĬĔńĬőħĵĴňĔŅĶ
ėŅħĔŅĶĦƢĺƞŅŒĬĮƖȮı,Ļ,Ȯ2575 ĨĸŅħěŃĴňĴŌĸėƞŅȮ52.67 ıńĬĸƟŅĬŏľĶňĵĠĽľĶńģ 

 

 
ĶŌĮĪňŗȮ1+28ȮŀńĨĶŅĔŅĶŏĨŇĭőĨĕŀĚĴŌĸėƞŅĨĸŅħĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚőĸĔěņŐĬĔĨŅĴĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵň 

ĪňŗĴŅȮ8ȮȮNpcacbclacȮPcqc_paf*Ȯ0.01 
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įĸŇĨĳńĦĤƢŒĬĔĸŋƞĴŏıŅŃŏĸňŘĵĚŏĬŊŘŀŏıŊŗŀĔŅĶĭĶŇőĳėěŅĔŏĞĸĸƢȮ&cultured meat) ŏĮƦĬįĸŇĨĳńĦĤƢĪňŗŒĝƟŏĪėőĬőĸĵň 
ħƟŅĬȮsynthetic biology ĪňŗĴňėĺŅĴĔƟŅĺľĬƟŅĴŅĔĪňŗĽŋħĶŀĚěŅĔįĸŇĨĳńĦĤƢĪŅĚĔŅĶŐıĪĵƢȮėĺŅĴĪƟŅĪŅĵĽņėńĠĕŀĚĔŅĶįĸŇĨŒĬ
ĶŃħńĭıŅĦŇĝĵƢėŊŀĔŅĶĸħĨƟĬĪŋĬĔŅĶįĸŇĨȮĔŅĶĽĶƟŅĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĕĵŅĵĔņĸńĚĔŅĶįĸŇĨĪńŘĚŒĬĶŃħńĭľƟŀĚĮĢŇĭńĨŇĔŅĶŐĸŃ
ĶŃħńĭŀŋĨĽŅľĔĶĶĴȮĔŅĶĮĢŇĭńĨŇĨŅĴĔġĶŃŏĭňĵĭĪňŗŏĔňŗĵĺĕƟŀĚȮĶĺĴœĮĩŉĚėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħĞŉŗĚĮƤěěŋĭńĬŀŅěĴňėƞŀĬĕƟŅĚěņĔńħȮ 
 

 
 

ĶŌĮĪňŗȮ1+38ȮėĺŅĴĪƟŅĪŅĵĕŀĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 
ĪňŗĴŅȮ8ȮȮ@AEȮGlrcptgcuqȮ_lbȮpcqc_paf*Ȯ0.00 

 
ĨĸŅħĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢľĸńĔĮƤěěŋĭńĬŀĵŌƞŒĬĪĺňĮŀŏĴĶŇĔŅŏľĬŊŀȮĶŀĚĸĚĴŅœħƟŐĔƞȮĪĺňĮĵŋőĶĮȮĪĺňĮŏŀŏĝňĵȮŐĸŃ

ŐĮĞŇĲƕĔȮŀĵƞŅĚœĶĔŖħňȮĴňĔŅĶėŅħĔŅĶĦƢĺƞŅĨĸŅħŏŀŏĝňĵŐĸŃŐĮĞŇĲƕĔěŃĴňĔŅĶŏĨŇĭőĨĽŌĚĽŌħȮőħĵĮƖ ı,Ļ,Ȯ2575 ĴňĔŅĶėŅħĔŅĶĦƢĺƞŅ
ĴŌĸėƞŅĨĸŅħĕŀĚĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚŏŀŏĝňĵĨŃĺńĬŀŀĔěŃĴňĴŌĸėƞŅȮ1/,20ȮıńĬĸƟŅĬŏľĶňĵĠĽľĶńģőħĵŏıŇŗĴĕŉŘĬěŅĔ 
ĮƖȮı,Ļ,0343ȮĽŌĚĩŉĚȮ/.ȮŏĪƞŅĨńĺȮȮ 

 
ĶŌĮĪňŗȮ1+48ȮĨĸŅħĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪňŗĽņėńĠĕŀĚőĸĔ 
ĪňŗĴŅȮ8ȮȮNpcacbclacȮPcqc_paf*Ȯ0.01 
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?prfspȮBȮJgrrjcȮ&0.02'Ȯ39ȮĽņĶĺěėĺŅĴŏľŖĬěŅĔįŌƟŏĝňŗĵĺĝŅĠĪńŗĺőĸĔŏĔňŗĵĺĔńĭŀŋĨĽŅľĔĶĶĴĪňŗėŅħĺƞŅěŃœħƟĶńĭ
ĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬĶŃĵŃȮ/.ȮĮƖĕƟŅĚľĬƟŅȮőħĵĶƟŀĵĸŃȮ04ȮĕŀĚįŌƟĨŀĭĶŃĭŋĺƞŅĽŅĕŅĽŋĕĳŅıŐĸŃ
ĝňĺĺŇĪĵŅĻŅĽĨĶƢŏĮƦĬĽŅĕŅĪňŗěŃœħƟĶńĭĮĶŃőĵĝĬƢĴŅĔĪňŗĽŋħȮĶŀĚĸĚĴŅȮœħƟŐĔƞȮĽŅĕŅŀŅľŅĶŐĸŃĔŅĶŏĔļĨĶȮ&ĶƟŀĵĸŃȮ0/'Ȯ
ĽŅĕŅŀŋĨĽŅľĔĶĶĴĔŅĶįĸŇĨȮŏėĴňĳńĦĤƢȮŐĸŃĺńĽħŋȮ&ĶƟŀĵĸŃȮ/6'ȮħńĚĶŌĮĪňŗȮ1+5 

  

  
ĶŌĮĪňŗȮ1+58ȮĽŅĕŅĪňŗėŅħĺƞŅěŃœħƟĶńĭĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 
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 ŏĴŊŗŀĬņĨńĺŀĵƞŅĚĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴŅěńħĨŅĴȮE_prlcp+rwncȮawajcȮěņŐĬĔ
ĨŅĴĽŅĕŅȮĽĶŋĮœħƟħńĚĬňŘ 
 ĽŅĕŅĽŋĕĳŅıŐĸŃĝňĺĺŇĪĵŅĻŅĽĨĶƢȮœħƟŐĔƞȮĔŅĶŒĝƟőĴőĬőėĬŀĸŐŀĬĨŇĭŀħňŏĮƦĬŏĪėőĬőĸĵňĪňŗĴňĔŅĶĬņĴŅŒĝƟ 
ŀĵƞŅĚŐıĶƞľĸŅĵȮĕĦŃĪňŗĔŅĶĶńĔļŅőĶėħƟĺĵĔŅĶŒĝƟĵňĬĭņĭńħŏĮƦĬŏĪėőĬőĸĵňĪňŗŏĶŇŗĴĴňĔŅĶĬņŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 
ĴŅĮĶńĭŒĝƟĴŅĔĕŉŘĬȮȮ 
  ĽŅĕŅŀŅľŅĶŐĸŃĔŅĶŏĔļĨĶȮŏĝƞĬȮĔŅĶįĸŇĨŏĬŊŘŀĽńĨĺƢěŅĔĔŅĶŏıŅŃŏĸňŘĵĚŏĞĸĸƢħƟĺĵŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ
ĴňĔŅĶĬņĴŅĮĶńĭŒĝƟŏıŊŗŀŏıŇŗĴįĸįĸŇĨĽŇĬėƟŅŏĔļĨĶŐĸŃŀŅľŅĶŒľƟŏıňĵĚıŀĨƞŀėĺŅĴĨƟŀĚĔŅĶĕŀĚĮĶŃĝŅĔĶőĸĔĳŅĵŒĨƟ 
ĔŅĶĴňŀĵŌƞŀĵƞŅĚěņĔńħĕŀĚĪĶńıĵŅĔĶȮ 

 
39 ?prfspȮBȮJgrrjc,0.02, The brave new world of synthetic biology : Major impacts, significant challenges.  
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 ĽŅĕŅŀŋĨĽŅľĔĶĶĴĔŅĶįĸŇĨȮŏėĴňĳńĦĤƢȮŐĸŃĺńĽħŋȮŏĝƞĬȮĔŅĶıńĥĬŅŏŀĬœĞĴƢĝĬŇħŒľĴƞĽņľĶńĭŀŋĨĽŅľĔĶĶĴ 
ĮĸŅĵĬŘņȮŐĸŃĽŅĶŏėĴňĪňŗŒĝƟŒĬĔŅĶįĸŇĨĽŇĬėƟŅőĳėĳńĦĤƢŀĵŌƞŒĬĝƞĺĚĪňŗĨĸŅħŏĨŇĭőĨŏĮƦĬŏĪėőĬőĸĵňĪňŗĴňĔŅĶŒĝƟŀĵƞŅĚŐıĶƞľĸŅĵȮ
ĽƞĺĬľĬŉŗĚŏĔŇħěŅĔėĺŅĴĶƞĺĴĴŊŀĔńĭĶŃľĺƞŅĚĭĶŇļńĪįŌƟĞŊŘŀȮ&ŏĝƞĬȮUnilever) ŐĸŃĭĶŇļńĪįŌƟıńĥĬŅŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ 
 ĽŅĕŅĽŇĬėƟŅŀŋĮőĳėȮĭĶŇőĳėȮįĸŇĨĳńĦĤƢŒĬĔĸŋƞĴĬňŘĴňĔŅĶĬņŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴŅŒĝƟĮĶŃőĵĝĬƢŐĸŃ
įŌƟĭĶŇőĳėĴňėĺŅĴŏĕƟŅŒěŐĸŃŏľŖĬĮĶŃőĵĝĬƢĶĺĴĩŉĚŏĮƦĬŏĪėőĬőĸĵňĪňŗĽŅĴŅĶĩĨŀĭőěĪĵƢėĺŅĴĵńŗĚĵŊĬŒľƟĔńĭįŌƟĭĶŇőĳėȮĞŉŗĚ
įĸŇĨĳńĦĤƢŒĬĔĸŋƞĴĬňŘĴňĔŅĶŏĨŇĭőĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŏĝƞĬȮĔŅĶįĸŇĨľĬńĚĪňŗįĸŇĨěŅĔıŊĝȮ 
 ĽŅĕŅıĸńĚĚŅĬȮĔŅĶĬņŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴŅŒĝƟŒĬĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚĝňĺĳŅıŏĶŇŗĴĸħĭĪĭŅĪĸĚ
ŏĬŊŗŀĚěŅĔĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŐľĸƞĚıĸńĚĚŅĬĕĬĽƞĚœĮĽŌƞıĸńĚĚŅĬĶŌĮŐĭĭŀŊŗĬȮŏĝƞĬȮœĲĲƚŅȮŐĨƞĵńĚėĚĴňĔŅĶĬņŏĪėőĬőĸĵň
ħńĚĔĸƞŅĺĴŅıńĥĬŅŏĝŊŘŀŏıĸŇĚĝňĺĳŅıĶŋƞĬĨƞŀœĮĪňŗįĸŇĨěŅĔĺńĽħŋŏľĸŊŀŒĝƟľĶŊŀŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĪňŗŏĔŇħįĸŇĨĳńĦĤƢŀŊŗĬȮŕȮ 
ĶƞĺĴħƟĺĵȮĶĺĴœĮĩŉĚĔŅĶıńĥĬŅŏıŊŗŀŏĮƦĬŏĝŊŘŀŏıĸŇĚĽņľĶńĭŏėĶŊŗŀĚĭŇĬȮŐĸŃĔŅĶĕĬĽƞĚĪňŗœĴƞĽŅĴŅĶĩŒĝƟıĸńĚĚŅĬœĲĲƚŅœħƟȮ 
 ĽŅĕŅœŀĪňŐĸŃŏĪėőĬőĸĵňȮŀĵŌƞŒĬĝƞĺĚŏĶŇŗĴĨƟĬĕŀĚėĺŅĴĶƞĺĴĴŊŀĶŃľĺƞŅĚįŌƟıńĥĬŅŏĪėőĬőĸĵňȮŏĝƞĬȮTwist, 
Microsoft, Illumina, Dell) ŐĸŃĭĶŇļńĪįŌƟıńĥĬŅŏĪėőĬőĸĵňħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪňŗĴňĔŅĶıńĥĬŅŏėĶŊŗŀĚĴŊŀŏıŊŗŀ 
ŀņĬĺĵėĺŅĴĽŃħĺĔŒĬĔŅĶĺŇěńĵŐĸŃŒľƟėĺŅĴĽņėńĠŒĬĔŅĶěńħŏĔŖĭĕƟŀĴŌĸȮDNA ŏıŇŗĴĴŅĔĕŉŘĬȮ 

Ȯ  
ĶŌĮĪňŗȮ1+68ȮŐĽħĚĺńĢěńĔĶĕŀĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ&E_prlcp+rwncȮawajc' 
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 ŐĴƟĺƞŅŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěŃœħƟĶńĭĔŅĶėŅħľĴŅĵĺƞŅěŃŏĮƦĬŏĪėőĬőĸĵňĪňŗĽĶƟŅĚįĸĔĶŃĪĭĽŌĚĪńŘĚŒĬŏĝŇĚ
ŏĻĶļģĔŇěȮŐĸŃĽńĚėĴĔŖĨŅĴȮŐĨƞĴňĮĶŃŏħŖĬĪƟŅĪŅĵĽƞĚįĸĨƞŀĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňħńĚĔĸƞŅĺĪňŗĽņėńĠȮȮ3ȮŀńĬħńĭŐĶĔȮ
œħƟŐĔƞȮ/'ȮĪńĔļŃŐĸŃĕňħėĺŅĴĽŅĴŅĶĩĕŀĚĪňŗĽņėńĠĕŀĚįŌƟŒĝƟĮĶŃőĵĝĬƢȮȮ0'ȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔņľĬħĴŅĨĶģŅĬȮ
ŏėĶŊŗŀĚĴŊŀĶĺĴĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĺńħȮȮŐĸŃėĺŅĴĶŌƟıŊŘĬģŅĬŏıŊŗŀĔŅĶıńĥĬŅĨƞŀĵŀħȮȮ1'ȮĔŅĶĽĬńĭĽĬŋĬħƟŅĬĚĭĮĶŃĴŅĦ
ĪńŘĚĔŅĶĺŇěńĵŐĸŃĔŅĶĸĚĪŋĬĪŅĚīŋĶĔŇěȮȮ2'ȮĔŅĶĵŀĴĶńĭĕŀĚĽńĚėĴȮĮĶŃŏħŖĬĪŅĚěĶŇĵīĶĶĴȮŐĸŃėĺŅĴŏĮƦĬĽƞĺĬĨńĺȮŐĸŃȮ 
3'ȮėĺŅĴĪƟŅĪŅĵŒĬĔŅĶįĸŇĨĶŃħńĭĕĵŅĵĕĬŅħŐĸŃĔŅĶįĸŇĨŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴŒľƟĴňĨƟĬĪŋĬĪňŗŐĕƞĚĕńĬœħƟȮ 
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3.2 ĽĩŅĬĳŅıŐĸŃĪŇĻĪŅĚĔŅĶıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚőĸĔ 

 BCG Henderson Institute40  ĮĶŃŏĴŇĬĺƞŅŒĬĮƖȮı,Ļ,Ȯ2573 ŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěŃĽĶƟŅĚĴŌĸėƞŅ
ŏĻĶļģĔŇěĶĺĴĽŌĚĩŉĚľĬŉŗĚŒĬĽŅĴĕŀĚȮGDP ĕŀĚőĸĔȮĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅėŅħĺƞŅĴŌĸėƞŅĪŅĚŏĻĶļģĔŇěĪňŗŏĔŇħĕŉŘĬěŅĔ
ŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěŃĽƞĚįĸŒľƟĽńħĽƞĺĬĨƞŀȮGDP ŏıŇŗĴĕŉŘĬěŅĔĶƟŀĵĸŃȮ21 ŒĬĮƖȮı,Ļ,Ȯ2565 ŏıŇŗĴŏĮƦĬĶƟŀĵĸŃȮ24 
ŒĬĮƖȮı,Ļ,2573 ĽņľĶńĭĽľĶŅĝŀŅĦŅěńĔĶȮŏĪėőĬőĸĵňħńĚĔĸƞŅĺėŅħĺƞŅěŃŏıŇŗĴĴŌĸėƞŅĪŅĚŏĻĶļģĔŇěœħƟŀňĔȮ1 ŏĪƞŅĨńĺŏĴŊŗŀ
ŏĮĶňĵĭŏĪňĵĭĔńĭĮƖȮı,Ļ,Ȯ2563 őħĵĽńħĽƞĺĬĨƞŀȮGDP ěŃŏıŇŗĴŏĮƦĬĶƟŀĵĸŃȮ2 ŒĬĮƖȮı,Ļ,Ȯ2573  

 

Alliance Bernstien (0.0/'ȮĪňŗĮĶŃŏĴŇĬĺƞŅŏĪėőĬőĸĵňĬňŘĴňĻńĔĵĳŅıįĸĔĶŃĪĭœħƟĽŌĚĩŉĚȮ1.7-3.4 ĸƟŅĬĸƟŅĬŏľĶňĵĠ
ĽľĶńģȮĪńŘĚĬňŘĽŅĕŅŏĻĶļģĔŇěĪňŗėŅħĺƞŅěŃœħƟĶńĭįĸĔĶŃĪĭĽŌĚȮœħƟŐĔƞȮĽŅĕŅħƟŅĬĽŋĕĳŅıȮĶŀĚĸĚĴŅœħƟŐĔƞȮĽŅĕŅĔŅĶŏĔļĨĶȮ
ĮĶŃĴĚȮŐĸŃŀŅľŅĶȮŐĸŃĽŅĕŅĪňŗŏĔňŗĵĺĕƟŀĚĔŅĶįĸŇĨĽŇĬėƟŅŀŋĮőĳėĭĶŇőĳėŐĸŃĽŅĕŅĭĶŇĔŅĶ41 

 
40 @AEȮFclbcpqmlȮGlqrgrsrc,(2023) How Synthetic Biology Can Make a Materials Difference. 

https://www.bcg.com/publications/2023/how-synthetic-biology-materials-can-make-a-difference 

41 Alliance Bernstien, (0.0/'ȮThe Synthetic Biology Revolution: Investing in the Science of Sustainability. 
https://www.alliancebernstein.com/corporate/en/insights/investment-insights/the-synthetic-biology-revolution.html 
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ÒǕŷƮœĸƮŘĬ īŘƁŬƁŌǕ ĬƁƶŬĲ ĲŘƥƞƶƛƮ ƥĸĬƮƁƞƥ ƮœĐƮ ĐĬĬƁƶŷƮ ŋƁƞ Đƥ ŵƶĬœ ĐƥȰȭƛĸƞĬĸŷƮ Ɓŋ Ʈœĸ ŌŬƁīĐŬ [BÈɻ
ʘȯȵƮƞŘŬŬŘƁŷɻīǕȯȭȰȭɟ

ÒƁƶƞĬĸɡ ;<[ bĸŷĲĸƞƥƁŷ gŷƥƮŘƮƶƮĸ
Ȉ̫̙ȒȤɡȔȚȋȔȚȒȨȅȓȎ̚Ȥȓț̭ǬȜȤȚ̩ǳ̖ȓȊȨȓȋȤȓȧȗȣǯȚȤȒȌȗȡȅȑ̖ȓȈȤǲǵ̫ȚȑȤȏ

ȯȮ̔ǭȡǲ[BÈ
ɰȯȭȯȯɱ

ȯȱ̔ ǭȡǲ[BÈ
ɰȯȭȰȭɱ

Ȯ̔ ǭȡǲ[BÈ
ɰȯȭȯȭɱ

ȯʽǭȡǲ[BÈ
ɰȯȭȰȭɱ

gŷĲƶƥƮƞŘĸƥ ƛƁƮĸŷƮŘĐŬŬǕ
ŘŵƛĐĬƮĸĲ īǕÒǕŷ;ŘƁ
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ĶŌĮĪňŗȮ1+/.8ȮĔŅĶėŅħĔŅĶĦƢįĸĔĶŃĪĭěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 
ĪňŗĴŅȮ8ȮȮ?jjg_lacȮ@cplqrgcl*Ȯ0.0/ 

 
 ĔĸœĔĽņėńĠŒĬĔŅĶŏĶƞĚĶńħıńĥĬŅŐĸŃŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚőĸĔȮĽĶŋĮœħƟħńĚĬňŘ 
 ĔŅĶĸĚĪŋĬĪńŗĺőĸĔŏıŊŗŀĔŅĶıńĥĬŅŐĸŃĸĚĪŋĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĨŇĭőĨŀĵƞŅĚĶĺħŏĶŖĺ 
ěŅĔȮ532 ĸƟŅĬŏľĶňĵĠĽľĶńģŒĬĮƖȮı,Ļ,Ȯ2552  ŏıŇŗĴŏĮƦĬȮ7,800 ĸƟŅĬŏľĶňĵĠĽľĶńģŀŏĴĶŇĔŅȮŒĬĮƖȮı,Ļ,Ȯ2564 ȮőħĵĶƟŀĵĸŃȮ37Ȯ
ŏĮƦĬĔŅĶĸĚĪŋĬŒĬĽŅĕŅĽŋĕĳŅıŐĸŃĵŅȮĶŀĚĸĚĴŅœħƟŐĔƞȮĽŅĕŅŀŅľŅĶŐĸŃőĳĝĬŅĔŅĶȮŐĸŃĽŅĕŅŏĔļĨĶȮȮȮȮ 

 

ĶŌĮĪňŗȮ1+//8ȮĴŌĸėƞŅĔŅĶĸĚĪŋĬĔŅĶıńĥĬŅŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 
ĪňŗĴŅȮ8Ȯ?jjg_lac@cplqrcgl*0.0/, 

 
 ĭĶŇļńĪȮSana Biotechnology ĽņĬńĔĚŅĬŒľĠƞĨńŘĚŀĵŌƞŒĬĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮȮĴňĴŌĸėƞŅĔŅĶĸĚĪŋĬȮ700 ĸƟŅĬ
ŏľĶňĵĠĽľĶńģȮőħĵŏĸŊŀĔĸĚĪŋĬŒĬĔŇěĔŅĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňĝňĺĳŅıħƟŅĬĽŋĕĳŅıȮħƟŅĬĝňĺĺŇĪĵŅĻŅĽĨĶƢȮ&life science) 
ŏĮƦĬĔŅĶŒĝƟėĺŅĴĶŌƟŒĬĔŅĶĮĶńĭŐĨƞĚĵňĬŏıŊŗŀŐĔƟĮƤĠľŅőĶėĽņėńĠȮŏĝƞĬȮĴŃŏĶŖĚȮŐĸŃŏĭŅľĺŅĬȮȮĮƤěěŋĭńĬĴňįĸŇĨĳńĦĤƢĪňŗŀĵŌƞŒĬ
ĕńŘĬĨŀĬĔŅĶĪħĽŀĭĪŅĚėĸŇĬŇĔȮȮŀńĬŏĮƦĬįĸěŅĔĔŅĶĸĚĪŋĬĺŇěńĵŐĸŃıńĥĬŅěņĬĺĬĴŅĔŐĸŃĨƞŀŏĬŊŗŀĚȮȮħńĚŏľŖĬœħƟěŅĔėĶŉŗĚŐĶĔ
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ĕŀĚĮƖȮı,Ļ,Ȯ2566 ĭĶŇļńĪĴňėƞŅŒĝƟěƞŅĵĮĶŃĴŅĦȮ200 ĸƟŅĬŏľĶňĵĠĽľĶńģȮŒĬěņĬĺĬĬňŘŏĮƦĬėƞŅŒĝƟěƞŅĵŒĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅĴŅĔ
ĩŉĚĶƟŀĵĸŃȮ70  ĕŀĚėƞŅŒĝƟěƞŅĵȮőħĵĽƞĺĬŒľĠƞŏĮƦĬėƞŅŒĝƟěƞŅĵŏıŊŗŀĔŅĶĺŇěńĵĪŅĚėĸŇĬŇĔŏĮƦĬľĸńĔ42 

 

ĶŌĮĪňŗȮ1+/08ȮįĸŇĨĳńĦĤƢŏĮƚŅľĴŅĵĕŀĚĭĶŇļńĪȮQ_l_Ȯ@gmrcaflmjmew 
ĪňŗĴŅȮ8ȮQ_l_Ȯ@gmrcaflmjmew*Ȯ0.01, 

 
 ĭĶŇļńĪȮImpossible Food43  ĴňĴŌĸėƞŅĔŅĶĸĚĪŋĬĮĶŃĴŅĦȮ500 ĸƟŅĬŏľĶňĵĠĽľĶńģȮĔƞŀĨńŘĚĕŉŘĬŏĴŊŗŀĮƖȮı,Ļ,Ȯ2554  
ěƟŅĚĚŅĬěņĬĺĬȮ750 ėĬȮőħĵĽņĬńĔĚŅĬŒľĠƞĨńŘĚŀĵŌƞŒĬĶńģŐėĸŇĲĲŀĶƢŏĬňĵȮĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮĭĶŇļńĪœħƟĺŅĚěņľĬƞŅĵ
įĸŇĨĳńĦĤƢŏĭŀĶƢŏĔŀĶƢěŅĔŏĬŊŘŀŏĪňĵĴĪňŗįĸŇĨěŅĔıŊĝĪňŗĴňŏĬŊŘŀĽńĴįńĽėĸƟŅĵėĸŉĚĔńĭŏĬŊŘŀĽńĨĺƢŒĬĮƖȮı,Ļ,Ȯ2559 ȮŒĬŏĺĸŅĨƞŀĴŅĭĶŇļńĪ
ĺŅĚěņľĬƞŅĵįĸŇĨĳńĦĤƢŀňĔľĸŅĵĝĬŇħȮŏĝƞĬȮœĽƟĔĶŀĔȮľĴŌȮœĔƞ 

 

ĶŌĮĪňŗȮ1+/18ȮĨńĺŀĵƞŅĚįĸŇĨĳńĦĤƢĕŀĚĭĶŇļńĪȮGknmqqg`jcȮDmmb 

ĪňŗĴŅȮ8Ȯfrrnq8--gknmqqg`jcdmmbq,amk-npmbsarq-q_sq_ec 
 
 ĔŅĶĸĚĪŋĬĕŀĚĭĶŇļńĪȮVenture Capital  ħƟŅĬŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬœĨĶĴŅĽŐĶĔĕŀĚĮƖȮı,Ļ,Ȯ2566  
ĴňĴŌĸėƞŅĔŅĶĸĚĪŋĬȮ1,798.5 ĸƟŅĬĭŅĪȮŒĬěņĬĺĬĬňŘŏĮƦĬĔŅĶĸĚĪŋĬŏıŊŗŀıńĥĬŅįĸŇĨĳńĦĤƢĔĸŋƞĴĽŋĕĳŅıŐĸŃĵŅěņĬĺĬ 
1,430 ĸƟŅĬŏľĶňĵĠĽľĶńģȮĶŀĚĸĚĴŅœħƟŐĔƞȮĽŅĕŅĺńĽħŋĻŅĽĨĶƢȮěņĬĺĬȮ141 ĸƟŅĬŏľĶňĵĠĽľĶńģȮĶŀĚĸĚĴŅŏĮƦĬĔŅĶıńĥĬŅ 
ŒĬĔĸŋƞĴȮ@gm+A?BȮ&Amknsrcp+_gbcbȮbcqgel'ȮĶĺĴĩŉĚĞŀĲĪƢŐĺĶƢĽņľĶńĭŀŀĔŐĭĭŐĸŃěņĸŀĚŏĬŊŘŀŏĵŊŗŀĝňĺĳŅıȮ 
ĔŅĶŐĽħĚŀŀĔĕŀĚĵňĬȮŐĸŃĔŅĶĽĶƟŅĚŐĭĭěņĸŀĚĔĶŃĭĺĬĔŅĶĪņĚŅĬĕŀĚőėĶĚĽĶƟŅĚĪŅĚĝňĺĳŅıȮȮőħĵĴŌĸėƞŅĔŅĶĸĚĪŋĬ 
ŒĬħƟŅĬĬňŘĮĶŃĴŅĦȮ215 ĸƟŅĬŏľĶňĵĠĽľĶńģȮĴŌĸėƞŅĔŅĶĸĚĪŋĬŏıŇŗĴĕŉŘĬěŅĔĮƖĔƞŀĬľĬƟŅĴŅĔĩŉĚȮ165 ĸƟŅĬŏľĶňĵĠĽľĶńģ ĶĺĴĩŉĚ

 
42 Sana Biotechnology.(0.01',PIPELINE. https://sana.com/our-pipeline/. 
43 Impossible Food. (2023). Impossible products. https://impossiblefoods.com/products/sausage. 
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ĔŅĶĸĚĪŋĬŒĬ Cloud labs ĪňŗĴňŏĮƚŅľĴŅĵŏıŊŗŀŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňħƟŅĬȮAI ŐĸŃĶŃĭĭŀńĨőĬĴńĨŇŏıŊŗŀŏĽĶŇĴ
ĮĶŃĽŇĪīŇĳŅıȮŐĸŃėĺŅĴĶĺħŏĶŖĺŒĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ44Ȯ 
  

 

ĶŌĮĪňŗȮ1+/28ȮŏĮƚŅľĴŅĵĔŅĶĸĚĪŋĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮQwlrfcrgaȮ@gmjmewȮĕŀĚȮTclrspcȮA_ngr_j 
ĪňŗĴŅȮ8Qwl@gm@cr_*Ȯ0.01, 

 
 ĶŌĮŐĭĭĔŅĶĬņŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢœĮŒĝƟĮĶŃőĵĝĬƢĴňľĸŅĔľĸŅĵőħĵŏĮƚŅľĴŅĵľĸńĔŏıŊŗŀĔŅĶŏıŇŗĴȮ
ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶįĸŇĨȮĸħĨƟĬĪŋĬĔŅĶįĸŇĨȮıńĥĬŅĬĺńĨĔĶĶĴŏıŊŗŀŏıŇŗĴėĺŅĴĴńŗĬėĚħƟŅĬŀŅľŅĶȮėĺŅĴĽŅĴŅĶĩ 
ŒĬĔŅĶĲƘƨĬĨńĺœħƟŀĵƞŅĚĶĺħŏĶŖĺĨƞŀĺŇĔķĨŇĪńŘĚħƟŅĬĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĳŅıĳŌĴŇŀŅĔŅĻȮľĶŊŀĔŅĶĶŃĭŅħĕŀĚőĶėȮĶĺĴœĮĩŉĚ 
ĔŅĶĸħįĸĔĶŃĪĭĨƞŀĽŇŗĚŐĺħĸƟŀĴŐĸŃŏıŇŗĴėĺŅĴĵńŗĚĵŊĬĕŀĚĪĶńıĵŅĔĶȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ1+/ 

ĨŅĶŅĚĪňŗȮ1+/8ȮĨńĺŀĵƞŅĚĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĨƞŅĚĮĶŃŏĪĻȮȮ 
ĽŅĕŅ ĶŌĮŐĭĭĔŅĶŒĝƟĮĶŃőĵĝĬƢ 

ŏĔļĨĶ ¶ ĔŅĶĮĶńĭĮĶŋĚıńĬīŋƢŒľƟĴňĸńĔļĦŃĪňŗĨƟŀĚĔŅĶȮŏĝƞĬȮŒľƟįĸįĸŇĨĽŌĚȮĪĬĨƞŀőĶėȮŐĸŃŐĴĸĚȮȮ 
¶ ĔŅĶıńĥĬŅŐĭėĪňŏĶňĵŒľƟĴňėŋĦĽĴĭńĨŇĝƞĺĵŒľƟıŊĝĽŅĴŅĶĩŒĝƟĮĶŃőĵĝĬƢěŅĔĮŋƜĵœħƟŀĵƞŅĚŏĨŖĴĮĶŃĽŇĪīŇĳŅıȮ
ĶĺĴĩŉĚĽĶƟŅĚĳŌĴŇėŋƟĴŏıŊŗŀĮƚŀĚĔńĬŐĴĸĚŐĸŃőĶėȮ 
¶ ĔŅĶıńĥĬŅĺŇīňĔŅĶĪŅĚĝňĺĳŅıŏıŊŗŀĲƘƨĬĲŌŐĸŃĮĶńĭĽĳŅıħŇĬĪňŗŏĮƘƨŀĬĽŅĶŏėĴňĨĔėƟŅĚȮŏĝƞĬȮœĔĸőĲŏĽĨ 
¶ ĔŅĶıńĥĬŅĽŅĶĝňĺĳŅıŒĬĔŅĶĔņěńħĻńĨĶŌıŊĝȮ 

ŀŅľŅĶ ¶ ŏĬŊŘŀĽńĨĺƢěŅĔĔŅĶŏıŅŃŏĸňŘĵĚȮ&asjrspcbȮkc_r'ȮŏĝƞĬȮŏĬŊŘŀĺńĺȮŏĬŊŘŀœĔƞȮŏĬŊŘŀŏĮƦħ 
¶ ĔŅĶıńĥĬŅĽŅĶĮĶŋĚŐĨƞĚĔĸŇŗĬĶĽȮŏĝƞĬȮlmmri_rmlc*Ȯt_jclaclc*Ȯt_lgjjglȮ_lbȮJ+_p_`glmqc 
¶ įĸŇĨĳńĦĤƢĬĴěŅĔĔĶŃĭĺĬĔŅĶľĴńĔħƟĺĵĔŅĶŒĝƟěŋĸŇĬĪĶňĵƢ 
¶ ĔĶŃĭĺĬĔŅĶįĸŇĨŀŅľŅĶĪňŗŒĝƟıĸńĚĚŅĬĨŗņ 

ĺńĽħŋėŀĴőıĽŇĨĝňĺĳŅı 
 

¶ ĔŅĶįĸŇĨľĬńĚĝňĺĳŅıěŅĔĵňĽĨƢȮľĶŊŀĶŅ 
¶ ĔŅĶįĸŇĨŏĽƟĬŒĵħƟĺĵĔŅĶıńĥĬŅŒľƟěŋĸŇĬĪĶňĵƢĴňėŋĦĽĴĭńĨŇıŇŏĻļȮ 
¶ ĔŅĶıńĥĬŅěŋĸŇĬĪĶňĵƢŏĮĸňŗĵĬĴňŏĪĬŏĮƦĬıĸŅĽĨŇĔĝňĺĳŅıȮ 

ŏėĴňĝňĺĳŅıȮ ¶ ĔŅĶıńĥĬŅĔĶŃĭĺĬĔŅĶįĸŇĨĽŅĶŏėĴňľĶŊŀĽƞĺĬĮĶŃĔŀĭĪŅĚŏėĴňěŅĔıŊĝȮľĶŊŀĕŀĚŏĽňĵŐĪĬĔŅĶįĸŇĨ
ěŅĔĮƕőĨĶŏĸňĵĴȮŏĝƞĬȮ`gm+@BMȮ 

ĽŋĕĳŅıŐĸŃĔŅĶŐıĪĵƢ ¶ ĔŅĶıńĥĬŅĺńėĞňĬȮŏĝƞĬȮőėĺŇħ+/7 

 
44 Bünger, M. et al (2023) SynBioBeta 0.01 Investment Report. Insights Into Synthetic Biology Trends, The Global Synthetic Biology 
Conference  
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ĽŅĕŅ ĶŌĮŐĭĭĔŅĶŒĝƟĮĶŃőĵĝĬƢ 
¶ įĸŇĨĳńĦĤƢȮ`gmjmega_jq 
¶ įĸŇĨĳńĦĤƢŐŀĬĨŇĭŀħňŘ 
¶ įĸŇĨĳńĦĤƢȮacjj+dpccȮqclqmpq 
¶ ĔŅĶŀŀĔŐĭĭőėĶĚĽĶƟŅĚőĴŏĸĔŋĸŏıŊŗŀėĺĭėŋĴĮĶŇĴŅĦĔĸŌőėĽŒĬŏĸŊŀħĽņľĶńĭįŌƟĮƙĺĵŏĭŅľĺŅĬ 

ıĸńĚĚŅĬ ¶ ŏĝŊŘŀŏıĸŇĚĝňĺĳŅıĪňŗĮĸƞŀĵĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢĨŇħĸĭ 
¶ ŏĝŊŘŀŏıĸŇĚĝňĺĳŅıĪňŗŒĝƟŏĪėőĬőĸĵňħńĔěńĭėŅĶƢĭŀĬ 

ȮĪňŗĴŅȮ8ȮDp_lçmgqȮA_lbcjmlȮcr,_j,Ȯ&0.00'Ȯ*ȮJ_lrcleȮU_le*ȮVglȮX_le*ȮHg_f_gȮXfmsȮ&0.00'Ȯ 
 

3.3 ŐĬĺĪŅĚĔŅĶıńĥĬŅŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚőĸĔ 

 ŐĬĺĪŅĚĔŅĶıńĥĬŅėĺŅĴĽŅĴŅĶĩĪŅĚŏĪėőĬőĸĵňŐĸŃĽƞĚŏĽĶŇĴĔŅĶŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ
ĕŀĚĮĶŃŏĪĻĝńŘĬĬņȮĶŅĵĸŃŏŀňĵħńĚĨŅĶŅĚĪňŗȮ1+0ȮŐĸŃȮ1+1ȮőħĵĴňĮĶŃŏħŖĬĶƞĺĴĪňŗĽņėńĠĽĶŋĮœħƟħńĚĬňŘ 

/' ĮĶŃŏĪĻįŌƟĬņŏĸŖĚŏľŖĬĻńĔĵĳŅıĕŀĚŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĨƞŀĔŅĶıńĥĬŅĮĶŃŏĪĻĪńŘĚħƟŅĬŏĻĶļģĔŇěȮ
ĽńĚėĴȮŐĸŃĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬȮŐĸŃŏĴŊŗŀĮĶŃŏĪĻĴňėĺŅĴıĶƟŀĴħƟŅĬŏĪėőĬőĸĵňĴŅĔĕŉŘĬľĸŅĵĮĶŃŏĪĻ 
ěŉĚĔņľĬħŒľƟŏĮƦĬŏĪėőĬőĸĵňŏĮƚŅľĴŅĵĽņėńĠĕŀĚĮĶŃŏĪĻȮŏĝƞĬȮĽľĶŅĝŀŅĦŅěńĔĶĔņľĬħŏĮƦĬȮ/ȮŒĬȮ4Ȯ
ŏĪėőĬőĸĵňŏĮƚŅľĴŅĵĕŀĚĮĶŃŏĪĻȮŐĸŃĮĶŃŏĪĻŏĔŅľĸňŒĨƟĔņľĬħŏĮƦĬȮ/ȮŒĬȮ/0ȮŏĪėőĬőĸĵňŏĮƚŅľĴŅĵȮ 

0' ŏĮƚŅľĴŅĵĔŅĶıńĥĬŅŒĬĶŃĵŃŐĶĔĴŋƞĚŏĬƟĬĽĶƟŅĚėĺŅĴıĶƟŀĴħƟŅĬŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬĪŋĔȮŕȮħƟŅĬ
ħƟĺĵĔŅĶŏĶƞĚĽĶƟŅĚėĺŅĴĽŅĴŅĶĩĪŅĚŏĪėőĬőĸĵňȮĔŅĶŏĨĶňĵĴĔņĸńĚėĬŏĝňŗĵĺĝŅĠȮĔŅĶŏĨĶňĵĴėĺŅĴıĶƟŀĴĕŀĚ
őėĶĚĽĶƟŅĚıŊŘĬģŅĬħƟĺĵĔŅĶěńħĽĶĶĚĭĮĶŃĴŅĦĨƞŀŏĬŊŗŀĚȮĶĺĴĩŉĚĔŅĶŒĝƟĔĸœĔŏėĶŊŀĕƞŅĵĪńŘĚŒĬŐĸŃĨƞŅĚĮĶŃŏĪĻȮ 

1' ĔŅĶıńĥĬŅĔņĸńĚėĬħƟŅĬŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢėĶŀĭėĸŋĴĪńŘĚĔŅĶĽĶƟŅĚĭŋėĸŅĔĶŒľĴƞȮĔŅĶıńĥĬŅ
ĪńĔļŃŏıŇŗĴŏĨŇĴĽņľĶńĭįŌƟĪňŗĪņĚŅĬŒĬĳŅėŀŋĨĽŅľĔĶĶĴľĶŊŀįŌƟĽņŏĶŖěĔŅĶĻŉĔļŅŐĸƟĺȮőħĵľĸńĔĽŌĨĶĔŅĶıńĥĬŅ
ĔņĸńĚėĬŒľƟėĺŅĴĽņėńĠĔńĭĔŅĶŏıŇŗĴĪńĔļŃėĺŅĴŏĝňŗĵĺĝŅĠŒĬŏĝŇĚĭŌĶĦŅĔŅĶĪńŘĚħƟŅĬĝňĺĺŇĪĵŅȮħƟŅĬĺŇĻĺĔĶĶĴȮȮ
ŐĸŃĔŅĶĬņŏĪėőĬőĸĵňħƟŅĬĮƤĠĠŅĮĶŃħŇļģƢŏıŊŗŀŏĶƞĚĶńħĔŅĶıńĥĬŅĬĺńĨĔĶĶĴȮȮ 

2' ĔŅĶĽĶƟŅĚőėĶĚĽĶƟŅĚıŊŘĬģŅĬħƟŅĬŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒľƟėĺŅĴĽņėńĠĔńĭĔŅĶŏıŇŗĴěņĬĺĬ
ľƟŀĚĮĢŇĭńĨŇĔŅĶŒľƟĴňĴŅĔŐĸŃľĸŅĔľĸŅĵȮȮĔŅĶĽĶƟŅĚĽĩŅĭńĬĺŇěńĵŏĜıŅŃĪŅĚőħĵĔŅĶŏĝŊŗŀĴőĵĚŐĸŃĪņĚŅĬ
ĶƞĺĴĔńĭľƟŀĚĮĢŇĭńĨŇĔŅĶĨƞŅĚȮŕȮȮŐĸŃĔŅĶĸĚĪŋĬőėĶĚĽĶƟŅĚıŊŘĬģŅĬőħĵĭĶŇľŅĶŒĬĸńĔļĦŃŏĮƦĬőėĶĚĽĶƟŅĚıŊŘĬģŅĬ
ŏĮƕħŏıŊŗŀŒľƟĪŋĔĳŅėĽƞĺĬœħƟŒĝƟĮĶŃőĵĝĬƢŐĸŃŏıŇŗĴėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬ 

3' ĔŅĶĽƞĚŏĽĶŇĴĔŅĶŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅŒľƟėĺŅĴĽņėńĠŀĵƞŅĚĵŇŗĚĨƞŀĔŅĶŏĶƞĚĶńħıńĥĬŅįŌƟĮĶŃĔŀĭĔŅĶ
ŒĬĔĸŋƞĴȮqr_prsnȮŐĸŃĔŅĶĽƞĚŏĽĶŇĴįŌƟĮĶŃĔŀĭĔŅĶĔĸŋƞĴȮQKCqȮŒĬĔŅĶĬņŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 
œĮĮĶńĭŒĝƟħƟĺĵĔŅĶěńħĨńŘĚĔŀĚĪŋĬŏıŊŗŀĽĬńĭĽĬŋĬįŌƟĮĶŃĔŀĭĔŅĶȮĔŅĶĽĶƟŅĚĔĸœĔĨĸŅħŏıŊŗŀĽƞĚŏĽĶŇĴŒľƟ
įŌƟĮĶŃĔŀĭĔŅĶıńĥĬŅĬĺńĨĔĶĶĴȮŐĸŃĔŅĶěńħĨńŘĚȮAmlqmprgskȮŏıŊŗŀŏĮƦĬĔĸœĔŏĝŊŗŀĴőĵĚĶŃľĺƞŅĚŏŀĔĝĬ+
ĽĩŅĭńĬĺŇěńĵ+ĶńģĭŅĸȮ 

4' ĔŅĶěńħŒľƟĴňįŌƟĭĶŇľŅĶěńħĔŅĶĨŇħĨŅĴȮĮĶŃŏĴŇĬįĸėĺŅĴĽņŏĶŖěĕŀĚĔŅĶħņŏĬŇĬĚŅĬĨŅĴŏĮƚŅľĴŅĵľĶŊŀ
ŐįĬĚŅĬĪňŗĔņľĬħĶĺĴĩŉĚěńħĪņĕƟŀŏĽĬŀŏıŊŗŀĔŅĶıńĥĬŅŏıŇŗĴŏĨŇĴȮŏĝƞĬȮSynthetic Biology Research 



108 

Center (Synberc) ĕŀĚĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮŐĸŃȮDepartment for Science, Innovation and 
TechnologyȮĕŀĚĽľĶŅĝŀŅĦŅěńĔĶȮ 

5' ĔŅĶĽĶƟŅĚėĺŅĴĶŌƟȮėĺŅĴŏĕƟŅŒěȮŐĸŃĔŅĶĨĶŃľĬńĔĶŌƟŒľƟĔńĭĳŅėĽƞĺĬĨƞŅĚȮŕȮŏĮƦĬĮĶŃŏħŖĬŐĶĔȮŕȮĪňŗĮĶŃŏĪĻįŌƟĬņ
ŒľƟėĺŅĴĽņėńĠėĺĭėŌƞœĮĔńĭĔŅĶŏĶƞĚĶńħıńĥĬŅėĺŅĴĔƟŅĺľĬƟŅĪŅĚŏĪėőĬőĸĵňȮĶĺĴĩŉĚĔŅĶıńĥĬŅŐĬĺĪŅĚ 
ĔŅĶĔņĔńĭħŌŐĸĪńŘĚŒĬħƟŅĬėĺŅĴĮĸŀħĳńĵŐĸŃĮĶŃŏħŖĬĪŅĚħƟŅĬěĶŇĵīĶĶĴȮ 

ĨŅĶŅĚĪňŗȮ1+08ȮĔĸœĔĔŅĶĽĶƟŅĚŐĸŃıńĥĬŅȮqwlrfcrgaȮ`gmjmewȮĕŀĚĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮĽľĶŅĝŀŅĦŅěńĔĶȮŐĸŃ
ĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬ 
 ĽľĶńģŀŏĴĶŇĔŅ ĽľĶŅĝŀŅĦŅěńĔĶ ĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬ 
ĬőĵĭŅĵ-ĺŇĽńĵĪńĻĬƢ ¶ 0./0+S,Q,ȮL_rgml_jȮ

@gmcamlmkwȮ@jscnpglrȮȮȮȮȮȮ 
¶ 0./3+L_rgml_jȮ?a_bckgcqȮ
Glbsqrpg_jgx_rgmlȮmdȮ@gmjmewȮ
Pm_bk_nȮ 

¶ 0./7+CleglccpgleȮ@gmjmewȮ?Ȯ
Pcqc_pafȮPm_bk_nȮdmpȮrfcȮ
Lcvr+Eclcp_rgmlȮ
@gmcamlmkwȮ 

¶ 0./.+0./0ȮĶńģĸĚĪŋĬĮƖĸŃȮ/..Ȯĸĭ, 
¶ 0./0+QwlrfcrgaȮ@gmjmewȮ
Pm_bk_nȮdmpȮrfcȮSIȮ 

¶ 0.01+ŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ
ŏĮƦĬȮ/ȮŒĬȮ4ȮŏĪėőĬőĸĵňĵŋĪīĻŅĽĨĶƢ
ĕŀĚĮĶŃŏĪĻȮĶńģĭŅĸŒľƟėņĴńŗĬĸĚĪŋĬȮ 
0ȮıńĬĸƟŅĬĮŀĬħƢȮ&7/*02.Ȯĸĭ,'Ȯ
ĨƞŀŏĬŊŗŀĚȮ/.ȮĮƖȮ 

¶ 0..4+Qwl@gmȮpcqc_pafȮf_qȮ`cclȮ
jgqrcbȮglȮL_rgml_jȮFgef+rcafȮP$BȮ
Npmep_kȮ 

¶ 0..6+IcwȮJ_`ȮmdȮQwlrfcrgaȮ@gmjmew 
¶ 0./.+L_rgml_jȮ@_qgaȮPcqc_pafȮ
Npmep_kȮmdȮAfgl_ȮȮȮ 

¶ 0./6+KglgqrpwȮmdȮQagclacȮ_lbȮ
RcaflmjmewȮglgrg_rcbȮ_Ȯl_rgml_jȮicwȮ
P$BȮnpmep_kȮmlȮŴqwlrfcrgaȮ
`gmjmewŵȮȮ 

¶ 0.0/+ȮŏĮƦĬȮasrrgle+cbecȮrcaf,ȮŒĬĔŅĶ
ıńĥĬŅŏĻĶļģĔŇěĝňĺĳŅıĞŉŗĚŏĮƦĬľĬŉŗĚŒĬ
ĵŋĪīĻŅĽĨĶƢĕŀĚĝŅĨŇ 

¶ 0.00+ȮAclrcpqȮdmpȮQwl@gmȮȮ
RcaflmjmewȮGllmt_rgmlȮ 

¶ ĶńģĭŅĸĪƟŀĚĩŇŗĬĽƞĚŏĽĶŇĴŀŋĨĽŅľĔĶĶĴȮ
Qwl@gm 

ĔŅĶĽĶƟŅĚėĬ ¶ Glrcpl_rgml_jȮEclcrga_jjwȮ
CleglccpcbȮK_afglcqȮ
&gECK' 

¶ ĔŅĶıńĥĬŅįŌƟĽņŏĶŖěĔŅĶĻŉĔļŅ
ħƟŅĬĺŇĻĺĔĶĶĴŒľƟĴňėĺŅĴ
ŏĝňŗĵĺĝŅĠħƟŅĬĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢŏıŇŗĴŏĨŇĴ 

¶ Slgtcpqgrw+̀_qcbȮamspqcq 
¶ Pcrp_glgleȮamspqcq 
¶ gECK 
¶ Qwl`gAGRC%qȮ@sqglcqqȮCbsa_rgmlȮ
_lbȮRp_glgle 
 

¶ ĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬŒĬĶŃħńĭĮĶŇĠĠŅ
ĨĶň+őĪ+ŏŀĔȮŐĸŃȮľĸńĔĽŌĨĶĶŃĵŃĽńŘĬȮȮ 

¶ ŏĕƟŅĶƞĺĴŒĬĔŅĶŐĕƞĚĕńĬŒĬȮgECKȮŀĵƞŅĚ
ĨƞŀŏĬŊŗŀĚĨńŘĚŐĨƞĮƖȮė,Ļ,Ȯ0..5 

¶ 0.00+QwlrfcrgaȮ@gmjmewȮGllmt_rgmlȮ
Amkncrgrgml 

¶ RfcȮAmbcȮmdȮAmlbsarȮdmpȮ@gmjmega_jȮ
QagclrgqrqȮdmpȮQwl@gmȮemtcpl_lac 

ĔŅĶĽĶƟŅĚėĺŅĴĶŌƟ ¶ ĶńģĭŅĸĸĚĪŋĬħƟŅĬȮQwl@gmȮ
ĨńŘĚŐĨƞĮƖȮė,Ļ,Ȯ0..3ȮħƟĺĵĴŌĸėƞŅȮ 
/2.ȮĸƟŅĬŏľĶňĵĠĽľĶńģȮ 

¶ ĔŅĶĽĶƟŅĚėĺŅĴĶŌƟĪńŘĚıŊŘĬģŅĬȮ
&LQD'ȮȮQwlrfcrgaȮ@gmjmewȮ
CleglccpgleȮȮPcqc_pafȮ
AclrcpȮ&Qwl@CPA'ȮŒĬĮƖȮ 
ė,Ļ,Ȯ0..4ȮŐĸŃľĬƞĺĵĚŅĬ
ıńĥĬŅȮħƟŅĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮ
SynBioȮŏĝƞĬȮDOE ȮHHS ĨńŘĚŐĨƞ

¶ 5Ȯ@_qgaȮAclrcp 
¶ SIȮEmtr,ȮqwlrfcrgaȮ`gmjmewȮdmpȮ
epmurfȮnpmep_kȮ 

¶ Qwl`gAGRCȮGllmt_rgmlȮ_lbȮ
IlmujcbecȮAclrpc, 

¶ ŏĬƟĬĽĶƟŅĚėĺŅĴĶƞĺĴĴŊŀĔńĭĨƞŅĚĮĶŃŏĪĻ
ŏıŊŗŀĵĔĶŃħńĭėŋĦĳŅıĕŀĚįĸĚŅĬ
ĨňıŇĴıƢŒľƟĽŌĚĕŉŘĬȮįĸĚŅĬĨňıŇĴıƢȮ43#Ȯ
ŏĔŇħěŅĔėĺŅĴĶƞĺĴĴŊŀĔńĭįŌƟŏĕňĵĬ

¶ 0...+ěńħĨńŘĚȮQwl@gmȮpcqc_pafȮaclrcpqȮ
ĪńŘĚŒĬĽĩŅĭńĬĔŅĶĻŉĔļŅŐĸŃĽĩŅĭńĬĺŇěńĵ
ŏıŊŗŀŏĶƞĚĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟĔŅĶıńĥĬŅ
ŏėĶŊŗŀĚĴŊŀŐĸŃĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮĽƞĚįĸŒľƟĴň
ľĬƞĺĵĚŅĬĪňŗŏĔňŗĵĺĕƟŀĚĴŅĔĔĺƞŅȮ/..ȮŐľƞĚ
ĪńŗĺĮĶŃŏĪĻȮ 
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 ĽľĶńģŀŏĴĶŇĔŅ ĽľĶŅĝŀŅĦŅěńĔĶ ĽŅīŅĶĦĶńģĮĶŃĝŅĝĬěňĬ 
ĮƖȮė,Ļ,Ȯ0..5Ȯ&ĸĚĪŋĬĴŅĔĔĺƞŅȮ
5..ȮĸƟŅĬŏľĶňĵĠĽľĶńģ' 

ĨƞŅĚĮĶŃŏĪĻŀĵƞŅĚĬƟŀĵȮ/ȮėĬȮ 
&0./6+0.00' 

ĔŅĶĽĶƟŅĚőėĶĚĽĶƟŅĚ
ıŊŘĬģŅĬ 

¶ ĴňĔŅĶěńħĨńŘĚľƟŀĚĮĢŇĭńĨŇĔŅĶ 
ŏĮƦĬěņĬĺĬĴŅĔ 

¶ 0./0+0./2ȮȮĸĚĪŋĬȮ13ȮĸƟŅĬ
ŏľĶňĵĠěńħĨńŘĚȮJgtgleȮ
DmslbpgcqȮŏıŊŗŀŏĶƞĚ
ĔĶŃĭĺĬĔŅĶȮB@RJȮŒľƟŏĶŖĺĕŉŘĬȮ
/.ȮŏĪƞŅȮıĶƟŀĴĪńŘĚŐĽĺĚľŅ
őŀĔŅĽŒľĴƞȮŕȮ 

¶ 3Ȯ@gmdmslbpgcqȮĔĶŃěŅĵŀĵŌƞ 
ĪńŗĺĮĶŃŏĪĻȮ 
 

¶ Afgl_ȮL_rgml_jȮEclc@_liȮ 
¶ Afgl_ȮL_rgml_jȮAclrcpȮdmpȮ
@gmgldmpk_rgml 

¶ 0.0.+?bt_lacbȮ@gmdmslbpwȮ
QfclxfclL_rgml_jȮ?a_bckgcqȮmdȮ
Qagclacq*ȮCleglccpgle*Ȯ_lbȮ
Kcbgaglc,ȮȮ 
 

ĔŅĶıńĥĬŅīŋĶĔŇě ¶ ĔŅĶĽĬńĭĽĬŋĬĔŅĶŏĚŇĬĪŋĬŏıŊŗŀ
ĔŅĶħņŏĬŇĬĔŅĶĪňŗľĸŅĔľĸŅĵ
ŒľƟŐĔƞįŌƟĮĶŃĔŀĭĔŅĶĪňŗŏĮƦĬȮ
qr_prsnȮŐĸŃįŌƟĮĶŃĔŀĭĔŅĶ 
 

¶ RfcȮL_rgml_jȮGlbsqrpg_jȮ
Rp_lqj_rgmlȮAclrpcȮdmpȮ
CleglccpgleȮ@gmjmew- 

¶ QwlrfcrgaȮ@gmjmewȮ&Qwl`gAGRC'Ȯ 
¶ QwlrfcrgaȮ@gmjmewȮQccbȮDsl 

¶ ĔŅĶĽĬńĭĽĬŋĬĔŅĶŏĚŇĬĪŋĬĪńŘĚĶńģĭŅĸĔĸŅĚȮ
ĶńģĭŅĸĪƟŀĚĩŇŗĬȮTclrspcȮa_ngr_jȮŏıŊŗŀ
ĽĬńĭĽĬŋĬȮįŌƟĮĶŃĔŀĭĔŅĶőħĵŏĜıŅŃȮ
qr_prsnȮȮ 

 

ĨŅĶŅĚĪňŗȮ1+18ȮĔĸœĔĔŅĶĽĶƟŅĚŐĸŃıńĥĬŅȮqwlrfcrgaȮ`gmjmewȮĕŀĚĮĶŃŏĪĻŏĔŅľĸňŒĨƟŐĸŃĽŇĚėőĮĶƢȮ 
 ŏĔŅľĸňŒĨƟ ĽŇĚėőĮĶƢ 
ĬőĵĭŅĵ-ĺŇĽńĵĪńĻĬƢ ¶ ŏĪėőĬőĸĵňȮQwl@gmȮŏĮƦĬȮ/ȮŒĬȮ/0ȮŏĪėőĬőĸĵň

ĵŋĪīĻŅĽĨĶƢĕŀĚĮĶŃŏĪĻȮȮȮȮȮȮ 
¶ L_rgml_jȮQwlrfcrgaȮ@gmjmewȮGlgrg_rgtcȮ$Ȯ
Pm_bk_nȮ&0.01+0.05' 

¶ 0./3+established NUS Synthetic Biology for Clinical and 
Technological Innovation (SynCTI) as the focal research 
program for synthetic biology at the National University 
of Singapore. 

¶ 2018-Singapore has set its sights on becoming a global 
powerhouse in SynBio. 

¶ L_rgml_jȮPcqc_pafȮDmslb_rgml*ȮQgle_nmpcȮ&LPD'Ȯf_qȮ
gltcqrcbȮQ"12ȮkgjjgmlȮglȮqwlrfcrgaȮ`gmjmew+pcj_rcbȮP$B, 

ĔŅĶĽĶƟŅĚėĬ ¶ ěńħĪņľĸńĔĽŌĨĶŒĬĸńĔļĦŃȮĽľĺŇĪĵŅĔŅĶȮȮ 
Ŵ@gm)Ȯ?G)ȮCleglccpgleŵȮ 

¶ ĔŅĶěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬĪńŘĚŒĬĶŃħńĭĮĶŇĠĠŅŐĸŃľĸńĔĽŌĨĶ 
ĶŃĵŃĽńŘĬȮŐĸŃĔŅĶŏĶňĵĬŒĬĶŃħńĭŀĬŋĭŅĸ 

¶ ĽĶƟŅĚĔņĸńĚėĬįƞŅĬėĺŅĴĶƞĺĴĴŊŀĶŃħńĭĬŅĬŅĝŅĨŇȮŐĸŃĔŅĶěƟŅĚ
įŌƟŏĝňŗĵĺĝŅĠěŅĔĨƞŅĚĮĶŃŏĪĻĴŅĪņĚŅĬŒĬĽĩŅĭńĬĺŇěńĵȮ 

ĔŅĶĽĶƟŅĚėĺŅĴĶŌƟ ¶ BcqgelȮmdȮ@gmkmjcasjcq 
¶ BcqgelȮmdȮAgpasgr 
¶ AmlqrpsarȮ_lbȮAmlrpmjȮmdȮBL?-PL? 
¶ AmlqrpsarȮmdȮ@gmqwqrckq 
¶ ?srmk_rgmlȮqnccb+snȮsqgleȮGR+Bgegr_jȮRcaf 
¶ Qa_jc+sn 

¶ ĔŅĶĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟŒĬĴľŅĺŇĪĵŅĸńĵŐĸŃĽĩŅĭńĬĺŇěńĵĝńŘĬĬņĕŀĚ
ĮĶŃŏĪĻȮŏĝƞĬȮLSQ*ȮLRSȮŐĸŃȮ?QR?PȮȮȮőħĵĴňĔŅĶħņŏĬŇĬĚŅĬ
ĸńĔļĦŃȮL_rgml_jȮr_qiȮdmpacȮȮ 

¶ Pcqc_pafȮqrp_rcewȮĺŇěńĵŒĬȮlgafcȮn_rfu_wȮĪňŗĽŅĴŅĶĩĨƞŀĵŀħ
œħƟľĸŅĵįĸŇĨĳńĦĤƢȮȮ 

ĔŅĶĽĶƟŅĚőėĶĚĽĶƟŅĚ
ıŊŘĬģŅĬ 

¶ Ns`jgaȮI+@gmdmslbpwȮ 
¶ Cvn_lbgleȮrfcȮ`gmdmslbpwȮglrmȮrfcȮnpgt_rcȮ
qcarmp 

¶ Qmdru_pc+Mncl+qmspacȮGRȮNj_rdmpkȮ 
¶ AcjjȮEclcȮ@gm`_li 

¶ 0./3+RfcȮQwlrfcrgaȮ@gmjmewȮdmpȮAjglga_jȮ$ȮRcaflmjmega_jȮ
Gllmt_rgmlȮ&QwlARG'Ȯnpmep_kkcȮ_rȮrfcȮL_rgml_jȮ
SlgtcpqgrwȮmdȮQgle_nmpcȮ&LSQ',ȮQwlARGȮgqȮfmkcȮrmȮrfcȮ
Qgle_nmpcȮ@gmdmslbpw,Ȯ 

¶  
ĔŅĶıńĥĬŅīŋĶĔŇě ¶ D_agjgr_rgleȮrfcȮrp_lqgrgmlȮglrmȮ 

`gm+k_lsd_arspgle 
¶ ĴňŐľĸƞĚŏĚŇĬĪŋĬĽņľĶńĭįŌƟĮĶŃĔŀĭĔŅĶěņĬĺĬĴŅĔ Ǝ1.Ȯ@gmtclrspcq 
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 ŏĔŅľĸňŒĨƟ ĽŇĚėőĮĶƢ 
¶ QsnnmprgleȮrfcȮcqr_`jgqfkclrȮ_lbȮepmurfȮ
mdȮgllmt_rgtcȮamkn_lgcq 

¶ NpmkmrgleȮnpgt_rcȮgltcqrkclrȮ 

¶ AmlqmprgskȮ&Qwlcpew'ȮĔĸœĔŏĝŊŗŀĴőĵĚĶŃľĺƞŅĚŏŀĔĝĬ+
ĽĩŅĭńĬĺŇěńĵ+ĶńģĭŅĸȮȮ 
 

 

ĔŅĶĸĚĪŋĬĕŀĚĽŅīŅĶĦĶńĶģĮĶŃĝŅĝĬěňĬ 
ȮȮȮȮȮȮȮȮȮȮĶńģĭŅĸĕŀĚŏĞŇĬŏěŇŘĬĸĚĪŋĬĳŅĵŒĨƟȮŴőėĶĚĔŅĶȮ@gmdmslbpwȮŐĸŃőėĶĚĽĶƟŅĚıŊŘĬģŅĬĪŅĚĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵň
ħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŵȮĴŌĸėƞŅȮ500,0ȮĸƟŅĬľĵĺĬȮ&ĮĶŃĴŅĦȮ1*4..ȮĸƟŅĬĭŅĪ'ȮȮőėĶĚĽĶƟŅĚıŊŘĬģŅĬĽņėńĠĮĶŃĔŀĭħƟĺĵȮ
ŴajmsbȮj_`ŵȮĽņľĶńĭįŌƟŒĝƟĚŅĬȮŐĸŃȮŴqk_prȮj_`ŵȮĽņľĶńĭįŌƟĮĢŇĭńĨŇĔŅĶȮőėĶĚĽĶƟŅĚıŊŘĬģŅĬħńĚĔĸƞŅĺěŃŏĮƕħŒľƟĳŅėĺŇĝŅĔŅĶ
ŐĸŃĳŅėŀŋĨĽŅľĔĶĶĴŏĕƟŅĩŉĚŐĸŃŒĝƟĮĶŃőĵĝĬƢœħƟȮŐıĸĨĲŀĶƢĴŏĮƚŅľĴŅĵŒĬĔŅĶĸĚĪŋĬħńĚĔĸƞŅĺĮĶŃĔŀĭħƟĺĵȮ/'ȮŐıĸĨĲŀĶƢĴ
ĔŅĶŀŀĔŐĭĭŐĸŃĔŅĶŏĶňĵĬĶŌƟȮ&bcqgelȮ$Ȯjc_plȮnj_rdmpk'Ȯ0'ȮŐıĸĨĲŀĶƢĴĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶĪħĽŀĭȮ&qwlrfcqgqȮ$Ȯ
rcqrgleȮnj_rdmpk'ȮŐĸŃȮ1'ȮŐıĸĨĲŀĶƢĴĔŅĶĨĶĺěěńĭŐĸŃĔŅĶĺŇŏėĶŅŃľƢȮ&bcrcargmlȮ$Ȯ_l_jwqgqȮnj_rdmpk'ȮȮ 

 
ĨńĺŀĵƞŅĚŏėĶŊŗŀĚĴŊŀŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 

ĪňŗĴŅȮ8Ȯuuu,gqwl`gm,mpe-glqrgrsrgml+bcr_gj]cl,_qnv=bcr_gj;/43/ȮȮŐĸŃȮQwlrfcrgaȮ@gmjmewȮHmspl_jȮ0.00Ȯ 

 

3.4 ĽĩŅĬĳŅıŐĸŃŐĬĺőĬƟĴĔŅĶĨĸŅħįĸŇĨĳńĦĤƢŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻœĪĵȮ 

ĔŅĶįĸŇĨįĸŇĨĳńĦĤƢĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻŒĬŏĝŇĚıŅĦŇĝĵƢĩŊŀĺƞŅŏĮƦĬŏĶŊŗŀĚŒľĴƞ 
ŒĬĮĶŃŏĪĻœĪĵȮŐĸŃĵńĚœĴƞĴňĔŅĶěńħŏĔŖĭĕƟŀĴŌĸœĺƟŀĵƞŅĚŏĮƦĬĶŃĭĭȮŒĬĔŅĶĻŉĔļŅĬňŘȮŏĮƦĬėĺŅĴıĵŅĵŅĴŒĬĔŅĶĝňŘŒľƟŏľŖĬőŀĔŅĽ
ŐĸŃĻńĔĵĳŅıŒĬĔŅĶĸĚĪŋĬŏıŊŗŀĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢőħĵĴŋƞĚŏĬƟĬĽŅĕŅĪňŗĮĶŃŏĪĻœĪĵŏĶŇŗĴĴňĔŅĶĸĚĪŋĬŐĸƟĺȮľĶŊŀĴňėĺŅĴıĶƟŀĴ
ĕŀĚŏĪėőĬőĸĵňŐĸƟĺŒĬĨƞŅĚĮĶŃŏĪĻŏĮƦĬŀńĬħńĭŐĶĔȮħńĚĬňŘȮȮ 
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1,2,/ȮŀŋĨĽŅľĔĶĶĴŏĔļĨĶ 
 ĳŅėŏĔļĨĶŏĮƦĬģŅĬĕŀĚėĺŅĴĴńŗĬėĚĪŅĚħƟŅĬŀŅľŅĶȮŐĸŃŏĮƦĬŐľĸƞĚĽĶƟŅĚĶŅĵœħƟĕŀĚĮĶŃĝŅĔĶĽƞĺĬŒľĠƞĕŀĚ
ĮĶŃŏĪĻȮĔŅĶĬņŏĪėőĬőĸĵňħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴŅŒĝƟŏıŊŗŀĵĔĶŃħńĭĔŅĶıńĥĬŅĔŅĶŏĔļĨĶĕŀĚĮĶŃŏĪĻœĪĵŏĮƦĬœĮŒĬ
ĪŇĻĪŅĚŏħňĵĺĔńĭĪŇĻĪŅĚĕŀĚőĸĔȮĔĸƞŅĺėŊŀȮĔŅĶĬņĴŅŒĝƟŏıŊŗŀĔŅĶĮĶńĭĮĶŋĚıńĬīŋƢıŊĝȮĽńĨĺƢŏıŊŗŀŒľƟĴňėŋĦĽĴĭńĨŇĪňŗĨƟŀĚĔŅĶȮŏĝƞĬȮ
ĔŅĶĸħĔŅĶĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔȮĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔėŅĶƢĭŀĬœħŀŀĔœĞħƢŒĬĔŅĶĽĶƟŅĚįĸįĸŇĨȮĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔ
ĮƤěěńĵĔŅĶįĸŇĨȮ&ĮŋƜĵȮĬŘņ'ȮŒľƟŏĔŇħĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħȮĔŅĶıńĥĬŅĮƤěěńĵĔŅĶįĸŇĨŏıŊŗŀĔŅĶĮĶńĭĮĶŋĚĭņĶŋĚħŇĬőħĵĔŅĶŀŀĔŐĭĭ
ŒľƟŐĭėĪňŏĶňĵĨĶŉĚœĬőĨĶŏěĬ45ȮĔŅĶıńĥĬŅĺńėĞňĬȮŐĸŃĔŅĶįĸŇĨĽŅĶŏĽĶŇĴĽŋĕĳŅıĽńĨĺƢȮŏĮƦĬĨƟĬȮ&ĨŅĶŅĚĪňŗȮ1+2'Ȯ 

ĨŅĶŅĚĪňŗȮ1+28ȮĽĩŅĬĳŅıĕŀĚīŋĶĔŇěŏĔļĨĶŐĸŃŏĮƚŅľĴŅĵĔŅĶŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ 
ĮĶŃŏĳĪĔŇěĔŅĶ ěņĬĺĬĭĶŇļńĪȮ

&ĶŅĵ' 
ĶŅĵœħƟ 
&ĸƟŅĬĭŅĪ' 

ĨńĺŀĵƞŅĚľĶŊŀĻńĔĵĳŅıĔŅĶŒĝƟĮĶŃőĵĝĬƢ 
ŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 

ŏĴĸŖħıńĬīŋƢȮŐĸŃĽƞĺĬĕĵŅĵıńĬīŋƢ Ȯ75. /6*5.. ¶ ıńĬīŋƢıŊĝĪňŗĨƟŅĬĪŅĬĨƞŀőĶėŐĸŃŐĴĸĚȮ 
¶ ıńĬīŋƢıŊĝĪňŗĨƟŅĬĪŅĬĽŅĶĮĶŅĭĺńĝıŊĝȮ 
¶ ıńĬīŋƢıŊĝĪňŗĴňėŋĦĽĴĭńĨŇĪňŗħňȮŏĝƞĬȮĴńĬĽņĮŃľĸńĚ 
ĮĶŇĴŅĦœĞĵŅœĬħƢĨŗņ 
¶ ıńĬīŋƢıŊĝĪňŗĴňĝƞĺĵĸħĔŅĶĽŌĠŏĽňĵĶŃľĺƞŅĚĔŅĶ 
ŏĔŖĭŏĔňŗĵĺľĶŊŀľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺȮȮ 
¶ ıńĬīŋƢıŊĝĪňŗĬņėŅĶƢĭŀĬœħŀŀĔœĞħƢĴŅŒĝƟŒĬĔŅĶ 
ĽĶƟŅĚĔŅĶŏĨŇĭőĨ 
¶ ıńĬīŋƢıŊĝĪňŗĽŅĴŅĶĩŒĝƟĮĶŃőĵĝĬƢěŅĔĪĶńıĵŅĔĶ 
&ĬŘņȮĮŋƜĵ'ȮœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮ 

ĮŋƜĵŏėĴň /*./6 7.*7.. ¶ ĽŅĶĭņĶŋĚıŊĝĝňĺĳŅıȮ 
ĵŅĮĶŅĭĻńĨĶŌıŊĝŐĸŃ 
ŏėĴňĳńĦĤƢŀŊŗĬȮŕȮŏıŊŗŀĔŅĶŏĔļĨĶ 

032 3.*6.. ¶ ĽŅĶĔņěńħĻńĨĶŌıŊĝĝňĺĳŅıȮ 

ŀŅľŅĶĽńĨĺƢȮ 17/ 330*23. ¶ ĽŅĶŏĽĶŇĴŀŅľŅĶ 
ŏĳĽńĝĳńĦĤƢŐĸŃŏĺĝĳńĦĤƢĽńĨĺƢ 5*02. 0..*... ¶ œıĶœĭőŀĨŇĔĽƢȮ 

¶ ĺńėĞňĬĽńĨĺƢȮ 
ȮĪňŗĴŅȮ8ȮĔĶĴıńĥĬŅīŋĶĔŇěĔŅĶėƟŅȮ 
 

&/' ŏĴĸŖħıńĬīŋƢ 
ĮƖȮı.Ļ. 2565 īŋĶĔŇěŏĴĸŖħıńĬīŋƢĽĶƟŅĚĶŅĵœħƟĮĶŃĴŅĦȮ18,000 ĸƟŅĭĭŅĪȮȮĮĶŃĴŅĦėĶŉŗĚľĬŉŗĚĕŀĚĶŅĵœħƟŏĔŇħěŅĔ

ĔŅĶĽƞĚŀŀĔȮȮŏĴĸŖħıńĬīŋƢĪňŗĮĶŃŏĪĻœĪĵĽƞĚŀŀĔĴŅĔȮœħƟŐĔƞȮŏĴĸŖħıńĬīŋƢĕƟŅĺőıħȮ&3,737 ĸƟŅĬĭŅĪ'ȮŏĴĸŖħıńĬīŋƢĴŃŏĕŊŀŏĪĻȮ
&/*2.6ȮĸƟŅĬĭŅĪ'ȮŏĴĸŖħıńĬīŋƢŐĨĚőĴȮ&731ȮĸƟŅĬĭŅĪ'ȮŏĴĸŖħıńĬīŋƢıĶŇĔȮ&6.3ȮĸƟŅĬĭŅĪ'ȮŐĸŃŏĴĸŖħıńĬīŋƢŐĨĚĔĺŅȮ 
&202ȮĸƟŅĬĭŅĪ'ȮȮ 
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ĺŇěńĵŐĸŃıńĥĬŅŏĴĸŖħıńĬīŋƢĞŉŗĚĴňěņĬĺĬĶĺĴĔńĬĮĶŃĴŅĦȮ1.ȮĶŅĵȮ&ĶĺĴĭĶŇļńĪĨƞŅĚĮĶŃŏĪĻ'ȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚĭĶŇļńĪ 
ĪňŗĴňĔŅĶĬņŏĪėőĬőĸĵňĝňĺĳŅıĽĴńĵŒľĴƞĴŅŒĝƟŐĸƟĺȮȮ 

őŀĔŅĽŒĬĔŅĶŏĕƟŅĽŌƞĨĸŅħȮĴňėĺŅĴŏĮƦĬœĮœħƟĽŌĚŀńĬŏĬŊŗŀĚěŅĔĶńģĭŅĸĴňĬőĵĭŅĵĽƞĚŏĽĶŇĴĔŅĶŒĝƟŏĪėőĬőĸĵň 
ĔŅĶĮĶńĭŐĨƞĚěňőĬĴȮĕĦŃĬňŘŀĵŌƞĶŃľĺƞŅĚĔŅĶĪņĮĶŃĔŅĻĔĶŃĪĶĺĚŏĔļĨĶŐĸŃĽľĔĶĦƢ ŏĶŊŗŀĚȮĔŅĶĕŀĶńĭĶŀĚĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅ
ěŅĔŏĪėőĬőĸĵňĔŅĶĮĶńĭŐĨƞĚěňőĬĴȮŏıŊŗŀŒĝƟĮĶŃőĵĝĬƢŒĬĳŅėĔŅĶŏĔļĨĶ ı,Ļ,Ȯ2567ȮȮĬŀĔěŅĔĬňŘȮĭĶŇļńĪĪňŗĴňĔŅĶıńĥĬŅ
ŏĪėőĬőĸĵňħńĚĔĸƞŅĺĝńŘĬĬņĕŀĚőĸĔȮŏĝƞĬȮBayer CropScience ľĶŊŀȮSyngenta Group ŏĮƦĬĭĶŇļńĪĪňŗœħƟŒĝƟĮĶŃŏĪĻœĪĵ
ŏĮƦĬģŅĬĔŅĶįĸŇĨŏĴĸŖħıńĬīŋƢȮĭĶŇļńĪĝńŘĬĬņĕŀĚĮĶŃŏĪĻœĪĵĴňŐįĬŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňħńĚĔĸƞŅĺŏĝƞĬĔńĬȮĶĺĴĩŉĚ 
ĴňĔŅĶĺŇěńĵŒĬħƟŅĬħńĚĔĸƞŅĺőħĵĬńĔĺŇěńĵœĪĵ œħƟŐĔƞȮĕƟŅĺȮĴńĬĽņĮŃľĸńĚȮŀƟŀĵȮĩńŗĺŏľĸŊŀĚȮĩńŗĺŏĕňĵĺȮĔĸƟĺĵȮĴŃĸŃĔŀȮĴŃŏĕŊŀŏĪĻȮ
ĔĸƟĺĵœĴƟľĺŅĵȮıŇĪŌŏĬňĵȮĲƚŅĪŃĸŅĵőěĶȮĽńĭĮŃĶħȮŐĨĚĔĺŅȮŐĸŃĔńĠĝŅȮőħĵŏĮƚŅľĴŅĵĕŀĚĔŅĶĺŇěńĵȮœħƟŐĔƞȮĨƟŅĬĪŅĬőĶėȮ 
ĪĬĪŅĬėĺŅĴŏėĶňĵħěŅĔĽŇŗĚœĴƞĴňĝňĺŇĨȮėĺĭėŋĴĔŅĶŏěĶŇĠŏĨŇĭőĨȮŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŒĝƟœĬőĨĶŏěĬȮĶĺĴĩŉĚĔŅĶĽĶƟŅĚ
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ĮŋƜĵŏėĴňŏĮƦĬŀŋĨĽŅľĔĶĶĴĪňŗĮĶŃŏĪĻœĪĵıŉŗĚĔŅĶĬņŏĕƟŅěŅĔĨƞŅĚĮĶŃŏĪĻŏĔŊŀĭĪńŘĚľĴħȮĔŅĶħņŏĬŇĬīŋĶĔŇěěŉĚŏĮƦĬ
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ŏĮƦĬįŌƟįĸŇĨĮŋƜĵŏėĴňěņĬĺĬȮ1,018 ĭĶŇļńĪȮĴňĶŅĵœħƟěŅĔĔŅĶħņŏĬŇĬīŋĶĔŇěĮĶŃĴŅĦȮ90,900 ĸƟŅĬĭŅĪȮĩŊŀŏĮƦĬĨĸŅħĕĬŅħŒľĠƞȮȮ
ĮĶŃŏĪĻœĪĵŏĶŇŗĴĬņŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴŅŒĝƟŒĬĔŅĶıńĥĬŅĽŅĶĝňĺĳŅıŏıŊŗŀŏĶƞĚĔŅĶŏěĶŇĠŏĨŇĭőĨ
ĕŀĚıŊĝȮħńĚĔĶĦňĕŀĚĭĶŇļńĪȮœĭőŀĴȮěņĔńħȮȮ 
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ŐĸŃĽņĬńĔĚŅĬıńĥĬŅĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŐľƞĚĝŅĨŇȮ 

œħƟıńĥĬŅěŋĸŇĬĪĶňĵƢŏıŊŗŀŏĽĶŇĴĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚıŊĝȮȮȮ  
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46 Marc-Sven Roell, Matias D Zurbriggen.(2020) The impact of synthetic biology for future agriculture and nutrition, Current 
Opinion in Biotechnology,  Volume 4/, 0.0., p /.0+/.7, 
https://www.sciencedirect.com/science/article/pii/S.736/447/71./.1X 
47 ĽĴŅėĴŏĪėőĬőĸĵňĽńĴıńĬīƢ.(2567) ĽĶŋĮįĸěŅĔĔŅĶĽŀĭĚŅĬĺŇěńĵĪňŗĔņĸńĚħņŏĬŇĬĔŅĶŏĔňŗĵĺĔńĭĔŅĶŐĔƟœĕ/ĮĶńĭŐĨƞĚĵňĬŒĬıŊĝȮĶŃľĺƞŅĚĺńĬĪňŗȮ4 Ĵ.ė.-1Ȯ
Ĕ.ı. 2567  
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ŏĝŊŘŀĪňŗŏĮƦĬĽŅĵıńĬīŋƢĕŀĚĨƞŅĚĮĶŃŏĪĻȮěŉĚĽƞĚįĸĨƞŀĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĮƚŀĚĔńĬľĶŊŀĶńĔļŅőĶėȮĮĶŃĔŀĭĔńĭĔŅĶĴňĕƟŀľƟŅĴ 
ŒĬĔŅĶŒĝƟĵŅĮĢŇĝňĺĬŃŒĬĔŅĶĶńĔļŅőĶėŒĬĽńĨĺƢȮĶĺĴĩŉĚįŌƟěņľĬƞŅĵįĸŇĨĳńĦĤƢěŅĔŏĬŊŘŀĽńĨĺƢȮŐĸŃĶƟŅĬŀŅľŅĶȮȮěŉĚŏĮƦĬŐĶĚįĸńĔħńĬ
ŒľƟŏĔŇħĔŅĶėŇħėƟĬŏıŊŗŀıńĥĬŅįĸŇĨĳńĦĤƢĪŅĚŏĸŊŀĔŒĬĔŅĶħŌŐĸĽŋĕĳŅıĽńĨĺƢȮħńĚĔĶĦňĕŀĚĭĶŇļńĪȮĵŌĬŇĲŅĶƢĽȮěņĔńħȮœħƟıńĥĬŅ
ĽŅĶęƞŅŏĝŊŘŀěŅĔŐĭėŏĪŀĶŇőŀŏĲěȮ&@_arcpgmnf_ec'ȮȮĪňŗĽŅĴŅĶĩŒĝƟĔņěńħŏĝŊŘŀŐĭėĪňŏĶňĵȮq_jkmlcjj_ȮĽŅĵıńĬīŋƢĔƞŀőĶė 
ŒĬĽńĨĺƢȮŐĸŃįĸŇĨĳńĦĤƢŏĲěŏıŊŗŀĔņěńħŏĝŊŘŀŐĭėĪňŏĶňĵȮtg`pgmȮŒĬĽńĨĺƢĬŘņȮŏĝƞĬȮĔŋƟĚȮĮĸŅȮȮ 

ĔĸŋƞĴŏĮƚŅľĴŅĵĪňŗĴňĻńĔĵĳŅıŒĬĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮėŊŀȮĭĶŇļńĪĪňŗħņŏĬŇĬīŋĶĔŇě
ŏĔňŗĵĺĔńĭĵŅĽńĨĺƢȮŀŅľŅĶŏĽĶŇĴĽņľĶńĭĽńĨĺƢőħĵŏĜıŅŃĪňŗŏĮƦĬĽĴŅĝŇĔĽĴŅėĴīŋĶĔŇěŏĺĝĳńĦĤƢĽńĨĺƢěņĬĺĬȮ57ȮĭĶŇļńĪȮĶĺĴĩŉĚ
ĭĶŇļńĪĽĨŅĶƢĪŀńıĪňŗĴňŐıĸĨĲŀĶƢĴħƟŅĬŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮȮ 

őŀĔŅĽŒĬĔŅĶŏĕƟŅĽŌƞĨĸŅħȮĴňėĺŅĴŏĮƦĬœĮœħƟĽŌĚȮŏĬŊŗŀĚěŅĔĔġľĴŅĵľƟŅĴĔŅĶŒĝƟĵŅĮĢŇĝňĺĬŃŒĬĔŅĶŏĸňŘĵĚĽńĨĺƢȮŏıŊŗŀ
ĮƚŀĚĔńĬĮƤĠľŅĔŅĶħŊŘŀĵŅĨƟŅĬěŋĸĝňıȮ&?KP'ȮĞŉŗĚŏĮƦĬĽŅŏľĨŋĔŅĶŏĽňĵĝňĺŇĨĪňŗĴňŏĮƦĬěņĬĺĬĴŅĔȮȮħƟĺĵŐĬĺőĬƟĴħńĚĔĸƞŅĺ 
ĴňįŌƟĮĶŃĔŀĭĔŅĶĬņŏĕƟŅįĸŇĨĳńĦĤƢĴŅěņľĬƞŅĵŐĸŃŏĶŇŗĴĴňĔŅĶĺŇěńĵŐĸŃıńĥĬŅĬĺńĨĔĶĶĴŒĬĭĶŇļńĪįŌƟįĸŇĨŀŅľŅĶĽńĨĺƢ 
ĶŅĵŒľĠƞĕŀĚĮĶŃŏĪĻœĪĵȮȮ 

&3'ȮĔŅĶŒĝƟĮĶŃőĵĝĬƢĪŅĚĔŅĶŏĔļĨĶȮȮ 
ŒĬŏĝŇĚŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĔŅĶįĸŇĨĽŇĬėƟŅŏĔļĨĶĕŀĚĕŀĚĮĶŃŏĪĻœĪĵľĸŅĵĝĬŇħŀĵŌƞŒĬŏĔĦĤƢĨŗņȮĴňĨƟĬĪŋĬ

ĔŅĶįĸŇĨŏĜĸňŗĵŀĵŌƞŒĬŏĔĦĤƢĽŌĚȮȮěŉĚĪņŒľƟŏĔļĨĶĔĶĴňĶŅĵœħƟĪňŗĬƟŀĵȮȮĬŀĔěŅĔĬňŘȮĵńĚĽƞĚįĸħƟŅĬĸĭĨƞŀŀŋĨĽŅľĔĶĶĴĨƞŀŏĬŊŗŀĚ 
ĪňŗœĴƞĽŅĴŅĶĩŒĝƟĔņĸńĚĔŅĶįĸŇĨœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮĪńŘĚĬňŘȮĽĩŅĭńĬŀŋĨĽŅľĔĶĶĴŏıŊŗŀĔŅĶŏĔļĨĶȮĽĳŅŀŋĨĽŅľĔĶĶĴ 



114 

ŐľƞĚĮĶŃŏĪĻœĪĵȮĴňĕƟŀŏĽĬŀŒľƟĮĶŃŏĪĻœĪĵĬņŏĪėőĬőĸĵňĔŅĶĮĶńĭŐĨƞĚěňőĬĴĴŅŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚıńĬīƢıŊĝőħĵŏĜıŅŃ 
ŒĬĔĸŋƞĴıŊĝȮœħƟŐĔƞȮŀƟŀĵȮŐĸŃĴńĬĽņĮŃľĸńĚ48ȮĞŉŗĚĴňėĺŅĴĨƟŀĚĔŅĶŒĝƟŒĬĮĶŃŏĪĻĽŌĚȮŏĴŊŗŀĮĶŃĔŀĭĔńĭĪŇĻĪŅĚĬőĵĭŅĵĕŀĚĶńģĭŅĸ
ĪňŗĴŋƞĚĽƞĚŏĽĶŇĴĔŅĶĵĔĶŃħńĭĮĶŃĽŇĪīŇĳŅıĔŅĶįĸŇĨŒĬĳŅėŏĔļĨĶŒľƟĽŌĚĕŉŘĬȮěŉĚĴňėĺŅĴŏĮƦĬœĮœħƟŀĵƞŅĚĴŅĔȮĪňŗŏĔļĨĶĔĶěŃĬņ
ĬĺńĨĔĶĶĴħƟŅĬĔŅĶŏĔļĨĶĴŅŒĝƟŒĬĺĚĔĺƟŅĚŏıŊŗŀĔŅĶŏıŇŗĴįĸįĸŇĨȮĸħĔŅĶĽŌĠŏĽňĵȮľĶŊŀĔŅĶĽĶƟŅĚėŋĦėƞŅŒľĴƞŒľƟĔńĭįĸįĸŇĨ
ĕŀĚĨĬŏŀĚȮ 

Ȯ1,1,0ȮŀŋĨĽŅľĔĶĶĴŀŅľŅĶ 
ŀŅľŅĶĪňŗŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪňŗěņľĬƞŅĵŒĬŏĝŇĚıŅĦŇĝĵƢŐĸƟĺȮėŊŀȮȮįĸŇĨĳńĦĤƢŏĬŊŘŀĽńĨĺƢ

ěŅĔĔŅĶŏıŅŃŏĸňŘĵĚŏĬŊŘŀŏĵŊŗŀȮ&asjrspcbȮkc_r'ȮŏĬŊŗŀĚěŅĔŏĪėőĬőĸĵňħńĚĔĸƞŅĺĶƞĬĶŃĵŃŏĺĸŅĔŅĶįĸŇĨŏĬŊŘŀĽńĨĺƢŒľƟŏľĸŊŀŏıňĵĚȮ
3+5ȮĽńĮħŅľƢȮŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶįĸŇĨŏĬŊŘŀĺńĺĪňŗŒĝƟŏĺĸŅĬŅĬĩŉĚȮ//0ȮĽńĮħŅľƢȮŒĬŏĝŇĚŏĮĶňĵĭŏĪňĵĭȮasjrspcbȮkc_rȮĽĶƟŅĚ
įĸĔĶŃĪĭĨƞŀĽŇŗĚŐĺħĸƟŀĴĬƟŀĵĔĺƞŅĔŅĶŏĸňŘĵĚĮĻŋĽńĨĺƢĮĶŃŏĳĪŀŊŗĬȮœĴƞĺƞŅěŃŏĮƦĬĪĶńıĵŅĔĶŀŅľŅĶŐĸŃĬŘņȮıŊŘĬĪňŗŏĸňŘĵĚȮĶĺĴĩŉĚ
ĮĸƞŀĵĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ&AM0'ȮĬƟŀĵĔĺƞŅĔŅĶŏĸňŘĵĚĮĻŋĽńĨĺƢĮĶŃŏĳĪŀŊŗĬȮ3+0.ȮŏĪƞŅȮȮIpslerf_gȮAMKN?QQȮ
&0343'49ȮėŅħĺƞŅȮŒĬĮƖȮı,Ļ,Ȯ0351ȮĨĸŅħȮasjrspcbȮKc_rȮĕŀĚĮĶŃŏĪĻœĪĵěŃĴňĴŌĸėƞŅĮĶŃĴŅĦȮ0,3ȮıńĬĸƟŅĬĭŅĪȮȮ
őħĵĴňĽƞĺĬŐĭƞĚĨĸŅħĮĶŃĴŅĦĶƟŀĵĸŃȮ1ȮĕŀĚĴŌĸėƞŅĨĸŅħŏĬŊŘŀĽńĨĺƢĕŀĚœĪĵȮȮŀĵƞŅĚœĶĔŖħňȮėĺŅĴĪƟŅĪŅĵĽņėńĠȮėŊŀĨƟĬĪŋĬ
ĔŅĶįĸŇĨĪňŗĽŌĚȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĕƟŀĴŌĸěŅĔĔŅĶĽńĴĳŅļĦƢĭĶŇļńĪŏŀĔĝĬĝńŘĬĬņħƟŅĬŀŅľŅĶȮĪňŗĶŃĭŋĺƞŅĭĶŇļńĪĵńĚœĴƞıĶƟŀĴĪňŗěŃ
ĸĚĪŋĬŒĬŏĪėőĬőĸĵňħńĚĔĸƞŅĺŒĬŏĺĸŅĬňŘȮȮŏĬŊŗŀĚěŅĔĨĸŅħĵńĚĴňĕĬŅħėƞŀĬĕƟŅĚŏĸŖĔȮŐĨƞěŃŏĶŇŗĴĨƟĬħƟĺĵĔŅĶĬņŏĕƟŅįĸŇĨĳńĦĤƢŏıŊŗŀ
ĪħĽŀĭėĺŅĴŏĮƦĬœĮœħƟĪŅĚĔŅĶĨĸŅħȮĬŀĔěŅĔĬňŘȮįŌƟĮĶŃĔŀĭĔŅĶœĪĵĴňőŀĔŅĽıńĥĬŅĨƞŀĵŀħŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵň
ħńĚĔĸƞŅĺħńĚĨŅĶŅĚĪňŗȮ1+3 
 ĽĨŅĶƢĪŀńıȮMuu ŏĮƦĬĨńĺŀĵƞŅĚĕŀĚĔŅĶĬņŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴŅįĸŇĨĬĴěŅĔőĮĶĨňĬŏėĞňĬŐĸŃŏĺĵƢ
őħĵŒĝƟĔĶŃĭĺĬĔŅĶľĴńĔěŅĔěŋĸŇĬĪĶňĵƢĝĬŇħıŇŏĻļȮįĸŇĨĳńĦĤƢĬĴĪňŗœħƟĴňėŋĦĽĴĭńĨŇŏĝƞĬŏħňĵĺĔńĭĬĴĪňŗŏĸňŘĵĚěŅĔĲŅĶƢĴŐĨƞ
ĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔĪňŗĨŗņĔĺƞŅȮȮȮ 
ĽĨŅĶƢĪŀńıȮMuu ĽńĚŏėĶŅŃľƢőĮĶĨňĬľĸńĔŒĬĬĴĺńĺȮ0ȮĝĬŇħȮœħƟŐĔƞȮőĮĶĨňĬŏėĞňĬȮŐĸŃőĮĶĨňĬŏĺĵƢȮĞŉŗĚŏĮƦĬĽƞĺĬĮĶŃĔŀĭľĸńĔĪňŗ 
ŒľƟĶĽĝŅĨŇŐĸŃĶĽĽńĴįńĽĪňŗĬŋƞĴĬĺĸĕŀĚĬĴȮőħĵĽńĚŏėĶŅŃľƢĝŋħĸņħńĭȮ
BL?ȮĕŀĚŏĞĸĸƢĪňŗĪņľĬƟŅĪňŗįĸŇĨőĮĶĨňĬĬĴĕŀĚŐĴƞĺńĺŐĸŃĬņœĮŒĽƞŒĬ
ŏĞĸĸƢěŋĸŇĬĪĶňĵƢȮĔƞŀĬĬņœĮįƞŅĬĔĶŃĭĺĬĔŅĶľĴńĔȮ&dcpkclr_rgml'Ȯ
ŀŋĦľĳŌĴŇĪňŗŏľĴŅŃĽĴȮėĺĭėŋĴėĺŅĴŏĮƦĬĔĶħ+ħƞŅĚȮœħƟįĸįĸŇĨŏĮƦĬ
őĮĶĨňĬĬĴŒĬĶŌĮŐĭĭįĚȮŐĸŃŏĨŇĴĽƞĺĬĮĶŃĔŀĭȮœħƟŐĔƞȮœĕĴńĬȮĬŘņĨŅĸȮ
ŐĸŃĬŘņŏĮĸƞŅ œħƟŏĮƦĬįĸŇĨĳńĦĤƢĬĴĪňŗĴňĶĽĝŅĨŇŐĸŃĶĽĽńĴįńĽŏľĴŊŀĬ
ĬĴĺńĺȮĬŀĔěŅĔĬňŘȮőĮĶĨňĬĬĴħńĚĔĸƞŅĺĵńĚĽŅĴŅĶĩĬņœĮŐĮĶĶŌĮŏĮƦĬ
įĸŇĨĳńĦĤƢĬĴŀŊŗĬȮŕȮŏĝƞĬȮĝňĽȮőĵŏĔŇĶƢĨȮŐĸŃœŀĻĔĶňĴȮœħƟŀňĔħƟĺĵ 
ĪňŗĴŅȮ8ȮěŅĔĔŅĶĽńĴĳŅļĦƢȮ01ȮĴĔĶŅėĴȮ0345Ȯ 

 

 
48 ĽĩŅĭńĬŀŋĨĽŅľĔĶĶĴŏıŊŗŀĔŅĶŏĔļĨĶȮĽĳŅŀŋĨĽŅľĔĶĶĴŐľƞĚĮĶŃŏĪĻœĪĵȮ&0345'ȮȮĽĶŋĮĶŅĵĚŅĬĔŅĶĮĶŃĝŋĴŏıŊŗŀľŅĶŊŀŐĬĺĪŅĚĔŅĶįĸńĔħńĬĔŅĶ

ħņŏĬŇĬĚŅĬĨŅĴȮSynBio Roadmap ŐĸŃȮGene Editing Technology ŒĬĮĶŃŏĪĻœĪĵ ŒĬĺńĬŀńĚėŅĶĪňŗȮ4 ĴŇĩŋĬŅĵĬȮ2567 ŏĺĸŅȮ13.00 ů 15.00 Ĭ,Ȯ
ĦȮľƟŀĚĮĶŃĝŋĴȮPTT GROUP (1012) ĝńŘĬȮ10 ĽĳŅŀŋĨĽŅľĔĶĶĴŐľƞĚĮĶŃŏĪĻœĪĵȮŐĸŃįƞŅĬĶŃĭĭŀŀĬœĸĬƢȮZoom Meeting 
49 Krungthai COMPASS.(2565). ĪņėĺŅĴĶŌƟěńĔȮCultured  meat ŐľĸƞĚőĮĶĨňĬŒľĴƞŐľƞĚőĸĔŀĬŅėĨ, 
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ĨŅĶŅĚĪňŗȮ1+38ȮĽĩŅĬĳŅıĕŀĚīŋĶĔŇěŀŅľŅĶŐĸŃŏĮƚŅľĴŅĵĔŅĶŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ 
ĮĶŃŏĳĪĔŇěĔŅĶ ěņĬĺĬĭĶŇļńĪȮ

&ĶŅĵ' 
ĶŅĵœħƟ 
&ĸƟŅĬĭŅĪ' 

ĨńĺŀĵƞŅĚľĶŊŀĻńĔĵĳŅıĔŅĶŒĝƟĮĶŃőĵĝĬƢ 
ŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 

ŏĬŊŘŀĽńĨĺƢ /*440 27/*... ¶ ĔŅĶįĸŇĨŏĬŊŘŀĽńĨĺƢĪňŗŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴȮȮ 
ĬŘņĬĴħŇĭ 40 4/*/03 ¶ ĔŅĶįĸŇĨĬĴŏıŊŗŀĽŋĕĳŅıŐĸŃŏĮƦĬĴŇĨĶĨƞŀ

ĽŇŗĚŐĺħĸƟŀĴȮȮ 
įĸŇĨĳńĦĤƢĬĴ 2/6 //5*... ¶ įĸŇĨĳńĦĤƢĬĴŏıŊŗŀĽŋĕĳŅıŐĸŃŏĮƦĬĴŇĨĶĨƞŀ

ĽŇŗĚŐĺħĸƟŀĴȮȮ 
ĞŀĽŐĸŃŏėĶŊŗŀĚĮĶŋĚĶĽ 07. 16*40. ¶ ĔŅĶıńĥĬŅĽŅĶŒľƟĔĸŇŗĬĶĽ 
ĪňŗĴŅȮ8ȮĔĶĴıńĥĬŅīŋĶĔŇěĔŅĶėƟŅȮ 
 

ĔĸŋƞĴŏĮƚŅľĴŅĵĪňŗĴňĻńĔĵĳŅıŒĬĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮėŊŀȮĭĶŇļńĪĪňŗħņŏĬŇĬīŋĶĔŇě 
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŀŅľŅĶȮĽĨŅĶƢĪŀńıŒĬĔĸŋƞĴŀŅľŅĶŐľƞĚŀĬŅėĨĞŉŗĚĮƤěěŋĭńĬĴňěņĬĺĬȮ1/ȮĭĶŇļńĪ50ȮŐĸŃĭĶŇļńĪĪňŗıńĥĬŅ
ŐıĸĨĲŀĶƢĴħƟŅĬŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮȮ 

őŀĔŅĽŒĬĔŅĶŏĕƟŅĽŌƞĨĸŅħȮĴňėĺŅĴŏĮƦĬœĮœħƟĽŌĚȮŏĬŊŗŀĚěŅĔĮĶŃŏĪĻœĪĵĴňģŅĬĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴŀŅľŅĶĪňŗħňȮ
ĶĺĴĩŉĚĳŅėŏŀĔĝĬĴňėĺŅĴĨŊŗĬĨńĺŒĬĔŅĶĽĶƟŅĚĬĺńĨĔĶĶĴȮĮĶŃĔŀĭĔńĭĴňĔŅĶĽĶƟŅĚĶŃĭĭĬŇŏĺĻŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶŏĕƟŅĽŌƞ
ŀŋĨĽŅľĔĶĶĴŀŅľŅĶĶŌĮŐĭĭŒľĴƞĪňŗĴňĔŅĶŒĝƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴĪňŗĽŌĚĕŉŘĬȮĪńŘĚĔŅĶŒľƟĽŇĪīŇĮĶŃőĵĝĬƢŒĬĔŅĶĸĚĪŋĬȮĔŅĶ
ěńħĪņŐĬĺĪŅĚĮĢŇĭńĨŇŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴĮĸŀħĳńĵħƟŅĬŀŅľŅĶĕŀĚŏĬŊŘŀĽńĨĺƢŏıŅŃŏĸňŘĵĚȮ&cultured meat)  ĽņĬńĔĚŅĬ
ėĦŃĔĶĶĴĔŅĶŀŅľŅĶŐĸŃĵŅȮĮĶŃĔŅĻĶŅĵĝŊŗŀľĬƞĺĵĮĶŃŏĴŇĬėĺŅĴĮĸŀħĳńĵŀŅľŅĶŒľĴƞȮ&Novel Food) őħĵĶĺĴĩŉĚ
ŀŅľŅĶĕŀĚŏĬŊŘŀĽńĨĺƢŏıŅŃŏĸňŘĵĚħƟĺĵȮĶĺĴĩŉĚĴňĭĶŇļńĪĪňŗŐĽħĚėĺŅĴĮĶŃĽĚėƢĕŀĶńĭĔŅĶĮĶŃŏĴŇĬėĺŅĴĮĸŀħĳńĵħƟŅĬŀŅľŅĶ
ĕŀĚŏĬŊŘŀĽńĨĺƢŏıŅŃŏĸňŘĵĚŐĸƟĺȮŐĸŃėŅħĺƞŅěŃĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬȮ 

3.3.3 ŀŋĨĽŅľĔĶĶĴıĸńĚĚŅĬĝňĺĳŅı 
 ŀŋĨĽŅľĔĶĶĴıĸńĚĚŅĬĴňĴŌĸėƞŅĶĺĴĔĺƞŅȮ4 ĸƟŅĬĸƟŅĬĭŅĪȮőħĵŏĮƦĬĶŅĵœħƟĪňŗŏĔŇħěŅĔĔŅĶĬņŏĕƟŅĬŘņĴńĬħŇĭŏıŊŗŀĴŅĔĸńŗĬ
ŏĮƦĬįĸŇĨĳńĦĤƢĽņŏĶŖěĶŌĮĨƞŅĚȮŕȮĨŅĴėĺŅĴėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħȮȮĔŅĶĬņŏĕƟŅıĸńĚĚŅĬĴňĽńħĽƞĺĬĽŌĚĔĺƞŅĶƟŀĵĸŃȮ4.ȮĕŀĚ
ėĺŅĴĨƟŀĚĔŅĶŒĝƟıĸńĚĚŅĬĳŅĵŒĬĮĶŃŏĪĻŐĸŃĔŅĶĬņŏĕƟŅıĸńĚĚŅĬĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮĕĦŃĪňŗĮĶŃŏĪĻœĪĵ 
ĴňįĸįĸŇĨĪŅĚĔŅĶŏĔļĨĶŐĸŃĕŀĚŏĽňĵŒĬĔĶŃĭĺĬĔŅĶįĸŇĨěņĬĺĬĴŅĔĪňŗŏŀŊŘŀĨƞŀĔŅĶĬņĴŅįĸŇĨŏĮƦĬıĸńĚĚŅĬĪħŐĪĬȮ 
ěŉĚŏĮƦĬĪňŗĴŅĕŀĚĔŅĶěńħĪņŐįĬıńĥĬŅıĸńĚĚŅĬĪħŐĪĬőħĵĴňŏĮƚŅľĴŅĵŏıŇŗĴĽńħĽƞĺĬĔŅĶŒĝƟıĸńĚĚŅĬĪħŐĪĬŏĮƦĬĶƟŀĵĸŃȮ30Ȯ
ĕŀĚĔŅĶŒĝƟıĸńĚĚŅĬĕńŘĬĨƟĬŏĴŊŗŀĽŇŘĬĽŋħŐįĬȮ&ı,Ļ,Ȯ036.'ȮœĴƞŏıňĵĚŐĨƞŀŋĨĽŅľĔĶĶĴŏĝŊŘŀŏıĸŇĚĝňĺĳŅıěŃĽŅĴŅĶĩŒĝƟĮĶŃőĵĝĬƢ
ěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮŐĨƞĵńĚĶĺĴĩŉĚįŌƟĮĶŃĔŀĭĔŅĶįĸŇĨĬŘņĴńĬĪňŗĴňőŀĔŅĽĽĶƟŅĚĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚĝňĺĳŅıěŅĔ
ĔĶŃĭĺĬĔŅĶĔĸńŗĬĬŘņĴńĬĪňŗĴňĮĶŇĴŅĦĔŅĶĮĸƞŀĵĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢĴŅĔħƟĺĵȮ&ĨŅĶŅĚĪňŗȮ1+4'ȮȮ 
  

 
50 ĶŅĵĚŅĬĔŅĶĽņĶĺěĕƟŀĴŌĸŐĸŃĻŉĔļŅŐĬĺĪŅĚĔŅĶıńĥĬŅĶŃĭĭĬŇŏĺĻĺŇĽŅľĔŇěŏĶŇŗĴĨƟĬħƟŅĬŏĪėőĬőĸĵňŀŅľŅĶĮƖı.Ļ.2564-2565.ȮĽņĬńĔĚŅĬĬĺńĨĔĶĶĴ
ŐľƞĚĝŅĨŇŐĸŃĭĶŇļńĪœĭőŀȮĭńħħňŘȮěņĔńħȮȮȮ 
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ĨŅĶŅĚĪňŗȮ1+4: ĽĩŅĬĳŅıĕŀĚīŋĶĔŇěŏĝŊŘŀŏıĸŇĚĝňĺĳŅıŐĸŃŏĮƚŅľĴŅĵĔŅĶŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ 
ĮĶŃŏĳĪĔŇěĔŅĶ ěņĬĺĬĭĶŇļńĪȮ&ĶŅĵ' ĶŅĵœħƟ 

&ĸƟŅĬĭŅĪ' 
ĨńĺŀĵƞŅĚľĶŊŀĻńĔĵĳŅıĔŅĶŒĝƟĮĶŃőĵĝĬƢ 
ŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 

ŏŀĪŅĬŀĸ 05 23*... ¶ ĔŅĶıńĥĬŅĔĶŃĭĺĬĔŅĶįĸŇĨŏıŊŗŀ 
ŒľƟįĸįĸŇĨĽŌĚĕŉŘĬȮȮ 

œĭőŀħňŏĞĸ /2 25*...Ȯ ¶ ĔŅĶıńĥĬŅėŋĦĳŅıĕŀĚįĸįĸŇĨ 
œĭőŀħňŏĞĸŒľƟĽŌĚĕŉŘĬŏıŊŗŀœĮĽŌƞĔŅĶŏĮƦĬ
ŏĝŊŘŀŏıĸŇĚĕŀĚŏėĶŊŗŀĚĭŇĬȮȮȮ 

ĬŘņĴńĬ /27 2*/32*... ¶ ĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚĝňĺĳŅıěŅĔ 

ĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢ51Ȯ 

ĪňŗĴŅȮ8ȮĮĶŃŏĴŇĬěŅĔĕƟŀĴŌĸĕŀĚĔĶĴıńĥĬŅıĸńĚĚŅĬĪħŐĪĬŐĸŃŀĬŋĶńĔļƢıĸńĚĚŅĬȮŐĸŃĔĶĴıńĥĬŅīŋĶĔŇěĔŅĶėƟŅ 

 
ĔĸŋƞĴŏĮƚŅľĴŅĵĪňŗĴňĻńĔĵĳŅıŒĬĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮėŊŀȮĭĶŇļńĪĪňŗħņŏĬŇĬīŋĶĔŇě 

ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶįĸŇĨĬŘņĴńĬȮĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚĝňĺĳŅıȮŐĸŃĭĶŇļńĪĪňŗıńĥĬŅŐıĸĨĲŀĶƢĴħƟŅĬŏĪėőĬőĸĵňĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢȮ 

őŀĔŅĽŒĬĔŅĶŏĕƟŅĽŌƞĨĸŅħȮĴňėĺŅĴŏĮƦĬœĮœħƟĽŌĚȮőħĵįĸŇĨĳńĦĤƢĪňŗŏĕƟŅĽŌƞĨĸŅħŒĬĝƞĺĚŐĶĔěŃŏĮƦĬĔĸŋƞĴįĸŇĨĳńĦĤƢŏħŇĴ
ĪňŗĴňĔŅĶĬņŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĴŅĮĶńĭŒĝƟŏıŊŗŀŏıŇŗĴįĸįĸŇĨŒľƟĽŌĚĕŉŘĬȮľĸńĚěŅĔĬńŘĬȮȮŏĮƦĬĔŅĶıńĥĬŅĨƞŀĵŀħœĮĽŌƞȮ
ŏĝŊŘŀŏıĸŇĚŒĬĔĸŋƞĴŒľĴƞȮŏĝƞĬȮŏĝŊŘŀŏıĸŇĚĽņľĶńĭŏėĶŊŗŀĚĭŇĬĞŉŗĚĴňėĺŅĴĨƟŀĚĔŅĶľŅŐľĸƞĚıĸńĚĚŅĬĪňŗĴňĔŅĶĮĸƞŀĵĔƠŅĞ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢĨŗņȮĶĺĴœĮĩŉĚĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢĪňŗįĸŇĨěŅĔĳŅėıĸńĚĚĚŅĬĪňŗŒĝƟŏĝŊŘŀŏıĸŇĚ
ĲŀĽĞŇĸŏıŊŗŀĬņœĮĽŌƞĔŅĶĭĶĶĸŋŏĮƚŅľĴŅĵėĺŅĴŏĮƦĬĔĸŅĚĪŅĚėŅĶƢĭŀĬȮ&a_p`mlȮlcsrp_jgrw'ȮľĶŊŀĔŅĶĮĸƞŀĵĔƠŅĞŏĶŊŀĬ
ĔĶŃěĔĽŋĪīŇŏĮƦĬĻŌĬĵƢȮ&LcrȮXcpm'ȮȮȮ 

1,1,2ȮŀŋĨĽŅľĔĶĶĴĺńĽħŋŐĸŃŏėĴňĝňĺĳŅı 
ĔŅĶĽƞĚŏĽĶŇĴĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĺńĽħŋĝňĺĳŅıŐĸŃŏėĴňĝňĺĳŅıŏıŊŗŀŏĮƦĬĔĸœĔĽĶƟŅĚĴŌĸėƞŅŏıŇŗĴŒľƟĔńĭįĸįĸŇĨ

ĪŅĚĔŅĶŏĔļĨĶĪňŗĮĶŃŏĪĻœĪĵĴňŀĵŌƞĴŅĔőħĵŒĝƟĺŇĪĵŅĔŅĶėĺŅĴĔƟŅĺľĬƟŅĪŅĚŏĪėőĬőĸĵňŒĬĔŅĶŐĮĶĶŌĮįĸįĸŇĨĪŅĚ
ĔŅĶŏĔļĨĶœĮĽŌƞįĸŇĨĳńĦĤƢĽŅĶĨńŘĚĨƟĬľĶŊŀįĸŇĨĳńĦĤƢĽņŏĶŖěĶŌĮĪňŗĴňĴŌĸėƞŅŏıŇŗĴĽŌĚȮŐĸŃĨŀĭĶńĭĨĸŅħĪňŗŒľƟėĺŅĴĽņėńĠĔńĭ
ĽŇŗĚŐĺħĸƟŀĴȮĪńŘĚĬňŘȮĶƟŀĵĸŃȮ7.ȮĕŀĚįĸŇĨĳńĦĤƢŏėĴňĪňŗŒĝƟĮƕőĨĶŏĸňĵĴŏĮƦĬĺńĨĩŋħŇĭĽŅĴŅĶĩŏĮĸňŗĵĬĴŅŒĝƟĺńĨĩŋħŇĭěŅĔĝňĺĳŅıœħƟȮȮ
őħĵĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢěŃĽƞĚįĸĨƞŀĔŅĶĶƞĬĶŃĵŃŏĺĸŅŐĸŃĨƟĬĪŋĬĔŅĶįĸŇĨĸĚȮĶĺĴĩŉĚœħƟ
įĸŇĨĳńĦĤƢĪňŗĴňėŋĦĽĴĭńĨŇıŇŏĻļĨĶĚĨŅĴėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħŐĸŃĴňėĺŅĴŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴȮ&ĨŅĶŅĚĪňŗȮ1+5'Ȯ 
  

 
51 Brooke Van Zandt.(2023).NREL Launches Synthetic Biology Project To Advance Biofuel Discovery Technologies With 
LanzaTech, Northwestern, and Yale. https://www.nrel.gov/news/program/2023/nrel-launches-synthetic-biology-project-to-
advance-biofuel-discovery-technologies-with-lanzatech-northwestern-and-yale.html 
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ĨŅĶŅĚĪňŗȮ1+7: ĽĩŅĬĳŅıĕŀĚīŋĶĔŇěĺńĽħŋŐĸŃŏėĴňĝňĺĳŅıŐĸŃŏĮƚŅľĴŅĵĔŅĶŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 
ĮĶŃŏĳĪĔŇěĔŅĶ ěņĬĺĬĭĶŇļńĪȮ&ĶŅĵ' ĶŅĵœħƟ 

&ĸƟŅĬĭŅĪ' 
ĨńĺŀĵƞŅĚľĶŊŀĻńĔĵĳŅıĔŅĶŒĝƟĮĶŃőĵĝĬƢ 
ŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 

ĔŅĶįĸŇĨŏėĴňĳńĦĤƢ
ŀŇĬĪĶňĵƢĕńŘĬĴŌĸģŅĬ 

124 22*5.. ¶ ĔŅĶıńĥĬŅŒľƟĽŅĶŏėĴňĴňėŋĦĽĴĭńĨŇıŇŏĻļ- 
ȮȮȮȮŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴ 

ĔŅĶįĸŇĨŏĽƟĬŒĵĮĶŃħŇļģƢ 7/ 60*1.. ¶ ĔŅĶıńĥĬŅŏĽƟĬŒĵŒľƟĴňėŋĦĽĴĭńĨŇıŇŏĻļ-
ŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴ 

ĔŅĶįĸŇĨŏĴŖħıĸŅĽĨŇĔ 455 27.*4.. ¶ ĔŅĶıńĥĬŅŏĴŖħıĸŅĽĨŇĔŒľƟĴňėŋĦĽĴĭńĨŇ
ĵƞŀĵĽĸŅĵœħƟ 

ĪňŗĴŅȮ8ȮĔĶĴıńĥĬŅīŋĶĔŇěĔŅĶėƟŅ 
 

ĭĶŇļńĪȮSpiber ěņĔńħȮĞŉŗĚŏĮƦĬĽĨŅĶƢĪŀńıěŅĔĴľŅĺŇĪĵŅĸńĵŏėőŀĕŀĚĠňŗĮŋƙĬįĸŇĨŏĽƟĬŒĵěŅĔőĮĶĨňĬőħĵȮĔĶŃĭĺĬĔŅĶľĴńĔ
ħƟĺĵěŋĸŇĬĪĶňĵƢĝĬŇħıŇŏĻļȮįĸŇĨŀŀĔĴŅŏĮƦĬįĚȮ(brewed protein)  ĞŉŗĚįĚħńĚĔĸƞŅĺĬņœĮįĸŇĨŏĽƟĬŒĵŏıŊŗŀŒĝƟŒĬŀŋĨĽŅľĔĶĶĴ
ľĸŅĔľĸŅĵȮȮĭĶŇļńĪħńĚĔĸƞŅĺŏĸŊŀĔĨńŘĚőĶĚĚŅĬŒĬĮĶŃŏĪĻœĪĵŏĬŊŗŀĚěŅĔĴňėĺŅĴıĶƟŀĴħƟŅĬĺńĨĩŋħŇĭȮ&ĬŘņĨŅĸ'ȮĞŉŗĚőĶĚĚŅĬŐľƞĚĬňŘĩŊŀŏĮƦĬ
őĶĚĚŅĬįĸŇĨĪňŗŒĝƟĔĶĶĴĺŇīňĔŅĶľĴńĔőĮĶĨňĬĕĬŅħŒľĠƞĪňŗĽŋħŒĬőĸĔħƟĺĵĔņĸńĚĔŅĶįĸŇĨĮĶŃĴŅĦȮ100 ĨńĬ/ĮƖȮŏĶŇŗĴĔŅĶįĸŇĨěĶŇĚŒĬĮƖȮ
ı,Ļ,Ȯ2565  ŒĬĮƖħńĚĔĸƞŅĺĭĶŇļńĪĴňĶŅĵœħƟěŅĔĔŅĶěņľĬƞŅĵįĸŇĨĳńĦĤƢĮĶŃĴŅĦ84 ĸƟŅĬĭŅĪȮŐĸŃĮƖȮı,Ļ,Ȯ2566 ĭĶŇļńĪĴňĶŅĵœħƟŏıŇŗĴ
ŏĮƦĬȮ589 ĸƟŅĬĭŅĪȮ52Ȯ  

ĔĸŋƞĴŏĮƚŅľĴŅĵĪňŗĴňĻńĔĵĳŅıŒĬĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮėŊŀȮĭĶŇļńĪĪňŗħņŏĬŇĬīŋĶĔŇě 
ĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶįĸŇĨŏėĴňŐĸŃĺńĽħŋĝňĺĳŅıȮĶĺĴĩŉĚĭĶŇļńĪĽĨŅĶƢĪŀńıĪňŗĴňŐıĸĨĲŀĶƢĴħƟŅĬŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ  

őŀĔŅĽŒĬĔŅĶŏĕƟŅĽŌƞĨĸŅħȮĴňėĺŅĴŏĮƦĬœĮœħƟĮŅĬĔĸŅĚ-ĽŌĚȮőħĵŏĜıŅŃįĸŇĨĳńĦĤƢĺńĽħŋŐĸŃŏėĴňĝňĺĳŅıĪňŗĴŋƞĚŏĬƟĬŒľƟĴň
ėŋĦĽĴĭńĨŇıŇŏĻļȮŏĝƞĬȮĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵœħƟŒĬīĶĶĴĝŅĨŇȮĴňėĺŅĴėĚĪĬȮĴňėŋĦĽĴĭńĨŇŒĬĔŅĶĮĶŃľĵńħıĸńĚĚŅĬȮ
ĪĬėĺŅĴĶƟŀĬȮėĺŅĴĩŉĚĴňėĺŅĴŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴȮŏĬŊŗŀĚěŅĔįŌƟįĸŇĨįĸŇĨĳńĦĤƢĕńŘĬĽŋħĪƟŅĵĴňĔŅĶĔņľĬħŐĬĺĪŅĚĔŅĶ
ěńħľŅĺńĨĩŋħŇĭőħĵĴŋƞĚŏĬƟĬĺńĨĩŋħŇĭĪňŗĴňėĺŅĴŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴ 

1,1,3ȮŀŋĨĽŅľĔĶĶĴĔŅĶŐıĪĵƢŐĸŃĽŋĕĳŅı 
 ŒĬĨƞŅĚĮĶŃŏĪĻŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĬņĴŅŒĝƟŏĮƦĬģŅĬŒĬĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢĪŅĚĔŅĶŐıĪĵƢŐĸŃĽŋĕĳŅı
ĴŅĔĪňŗĽŋħȮĽņľĶńĭĮĶŃŏĪĻœĪĵĵńĚŀĵŌƞŒĬĕńŘĬĨŀĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅȮŏĮƦĬĨƟĬĺƞŅȮ 

ĔŅĶĮĶŃĵŋĔĨƢŒĝƟěňőĬĴŇĔĽƢŒĬĪŅĚĔŅĶŐıĪĵƢŏĮƦĬĪňŗĬŇĵĴĴŅĔĕŉŘĬŒĬĮƤěěŋĭńĬȮĔŅĶŐıĪĵƢěňőĬĴŇĔĽƢȮ&Genomics medicine'Ȯ
ŏĮƦĬĬĺńĨĔĶĶĴĔŅĶĭĶŇĔŅĶĪŅĚĔŅĶŐıĪĵƢĪňŗĬņĕƟŀĴŌĸıńĬīŋĔĶĶĴŏĜıŅŃĭŋėėĸȮ&genome data)ȮĕƟŀĴŌĸĪŅĚėĸŇĬŇĔȮĕƟŀĴŌĸĪŅĚ
ĽŋĕĳŅıŀŊŗĬȮŕȮĶĺĴĩŉĚĕƟŀĴŌĸĽĳŅıŐĺħĸƟŀĴĕŀĚįŌƟĮƙĺĵĴŅŒĝƟŒĬĔŅĶĺŇĬŇěĜńĵȮĶńĔļŅȮŐĸŃĪņĬŅĵĮƤěěńĵŏĽňŗĵĚĪňŗĪņŒľƟŏĔŇħőĶėȮĔŅĶ
ĺŇŏėĶŅŃľƢŐĸŃŐĮĸįĸĕƟŀĴŌĸŏľĸƞŅĬňŘĬņĴŅĞŉŗĚŐĬĺĪŅĚĔŅĶĶńĔļŅĪňŗĨĶĚěŋħȮŐĴƞĬĵņŐĸŃŏľĴŅŃĽĴĔńĭįŌƟĮƙĺĵȮ ľĸŅĵĮĶŃŏĪĻȮŏĝƞĬȮ
ĽľĶńģŀŏĴĶŇĔŅȮĽľĶŅĝŀŅĦŅěńĔĶȮŐėĬŅħŅȮœħƟĴňĔŅĶĬņĔŅĶŐıĪĵƢěňőĬĴŇĔĽƢœĮŒĝƟĶńĔļŅįŌƟĮƙĺĵœħƟĽņŏĶŖěȮőħĵŏĜıŅŃĔŅĶĶńĔļŅįŌƟĮƙĺĵ
őĶėĺŇĬŇěĜńĵĵŅĔȮőĶėĴŃŏĶŖĚĭŅĚĝĬŇħȮĬŀĔěŅĔĬńŘĬȮĵńĚĴňĔŅĶĬņĔŅĶŐıĪĵƢěňőĬĴŇĔĽƢŏĕƟŅĽŌƞĶŃĭĭĽŋĕĳŅıĕŀĚĮĶŃŏĪĻŏĮƦĬĪňŗŏĶňĵĭĶƟŀĵ
ŏıŊŗŀŒľƟĮĶŃĝŅĔĶĪńŗĺĮĶŃŏĪĻĽŅĴŅĶĩŏĕƟŅĩŉĚĔŅĶĶńĔļŅħƟĺĵĔŅĶŐıĪĵƢěňőĬĴŇĔĽƢœħƟȮ 

 
52 ĔĶĴıńĥĬŅīŋĶĔŇěĔŅĶėƟŅ.&2566)  
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ĽņľĶńĭĮĶŃŏĪĻœĪĵĴňĔŅĶħņŏĬŇĬőėĶĚĔŅĶěňőĬĴŇĔĽƢĮĶŃŏĪĻœĪĵȮőħĵĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĶĺĭĶĺĴŐĸŃĽĶƟŅĚģŅĬĕƟŀĴŌĸ
ıńĬīŋĔĶĶĴĕĬŅħŒľĠƞĕŀĚėĬœĪĵĪňŗœħƟěŅĔőėĶĚĔŅĶĩŀħĶľńĽıńĬīŋĔĶĶĴĪńŗĺěňőĬĴĕŀĚĮĶŃĝŅĔĶœĪĵěņĬĺĬȮ50,000 ĶŅĵȮŏıŊŗŀŒľƟ
ĬńĔĺŇěńĵœħƟŒĝƟĕƟŀĴŌĸŏľĸƞŅĬňŘŒĬĔŅĶĻŉĔļŅĺŇěńĵŒĬŀĬŅėĨĪňŗŏĔňŗĵĺĔńĭĽŋĕĳŅıĕŀĚėĬœĪĵȮĪņŒľƟĮĶŃĝŅĝĬœħƟĶńĭĔŅĶĺŇĬŇěĜńĵȮĔŅĶ
ĶńĔļŅŀĵƞŅĚěņŏıŅŃŐĸŃĴňĮĶŃĽŇĪīŇĳŅıȮĨĸŀħěĬĴňėŋĦĳŅıĝňĺŇĨĪňŗħňĕŉŘĬĞŉŗĚĩŊŀŏĮƦĬģŅĬĽņėńĠȮŒĬĔŅĶĨƞŀĵŀħŒĝƟĮĶŃőĵĝĬƢěŅĔ
ŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ (ĨŅĶŅĚĪňŗȮ3-8)  

ĨŅĶŅĚĪňŗȮ3-8: ĽĩŅĬĳŅıĕŀĚīŋĶĔŇěħƟŅĬĔŅĶŐıĪĵƢŐĸŃĽŋĕĳŅıȮŐĸŃŏĮƚŅľĴŅĵĔŅĶŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 
ĮĶŃŏĳĪĔŇěĔŅĶ ěņĬĺĬĭĶŇļńĪȮ&ĶŅĵ' ĶŅĵœħƟ 

&ĸƟŅĬĭŅĪ' 
ĨńĺŀĵƞŅĚľĶŊŀĻńĔĵĳŅıĔŅĶŒĝƟĮĶŃőĵĝĬƢ 
ŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 

őĶĚıĵŅĭŅĸ 701 1/.*... ¶ ĔŅĶıńĥĬŅŏĪėőĬőĸĵňŏıŊŗŀĽĬńĭĽĬŋĬ 
ĔŅĶŐıĪĵƢŐĴƞĬĵņȮ 
¶ ĔŅĶıńĥĬŅŏĪėőĬőĸĵňŏıŊŗŀĔŅĶĴňĽŋĕĳŅı 
ĪňŗħňȮ&ucjjlcqq'Ȯ 

őĶĚıĵŅĭŅĸŏĜıŅŃĪŅĚ /55 3*0.. 
ėĸŇĬŇĔŏĜıŅŃĪŅĚ 0*/67 00*6.. 

ĪňŗĴŅȮ8ȮĔĶĴıńĥĬŅīŋĶĔŇěĔŅĶėƟŅ 

ĔĸŋƞĴŏĮƚŅľĴŅĵĪňŗĴňĻńĔĵĳŅıŒĬĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮėŊŀȮ ĭĶŇļńĪĪňŗħņŏĬŇĬīŋĶĔŇěĪňŗŏĔňŗĵĺĕƟŀĚ
ĔńĭħƟŅĬĽŋĕĳŅıŐĸŃĔŅĶŐıĪĵƢĪňŗĴňŀĵŌƞŏħŇĴȮĭĶŇļńĪĕĬŅħŒľĠƞĪňŗĨƟŀĚĔŅĶĕĵŅĵĔŅĶĸĚĪŋĬŏıŊŗŀŏıŇŗĴėĺŅĴľĸŅĔľĸŅĵŏıŇŗĴĴŅĔĕŉŘĬȮħńĚ
ĔĶĦňĕŀĚĭĶŇļńĪȮŀŇĬőĬĭŇĔȮ&ŏŀŏĞňĵ'ȮěņĔńħȮĞŉŗĚŏĮƦĬĭĶŇļńĪĵƞŀĵĕŀĚĭĶŇļńĪȮĮĨĪ,ȮěņĔńħȮ&ĴľŅĝĬ'ȮȮĪňŗĪņľĬƟŅĪňŗŒĬĔŅĶĕńĭŏėĸŊŗŀĬīŋĶĔŇě
ħƟŅĬȮlife science ĕŀĚĭĶŇļńĪħƟĺĵŏĸŖĚŏľŖĬĩŉĚőŀĔŅĽŐĸŃĻńĔĵĳŅıĪŅĚĔŅĶĨĸŅħŒĬŀĬŅėĨȮĶĺĴĩŉĚĭĶŇļńĪĽĨŅĶƢĪŀńıĪňŗĴň
ŐıĸĨĲŀĶƢĴħƟŅĬŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ  

őŀĔŅĽŒĬĔŅĶŏĕƟŅĽŌƞĨĸŅħȮĴňėĺŅĴŏĮƦĬœĮœħƟĬƟŀĵ-ĮŅĬĔĸŅĚȮŒĬĔĶĦňĪňŗŏĮƦĬįĸŇĨĳńĦĤƢŒĬĔĸŋƞĴĕŀĚĝŋħĨĶĺěȮĺńėĞňĬȮȮŐĸŃ
ĽŅĶĮĶŃĔŀĭŒĬĔŅĶįĸŇĨĵŅĴňėĺŅĴıĶƟŀĴŒĬĶŃħńĭľĬŉŗĚȮȮŐĨƞĽņľĶńĭĔĸŋƞĴįĸŇĨĳńĦĤƢĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶŐıĪĵƢŐĴƞĬĵņĬńŘĬȮŐĴƟĺƞŅ
ėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħĴŅĔŐĨƞħƟĺĵŏĮƦĬīŋĶĔŇěĪňŗĨƟŀĚŒĝƟŏĚŇĬĸĚĪŋĬĽŌĚȮŏĪėőĬőĸĵňŏĕƟĴĕƟĬȮĶŅėŅŒĬĔŅĶŒľƟĭĶŇĔŅĶĨƞŀėĶńŘĚŀĵŌƞŒĬŏĔĦĤƢ
ĽŌĚȮěŉĚŏĮƦĬŀŋĮĽĶĶėŒĬĔŅĶĸĚĪŋĬĽņľĶńĭįŌƟĮĶŃĔŀĭĔŅĶœĪĵȮĪńŘĚĬňŘȮőŀĔŅĽĔŅĶŏĕƟŅĽŌƞĨĸŅħěŃŏıŇŗĴĴŅĔĕŉŘĬľŅĔŏĝŊŗŀĴőĵĚĔńĭĬőĵĭŅĵȮ
Ŵmedical hubŵȮŐĸŃĔŅĶŏĝŊŗŀĴőĵĚĔńĭĶŃĭĭľĸńĔĮĶŃĔńĬĽŋĕĳŅıŐľƞĚĝŅĨŇĪňŗŒľƟėĺŅĴĽņėńĠĕŀĚĔŅĶĮƚŀĚĔńĬŐĸŃĔŅĶĶńĔļŅŐĭĭ
ŐĴƞĬĵņŏĜıŅŃĭŋėėĸȮħńĚĔĶĦňĪňŗėĦŃĔĶĶĴĔŅĶľĸńĔĮĶŃĔńĬĽŋĕĳŅıŐľƞĚĝŅĨŇȮ&ĭŀĶƢħȮĽĮĽĝ,'ȮĴňĴĨŇŏıŇŗĴȮŴĭĶŇĔŅĶĨĶĺěėńħĔĶŀĚŏıŊŗŀ
ėƟĬľŅĔŅĶĔĸŅĵıńĬīŋƢĕŀĚĵňĬőĶėĴŃŏĶŖĚŏĨƟŅĬĴȮ@PA?/-@PA?0ŵȮŏĮƦĬĽŇĪīŇĮĶŃőĵĝĬƢŒĬĶŃĭĭľĸńĔĮĶŃĔńĬĽŋĕĳŅıŐľƞĚĝŅĨŇȮĴŀĭ
ŒľƟĔńĭėĬœĪĵŀŅĵŋĨńŘĚŐĨƞȮ18 ĮƖĕŉŘĬœĮȮĪňŗŏĮƦĬįŌƟĮƙĺĵĴŃŏĶŖĚŏĨƟŅĬĴĪňŗĴňėĺŅĴŏĽňŗĵĚĽŌĚȮŐĸŃĠŅĨŇĽŅĵĨĶĚĪňŗĴňĮĶŃĺńĨŇėĶŀĭėĶńĺĨĶĺěıĭ
ĵňĬĔĸŅĵıńĬīŋƢȮŏĴŊŗŀĺńĬĪňŗȮ9 īńĬĺŅėĴȮ256453 

3.5 ĴŌĸėƞŅĪŅĚŏĻĶļģĔŇěĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻœĪĵȮ 

ĴŌĸėƞŅĪŅĚŏĻĶļģĔŇěĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻœĪĵȮŏĮƦĬĔŅĶĮĶŃŏĴŇĬőħĵŀŅĻńĵĕƟŀĴŌĸȮ
4 ĴŇĨŇȮœħƟŐĔƞȮ 1) ĕĬŅħĕŀĚĨĸŅħŐĸŃőŀĔŅĽŒĬĔŅĶŏĕƟŅĽŌƞĨĸŅħĕŀĚįŌƟĮĶŃĔŀĭĔŅĶȮȮ2) ěŋħŐĕŖĚĕŀĚĮĶŃŏĪĻȮľĶŊŀįŌƟĮĶŃĔŀĭĔŅĶȮ
&ĺńĨĩŋħŇĭȮėĺŅĴŏĝňŗĵĺĝŅĠ'ȮȮ3) ĶŃħńĭėĺŅĴıĶƟŀĴħƟŅĬŏĪėőĬőĸĵňȮ&ŏĪėőĬőĸĵňŒĬĶŃħńĭĨƟĬŐĭĭȮľĶŊŀĴňĔŅĶįĸŇĨŐĸŃěņľĬƞŅĵŒĬ
ĨĸŅħŐĸƟĺ'ȮŐĸŃȮ 4) ėĺŅĴėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮ&ŏĚŇĬĸĚĪŋĬȮįĸĨŀĭŐĪĬȮĶŃĵŃŏĺĸŅĔŅĶėŊĬĪŋĬȮĽĶƟŅĚėĺŅĴĴńŗĬėĚŒľƟĔńĭĮĶŃŏĪĻ'Ȯ

 
53 ĴŌĸĬŇīŇĳŇĺńĥĬƢĽŅīŅĶĦĽŋĕœĪĵ.2566.ĽĮĽĝ.ŐěƟĚĽŇĪīŇśȮŴĨĶĺěĵňĬĴŃŏĶŖĺŏĨƟŅĬĴŒĬįŌƟĮƙĺĵŏĽňŗĵĚĽŌĚŵȮėĶŀĭėĸŋĴħŌŐĸėĬœĪĵĪŋĔĽŇĪīŇĔŅĶĶńĔļŅŐĸƟĺ. 
 https://www.hfocus.org/content/2023/08/28250 



119 

ĞŉŗĚŏĮƦĬĔŅĶŀƟŅĚŀŇĚěŅĔĕƟŀĴŌĸĪŋĨŇĵĳŌĴŇĶƞĺĴĔńĭėĺŅĴŏľŖĬĕŀĚįŌƟĮĶŃĔŀĭĔŅĶĪňŗĽńĴĳŅļĦƢȮŐĸŃįŌƟĶƞĺĴĮĶŃĝŋĴĶńĭĲƤĚėĺŅĴėŇħŏľŖĬ
ĨƞŀőėĶĚĔŅĶłȮŏĴŊŗŀĺńĬĪňŗȮ7 ĴŇĩŋĬŅĵĬȮ2567 Ȯ 

ĪńŘĚĬňŘȮŒĬŏĭŊŘŀĚĨƟĬĮĶŃŏĴŇĬœħƟĺƞŅĴŌĸėƞŅĪŅĚŏĻĶļģĔŇěĪňŗėŅħĺƞŅěŃŏĔŇħĕŉŘĬěŅĔĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢŒĬȮ10 ĮƖĕƟŅĚľĬƟŅĴňĴŌĸėƞŅĨŗņĽŋħȮ324,000 ĸƟŅĬĭŅĪŐĸŃŀŅěĴňĻńĔĵĳŅıĴŅĔĪňŗĽŋħȮ634,000 ĸƟŅĬĭŅĪȮėŇħŏĮƦĬȮ 
ĶƟŀĵĸŃȮ2-4 ĕŀĚĴŌĸėƞŅȮGDP ĨŅĴĸņħńĭȮőħĵĽŅĕŅĪňŗėŅħĺƞŅěŃœħƟĶńĭĮĶŃőĵĝĬƢĽŌĚ œħƟŐĔƞȮȮ1) ĽŅĕŅŏĔļĨĶȮȮ2) ŏėĴňĝňĺĳŅıŐĸŃ
ĺńĽħŋĝňĺĳŅıȮŐĸŃȮȮ3) ĽŋĕĳŅıŐĸŃĔŅĶŐıĪĵƢȮŐĸŃȮȮ4) ŀŅľŅĶȮ 

ĨŅĶŅĚĪňŗȮ1+78ȮĴŌĸėƞŅĪŅĚŏĻĶļģĔŇěĪňŗėŅħĺƞŅěŃŏĔŇħěŅĔĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮqwlrfcrgaȮ`gmjmewȮŒĬȮ/.ȮĮƖĕƟŅĚľĬƟŅȮ 
 

ĨŗņĽŋħ &ĸƟŅĬĭŅĪ' ĴŅĔĪňŗĽŋħȮȮ&ĸƟŅĬĭŅĪ' 

ŏĔļĨĶȮ 
¶ įĸįĸŇĨŏĔļĨĶ 
¶ ĽŅĶĮĶńĭĮĶŋĚĭņĶŋĚħŇĬȮĽŅĶĔņěńħĻńĨĶŌıŊĝȮ 
¶ ŀŅľŅĶĽńĨĺƢȮ&ĽŅĶŏĽĶŇĴĽŋĕĳŅı'Ȯ 

 
100,000 (0.1%ȮĕŀĚĨĸŅħőĸĔ' 
7,000 (5%ȮĕŀĚĨĸŅħŒĬĮĶŃŏĪĻ' 
15,000 (5%ȮĕŀĚĨĸŅħŒĬĮĶŃŏĪĻ' 

 
200,000 (0.2% ĕŀĚĨĸŅħőĸĔ' 
14,000 (10% ĕŀĚĨĸŅħŒĬĮĶŃŏĪĻ' 
30,000 (10%ȮĕŀĚĨĸŅħŒĬĮĶŃŏĪĻ' 

ŀŅľŅĶ 
&ŀŅľŅĶĲƤĚĔƢĝńĬ/ĽŅĶŀŅľŅĶĲƤĚĔƢĝńĬ'Ȯ 

58,000 
(1%ȮĕŀĚĨĸŅħőĸĔ' 

116,000 
&2% ĕŀĚĨĸŅħőĸĔ'  

ĽŋĕĳŅıȮĔŅĶŐıĪĵƢ 
(API, Biobetter, ĺńėĞňĬ, ĔŅĶŐıĪĵƢŐĴƞĬĵņ) 

50,000 
(1% ĕŀĚĨĸŅħŀŅŏĞňĵĬ' 

150,000 
&3%ȮĕŀĚĨĸŅħŀŅŏĞňĵĬ' 

ŏėĴňĝňĺĳŅıŐĸŃĺńĽħŋĝňĺĳŅıȮ 
&Special chemical & new enzymes, 
Biomaterial)  

32,000 
(0. ĕŀĚĨĸŅħőĸĔ' 

160,000 
(0. ĕŀĚĨĸŅħőĸĔ' 

ıĸńĚĚŅĬĝňĺĳŅı 
&ŏĝŊŘŀŏıĸŇĚĝňĺĳŅı ĬŘņĴńĬŏėĶŊŗŀĚĭŇĬ' 

5,000 
(5%ȮĕŀĚĨĸŅħŒĬĮĶŃŏĪĻ' 

20,000 
(10%ȮĕŀĚĨĸŅħőĸĔ' 

ĶĺĴ 324,000 634,000 

 ŀĵƞŅĚœĶĔŖħňȮőŀĔŅĽĕŀĚĔŅĶĽĶƟŅĚĴŌĸėƞŅĪŅĚŏĻĶļģĔŇěěŅĔĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮsynthetic biologyȮŒĬȮ10 ĮƖĕƟŅĚľĬƟŅȮ
œħƟŏĨŖĴĻńĔĵĳŅıěņŏĮƦĬĨƟŀĚĴňĶŃĭĭĬŇŏĺĻŏıŊŗŀĽƞĚŏĽĶŇĴĔŅĶĽĶƟŅĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽĶƟŅĚŐĸŃŒĝƟĮĶŃőĵĝĬƢȮ  
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4. ŐįĬĪňŗĬņĪŅĚĔŅĶıńĥĬŅŐĸŃŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĽņľĶńĭ
ĮĶŃŏĪĻœĪĵȮȮ 
 

ĔŅĶěńħĪņŐįĬĪňŗĬņĪŅĚĔŅĶıńĥĬŅŐĸŃŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĽņľĶńĭĮĶŃŏĪĻœĪĵĬńŘĬȮ
ěńħĪņĕŉŘĬŏıŊŗŀŏĮƦĬĔĶŀĭŐĸŃŐĬĺĪŅĚĔŅĶĪņĚŅĬŏĭŊŘŀĚĨƟĬĽņľĶńĭĮĶŃĔŀĭĔŅĶĨńħĽŇĬŒěŒĬĔŅĶĶƞĺĴĕńĭŏėĸŊŗŀĬĔŅĶ
ħņŏĬŇĬĚŅĬŏıŊŗŀĔŅĶŒĝƟĻńĔĵĳŅıėĺŅĴĔƟŅĺľĬƟŅĪŅĚŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏıŊŗŀĔŅĶıńĥĬŅĮĶŃŏĪĻœĪĵőħĵ 
ĴňŏĮƚŅľĴŅĵĽĶƟŅĚĔŅĶŏĨŇĭőĨĪŅĚŏĻĶļģĔŇěȮĵĔĶŃħńĭėŋĦĳŅıĝňĺŇĨŐĸŃŏĔŇħĔŅĶĭĶŇľŅĶěńħĔŅĶŒľƟĴňĔŅĶŒĝƟĪĶńıĵŅĔĶœħƟŀĵƞŅĚ
ĵńŗĚĵŊĬ 

4.1 ĭĪĺŇŏėĶŅŃľƢėĺŅĴıĶƟŀĴŒĬĔŅĶıńĥĬŅŐĸŃĨƞŀĵŀħŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĽņľĶńĭĮĶŃŏĪĻœĪĵ  

ėĺŅĴıĶƟŀĴŒĬĔŅĶıńĥĬŅŐĸŃĨƞŀĵŀħŏĪėőĬőĸĵňĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĽņľĶńĭĮĶŃŏĪĻœĪĵŒĬĔŅĶĻŉĔļŅĬňŘȮŐĭƞĚœħƟ
ħńĚĬňŘȮȮ 

2,/,/ȮħƟŅĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅŏĪėőĬőĸĵňħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ 
ȮȮȮ ėĺŅĴıĶƟŀĴĪŅĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľĕŀĚĮĶŃŏĪĻœĪĵŏĮĶňĵĭŏĪňĵĭĔńĭőĸĔŐĸŃĮĶŃŏĪĻ
įŌƟĬņȮŏĴŊŗŀıŇěŅĶĦŅěŅĔěņĬĺĬĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇȮŐĸŃȮėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮŒĬĽŀĚ
ĝƞĺĚŏĺĸŅėŊŀĝƞĺĚŐĶĔĶŃľĺƞŅĚĮƖȮı,Ļ,Ȯ0334+0343ȮŐĸŃȮĝƞĺĚĪňŗȮ0ȮĶŃľĺƞŅĚĮƖȮı,Ļ,Ȯ034/+0345Ȯ&ĔŋĴĳŅıńĬīƢ'ȮȮıĭĺƞŅŒĬĮƖȮ
ı,Ļ,Ȯ0334+0343ȮĮĶŃŏĪĻœĪĵĴňĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇěņĬĺĬȮ1.ȮŏĶŊŗŀĚȮŐĸŃėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮ
Gkn_arȮŏĪƞŅĔńĭȮ.,55ȮĞŉŗĚěńħŀĵŌƞŒĬŀńĬħńĭĪňŗȮ1/ȮĕŀĚőĸĔȮĽņľĶńĭĮƖȮı,Ļ,Ȯ034/+0345Ȯ&ĔŋĴĳŅıńĬīƢ'ȮĮĶŃŏĪĻœĪĵĨňıŇĴıƢ
ĭĪėĺŅĴĺŇĝŅĔŅĶĬŅĬŅĝŅĨŇěņĬĺĬȮ12ȮŏĶŊŗŀĚȮĴňėƞŅȮDgcjb+UcgefrcbȮAgr_rgmlȮGkn_arȮŏĪƞŅĔńĭȮ.,5ȮěńħŀĵŌƞŒĬŀńĬħńĭĪňŗȮ
02ȮĕŀĚőĸĔȮŀńĬħńĭĪňŗȮ6ȮĕŀĚŏŀŏĝňĵȮŐĸŃŀńĬħńĭĪňŗȮ0ȮĕŀĚŀŅŏĞňĵĬȮĶŀĚěŅĔĮĶŃŏĪĻĽŇĚėőĮĶƢȮȮ 
Ȯ ĮĶŃŏĪĻœĪĵĴňįĸĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĶŊŗŀĚȮkcr_`mjgaȮcleglccpgleȮĞŉŗĚŏĮƦĬģŅĬŀĚėƢėĺŅĴĶŌƟĪňŗĽņėńĠĽņľĶńĭ 
ĔŅĶĨƞŀĵŀħĕŀĚȮqwlrfcrgaȮ`gmjmewȮŐĨƞĵńĚœĴƞĴňįĸĚŅĬĨňıŇĴıƢŒĬĽƞĺĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĺŇěńĵĪňŗıńĥĬŅŏėĶŊŗŀĚĴŊŀȮ&rmmjq'Ȯ
ĽĴńĵŒľĴƞȮŏĝƞĬȮȮeclcȮagpasgrȮŐĸŃĔŅĶĽńĚŏėĶŅŃľƢŐĭĭȮacjjȮdpccȮĶĺĴĩŉĚœĴƞıĭĔŅĶĻŉĔļŅĪňŗŒĝƟȮamknsr_rgml_jȮ`gmjmewȮ
ŏĝƞĬȮbccnȮjc_plgleȮŐĸŃȮ?GȮȮĴŅŏĮƦĬŏėĶŊŗŀĚĴŊŀŒĬĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚȮfmqrȮacjj  
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ĶŌĮĪňŗȮ2+/8ȮĭĪĺŇŏėĶŅŃľƢėĺŅĴĔƟŅĺľĬƟŅĪŅĚŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻœĪĵ 

 Ȯ 
4.1.2 ħƟŅĬĔŅĶıńĥĬŅĔņĸńĚėĬŏĝňŗĵĺĝŅĠħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 
ĭŋėĸŅĔĶĪňŗĴňėĺŅĴŏĝňŗĵĺĝŅĠħƟŅĬȮsynthetic biology ŒĬĮĶŃŏĪĻœĪĵĵńĚĴňěņĬĺĬĬƟŀĵȮěŅĔĔŅĶľŅĕƟŀĴŌĸŐĸŃ

ĔŅĶĽńĴĳŅļĦƢıĭĺƞŅĮƤěěŋĭńĬĴňľĸńĔĽŌĨĶħƟŅĬȮsynthetic biology 0ȮľĸńĔĽŌĨĶȮŒĬĸńĔļĦŃĪňŗŏĮƦĬȮnon degree  ŀĵƞŅĚœĶĔŖħňȮ
ĴňľĸńĔĽŌĨĶĪňŗŏĬŊŘŀľŅŒĬĔŅĶŏĶňĵĬĔŅĶĽŀĬŏĔňŗĵĺĕƟŀĚĔńĭȮsynthetic biology ĶĺĴȮ1.ȮľĸńĔĽŌĨĶȮĪńŘĚĬňŘŒĬĝƞĺĚȮ3ȮĮƖĪňŗįƞŅĬĴŅȮ 
ĴňįŌƟĽņŏĶŖěĔŅĶĻŉĔļŅŐĸƟĺȮ464ȮėĬȮĪňŗĴňėĺŅĴĶŌƟıŊŘĬģŅĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮcell biology, systems biology, molecular 
biology, genetic engineering, metabolic engineering ŐĸŃȮbiotechnology ĞŉŗĚŏĮƦĬŀĚėƢėĺŅĴĶŌƟıŊŘĬģŅĬĪňŗ
ĽŅĴŅĶĩĬņœĮĮĶŃĵŋĔĨƢŒĝƟœħƟĔńĭȮsynthetic biology œħƟȮŏĴŊŗŀœħƟĶńĭĔŅĶıńĥĬŅėĺŅĴĶŌƟŏıŇŗĴŏĨŇĴŒĬĶŌĮŐĭĭȮupskills     

ŒĬĨƞŅĚĮĶŃŏĪĻĴňĔŅĶĽĶƟŅĚŐĸŃıńĥĬŅĔņĸńĚėĬŒĬĽŅĕŅħƟŅĬȮsynthetic biology ŀĵƞŅĚĝńħŏěĬĨƞŀŏĬŊŗŀĚœĴƞĬƟŀĵ
ĔĺƞŅȮ/.ȮĮƖȮőħĵĴŋƞĚŏĬƟĬĔŅĶıńĥĬŅĪńĔļŃĪňŗľĸŅĔľĸŅĵȮĪńŘĚħƟŅĬŏĪėőĬőĸĵňĝňĺĳŅıĽĴńĵŒľĴƞȮĺŇĻĺĔĶĶĴȮĔŅĶıńĥĬŅŏĪėĬŇėȮ
AI ŐĸŃĔŅĶĕĵŅĵĕĬŅħĔŅĶįĸŇĨȮȮ 
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4.1.3 ĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ Ȯ ȮȮ 
ěŅĔĔŅĶĺŇŏėĶŅŃľƢģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶħƟĺĵģŅĬĕƟŀĴŌĸ Derwent Innovation  œĴƞıĭėĬœĪĵĵŊŗĬėņĕŀĽŇĪīŇĭńĨĶ

ĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪňŗŏĬƟĬĔŅĶŒĝƟĻŅĽĨĶƢŒľĴƞŒĬĽƞĺĬĔĶŃĭĺĬĔŅĶĪŅĚĺŇĻĺĔĶĶĴŒĬĔŅĶŀŀĔŐĭĭĔŅĶĪņĚŅĬħƟŅĬ
ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĶŃħńĭĬŅĬŅĝŅĨŇȮȮ 

ĽņľĶńĭĔŅĶěħĽŇĪīŇĭńĨĶěŅĔģŅĬĕƟŀĴŌĸĔĶĴĪĶńıĵƢĽŇĬĪŅĚĮƤĠĠŅĮĶŃŏĪĻœĪĵȮıĭĕƟŀĴŌĸĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭ
ĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢėƞŀĬĕƟŅĚĬƟŀĵȮŐĨƞĴňĔŅĶěħĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮModern biotechnology/ genetic 
engineering ŐĭĭħńŘĚŏħŇĴȮőħĵŏĜıŅŃĔŅĶĽĶƟŅĚĶňėŀĴĭŇŐĬĬĪƢŏĞĸĸƢȮĔŅĶĮĶńĭĮĶŋĚıńĬīŋĔĶĶĴŏĮƦĬľĸńĔȮŐĸŃȮgene editing 
ĭŅĚĽƞĺĬȮŐĨƞœĴƞıĭĔŅĶĵŊŗĬėņĕŀĽŇĪīŇĭńĨĶĪňŗŏĔňŗĵĺĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĪňŗŏĬƟĬĔŅĶŒĝƟĻŅĽĨĶƢŒľĴƞŒĬĽƞĺĬĔĶŃĭĺĬĔŅĶ 
ĪŅĚĺŇĻĺĔĶĶĴŒĬĔŅĶŀŀĔŐĭĭĔŅĶĪņĚŅĬħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŒĬģŅĬĕƟŀĴŌĸĽŇĪīŇĭńĨĶĶŃħńĭĬŅĬŅĝŅĨŇȮȮ 

4.1.4 őėĶĚĽĶƟŅĚıŊŘĬģŅĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ Ȯ 
ĮĶŃŏĪĻœĪĵĴňėĺŅĴıĶƟŀĴħƟŅĬőėĶĚĽĶƟŅĚıŊŘĬģŅĬŏıŊŗŀĔŅĶĺŇěńĵŒĬĶŃħńĭľĬŉŗĚȮĶĺĴĩŉĚĴňĔŅĶěńħŏĨĶňĵĴőėĶĚĽĶƟŅĚ

ıŊŘĬģŅĬĪňŗĪņĚŅĬħƟĺĵĶŃĭĭŀńĨőĬĴńĨŇŀĵƞŅĚĬƟŀĵȮ2 ŐľƞĚȮœħƟŐĔƞȮĻŌĬĵƢıńĬīŋĺŇĻĺĔĶĶĴŐĸŃŏĪėőĬőĸĵňĝňĺĳŅıȮŐĸŃ 
ĽĩŅĭńĬĺŇĪĵĽŇĶŇŏĴīň ĪńŘĚĬňŘȮĮĶŃŏĪĻĪňŗĴňėĺŅĴĔƟŅĺľĬƟŅĪŅĚŏĪėőĬőĸĵňŒĬħƟŅĬħńĚĔĸƞŅĺĴňĔŅĶŒľƟėĺŅĴĽņėńĠĔńĭĔŅĶěńħĨńŘĚ
ľƟŀĚĮĢŇĭńĨŇĔŅĶŐĸŃĽĩŅĭńĬĺŇěńĵĪňŗĴňėĺŅĴŏĝňŗĵĺĝŅĠŏĜıŅŃħƟŅĬȮľĸńĚěŅĔľƟŀĚĮĢŇĭńĨŇĔŅĶŐĸŃĽĩŅĭńĬĺŇěńĵĴňėĺŅĴŏĝňŗĵĺĝŅĠ
ĴŅĔĕŉŘĬȮěŉĚĸĚĪŋĬȮbiofoundryȮŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶĪņĚŅĬőħĵŒĝƟĶŌĮŐĭĭĔŅĶĭĶŇľŅĶĪňŗŏĮƕħőŀĔŅĽŒľƟľĬƞĺĵĚŅĬ 
ĪńŘĚĳŅėĶńģŐĸŃŏŀĔĝĬœħƟŒĝƟĮĶŃőĵĝĬƢŀĵƞŅĚėŋƟĴėƞŅȮȮȮȮ 
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4.1.5 ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔņĔńĭħŌŐĸįĸŇĨĳńĦĤƢĪňŗıńĥĬŅőħĵŒĝƟŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅ
ĽńĚŏėĶŅŃľƢ 
Ȯ ŐĬĺĪŅĚĔŅĶĔņĔńĭħŌŐĸįĸŇĨĳńĦĤƢĪňŗıńĥĬŅőħĵŒĝƟŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻȮ
ĨƞŅĚȮŕȮĬńŘĬȮĩŊŀĺƞŅĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚŏĪėőĬőĸĵňĝňĺĳŅıĽĴńĵŒľĴƞȮȮŐĸŃŒĝƟĔĸœĔĔņĔńĭħŌŐĸėĺŅĴĮĸŀħĳńĵ
ĪŅĚĝňĺĳŅıŏĝƞĬŏħňĵĺĔńĭĔŅĶĔņĔńĭħŌŐĸĽŇŗĚĴňĝňĺŇĨħńħŐĮĸĚıńĬīŋĔĶĶĴȮŀĵƞŅĚœĶĔŖħňȮĭŅĚĮĶŃŏĪĻŀŅěĴňĔĸœĔĔŅĶĔņĔńĭħŌŐĸ
ŏĜıŅŃĽņľĶńĭĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅěŅĔŏĪėőĬőĸĵňĔŅĶĮĶńĭŐĨƞĚěňőĬĴȮ&eclmkcȮcbgrgleȮrcaflmjmew'ȮȮ 

ĽņľĶńĭĮĶŃŏĪĻœĪĵȮĴňľĸńĔĔŅĶĮĢŇĭńĨŇŏĝƞĬŏħňĵĺĔńĭĬŅĬŅĝŅĨŇȮőħĵĔŅĶĬņĔġľĴŅĵŐĸŃĔġĶŃŏĭňĵĭĪňŗĴňŀĵŌƞŒĬĔŅĶ
ĔņĔńĭħŌŐĸĽŇŗĚĴňĝňĺŇĨĪňŗıńĥĬŅħƟĺĵŏĪėőĬőĸĵňĝňĺĳŅıĽĴńĵŒľĴƞĴŅĔņĔńĭȮŐĸŃħƟĺĵĔŅĶıńĥĬŅħƟŅĬĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĵńĚĩŊŀ
ŏĮƦĬĮĶŃŏħŖĬŒľĴƞĽņľĶńĭĮĶŃŏĪĻœĪĵȮěŉĚěņŏĮƦĬĨƟŀĚŏĽĶŇĴĽĶƟŅĚĕňħėĺŅĴĽŅĴŅĶĩĪńŘĚľĬƞĺĵĚŅĬĔņĔńĭħŌŐĸŐĸŃ
ĳŅėŀŋĨĽŅľĔĶĶĴȮŏıŊŗŀŒľƟĴňĪńĔļŃŐĸŃĮĶŃĽĭĔŅĶĦƢĽŅĴŅĶĩĭńĚėńĭŒĝƟĔġľĴŅĵœħƟŒľƟŏĔŇħėĺŅĴĽĴħŋĸĶŃľĺƞŅĚĔŅĶħŌŐĸ
ėĺŅĴĮĸŀħĳńĵŐĸŃĔŅĶıńĥĬŅĕŀĚĳŅėŀŋĨĽŅľĔĶĶĴȮȮȮ 

4.1.6 ĽĶŋĮĶŃĭĭĬŇŏĺĻĔŅĶıńĥĬŅŐĸŃŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚ
ĮĶŃŏĪĻœĪĵȮ 

ĮĶŃŏĪĻœĪĵĵńĚœĴƞĴňĬőĵĭŅĵĽƞĚŏĽĶŇĴĔŅĶıńĥĬŅŐĸŃŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢȮ
ĪńŘĚĬňŘȮėĺŅĴĨƟŀĚĔŅĶŒĝƟŏĪėőĬőĸĵňĬňŘĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬŏĬŊŗŀĚěŅĔěŃĝƞĺĵŏĶƞĚĶńħıńĥĬŅįĸŇĨĳńĦĤƢŐĸŃĭĶŇĔŅĶŒľƟŏĔŇħœħƟŏĶŖĺĕŉŘĬȮ
ŒĬľĸŅĵĮĶŃŏĪĻĔņľĬħŒľƟŏĮƦĬŏĪėőĬőĸĵňĵŋĪīĻŅĽĨĶƢŏıŊŗŀĔŅĶıńĥĬŅĮĶŃŏĪĻŐĸƟĺȮŏĝƞĬȮĽľĶŅĝŀŅĦŅěńĔĶȮȮ 

 Innovation Engine ĕŀĚĮĶŃŏĪĻœĪĵŐĭƞĚœħƟŏĮƦĬȮ0ȮĶŃĭĭȮœħƟŐĔƞȮ/'ȮĶŃĭĭĔŅĶĺŇěńĵŐĸŃıńĥĬŅĴňĔŅĶĽĶƟŅĚ
ģŅĬėĺŅĴĶŌƟŒĬĽƞĺĬĕŀĚȮmetabolic, engineering, pathway engineering ŐĨƞĵńĚĵńĚĕŅħĔŅĶıńĥĬŅŏėĶŊŗŀĚĴŊŀŒľĴƞȮ 
ĴňőėĶĚĽĶƟŅĚıŊŘĬģŅĬĪňŗħňŐĨƞĵńĚœĴƞĴňőĮĶŐĔĶĴĽĬńĭĽĬŋĬĔŅĶŒĝƟĮĶŃőĵĝĬƢŏĮƦĬĔŅĶŏĜıŅŃȮ0'ȮĶŃĭĭĔŅĶŒĝƟĮĶŃőĵĝĬƢĕŀĚ
ŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĕŀĚĳŅėīŋĶĔŇěȮĴňėĺŅĴŐĨĔĨƞŅĚĔńĬȮőħĵĭĶŇļńĪŒľĠƞŒĝƟĔĸœĔėĺŅĴĶƞĺĴĴŊŀȮĔŅĶȮlicense ĪĶńıĵƢĽŇĬ
ĪŅĚĮƤĠĠŅȮŐĸŃĔŅĶĶƞĺĴĸĚĪŋĬȮĽņľĶńĭȮStartup ĸĚĪŋĬĺŇěńĵŐĸŃıńĥĬŅŏĪėőĬőĸĵňȮŐĨƞĮƤěěŋĭńĬĵńĚĴňěņĬĺĬœĴƞĴŅĔȮŐĸŃĴňȮ
SynBio consortium ŏĮƦĬĔĸœĔŏĝŊŗŀĴőĵĚȮĳŅėĶńģȮĽĩŅĭńĬĺŇěńĵȮŐĸŃĳŅėŏŀĔĝĬ 

ĽņľĶńĭȮInnovation Enabler ĞŉŗĚėĺĶĮĶŃĔŀĭħƟĺĵȮ4 ĽƞĺĬĪňŗĽņėńĠȮŐĨƞŒĬĽĳŅıĮƤěěŋĭńĬĕŀĚĮĶŃŏĪĻœĪĵ 
ĵńĚĴňœĴƞėĶĭĩƟĺĬȮœħƟŐĔƞȮ1) Regulatory system ŒĝƟľĸńĔĔŅĶŏħňĵĺĔńĭĔŅĶĔńĭįĸŇĨĳńĦĤƢĨńħŐĨƞĚıńĬīŋĔĶĶĴȮ&GMOs)  
2) Education and human capital system œĴƞĴňľĸńĔĽŌĨĶĽĶƟŅĚĔņĸńĚėĬŏĮƦĬĔŅĶŏĜıŅŃȮŐĸŃœĴƞĴňĔŅĶĔņľĬħ
ŏĮƚŅľĴŅĵĔŅĶıńĥĬŅĔņĸńĚėĬŏıŊŗŀŏĨĶňĵĴĔŅĶĽĶƟŅĚŐĸŃŒĝƟŏĪėőĬőĸĵňŒľƟŏıňĵĚıŀȮ3) Financial support œĴƞĴňŐľĸƞĚĪŋĬ
ŏĮƦĬĔŅĶŏĜıŅŃȮŒĝƟŏĚŇĬĪŋĬŒĬĔŅĶĺŇěńĵŐĸŃıńĥĬŅěŅĔĚĭĮĶŃĴŅĦŐįƞĬħŇĬ œĴƞĴňĔŅĶŏĨĶňĵĴĔŅĶŏıŊŗŀĽƞĚŏĽĶŇĴŏĪėőĬőĸĵňĬňŘ
őħĵŏĜıŅŃŐĸŃĕŅħėĺŅĴĨƞŀŏĬŊŗŀĚĕŀĚŐľĸƞĚŏĚŇĬĽĬńĭĽĬŋĬĪňŗěŃĬņįĸĔŅĶĺŇěńĵŏĕƟŅĽŌƞŏĝŇĚıŅĦŇĝĵƢŀĵƞŅĚĶĺħŏĶŖĺ ŐĸŃȮ 
4) Non-financial support ĵńĚœĴƞĴňĔŅĶĔņľĬħŏĮƚŅľĴŅĵĴŅĨĶĔŅĶĽƞĚŏĽĶŇĴĔŅĶĺŇěńĵıńĥĬŅīŋĶĔŇěĪňŗŏĔňŗĵĺĕƟŀĚŏĮƦĬĔŅĶ
ŏĜıŅŃ (ĶŌĮĪňŗȮ4-4) 
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ĶŌĮĪňŗȮ2+28ȮĶŃĭĭĬŇŏĺĻĔŅĶıńĥĬŅŐĸŃŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢĕŀĚĮĶŃŏĪĻœĪĵ 

 

4.2 ŐįĬĪňŗĪņĪŅĚĔŅĶıńĥĬŅŐĸŃŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢ 

ĔŅĶıńĥĬŅŐĸŃŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏĔňŗĵĺĕƟŀĚĔńĭľĬƞĺĵĚŅĬŏĮƦĬěņĬĺĬĴŅĔȮ
&4-5) ĪńŘĚŒĬĽƞĺĬĕŀĚȮ1) ĳŅėĺŇĝŅĔŅĶȮœħƟŐĔƞȮĽĩŅĭńĬĔŅĶĻŉĔļŅ/ĽĩŅĭńĬĺŇěńĵȮȮ2) įŌƟĮĶŃĔŀĭĔŅĶĪňŗŒĝƟĮĶŃőĵĝĬƢěŅĔ
ŏĪėőĬőĸĵňħńĚĔĸƞŅĺŐĸƟĺĪńŘĚŒĬĽƞĺĬĕŀĚĭĶŇļńĪŐĸŃȮstartup ĶĺĴĩŉĚĭĶŇļńĪĪňŗĴňĻńĔĵĳŅıĪňŗŏĮƦĬĔŅĶĨƞŀĵŀħěŅĔģŅĬīŋĶĔŇě
ŏħŇĴľĶŊŀĔŅĶıńĥĬŅĕŉŘĬŒľĴƞȮ3)ȮľĬƞĺĵĚŅĬĳŅėĶńģĪňŗĽĬńĭĽĬŋĬĪńŘĚħƟŅĬĬőĵĭŅĵȮľĬƞĺĵĚŅĬħƟŅĬĔġľĴŅĵȮĔġĶŃŏĭňĵĭȮ
ľĬƞĺĵĚŅĬĽƞĚŏĽĶŇĴĔŅĶĸĚĪŋĬȮŐĸŃĔŅĶŏĕƟŅĩŉĚĨĸŅħȮŐĸŃȮ4) ȮSynBio consortium ĪňŗŏĮƦĬĔŅĶĶĺĴĨńĺĶƞĺĴĔńĬĶŃľĺƞŅĚ
ľĬƞĺĵĚŅĬĳŅėĶńģȮŏŀĔĝĬȮŐĸŃĽĩŅĭńĬĔŅĶĻŉĔļŅ/ĽĩŅĭńĬĺŇěńĵȮħńĚĬńŘĬȮěŉĚŏĮƦĬĪňŗĴŅĕŀĚĔŅĶěńħĪņŐįĬĪňŗĬņĪŅĚĔŅĶıńĥĬŅ
ŐĸŃŒĝƟĮĶŃőĵĝĬƢŏĪėőĬőĸĵňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĝňĺĺŇĪĵŅĽńĚŏėĶŅŃľƢŏıŊŗŀŒľƟĪŋĔĳŅėĽƞĺĬœħƟŏľŖĬĪŇĻĪŅĚȮŏĮƚŅľĴŅĵŐĸŃĔĸœĔĕŀĚ
ĔŅĶıńĥĬŅĶƞĺĴĔńĬœħƟŀĵƞŅĚĝńħŏěĬȮőħĵŏĮƦĬĔŅĶĨƞŀĵŀħěŅĔŐįĬĪňŗĬņĪŅĚĪňŗȮSynBio consortiumȮœħƟĶŇŏĶŇŗĴœĺƟ 
 






























































