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Current A population of 9.5  
billion and beyond 

The major challenges of human by in the coming decades 

Energy resource  
will decline 

Population continues 
to balloon 

Food production 
plateaus 

     2050       2050 2050 
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How to fill up the 
huge gap? 

如何填補這個大缺口？ 



目前人類所面臨的艱鉅挑戰 

- 如何生產足夠的糧食餵飽超過90億的人口? 

The major challenges in the next few decades are: 
 
How to produce enough foods to feed more than 9 billions 
of the world’s population? 



全球土地危機：耕地面積減少 

工業開發 
化學污染 

氣候異常 

沙漠化 

旱災 

水災 

鹽化 









臺灣糧食自主率甚低 

54% 
1980 

日本 41 
韓國 45 
英國 70 
中國大陸 95 
美、加、澳、法 >100 

其他國家糧食自主率 



Before and After: California Reservoir Drops to 
17 Percent Capacity 
 
collapse story  
Northern California's Folsom Lake, above, on 
Jan. 16, 2014.  
 
The reservoir, 25 miles northeast of Sacramento, 
has shrunk from 97 percent capacity in 2011, to 
just 17 percent capacity this past January, 
according to a news release from the California 
Department of Water Resources (DWR).  





World food crisis is getting serious, and we should be more serious too 

Ray et al. (2013) PLoS ONE 8(6): 
e66428.doi:10.1371/journal.pone.0066428 

Dashed line:   
2.4%  of rate, 
 60-110%  of productivi  

Solid line: 
0.9-1.6%  of rate, 
 38-67%  of productivit  
  

Yield Trends Are Insufficient to Double Global Crop Production 
by 2050 

簡報者
簡報註解
So first, 

http://dx.doi.org/10.1371/journal.pone.0066428


現代分子育種技術，提高效率 



After several generations, elite, 
disease resistant tomato 

經過數代篩選， 
育成抗病優良蕃茄品種 

抗病基因育種 
Example: Introgression of a disease resistance gene 

可利用基因標記來篩選抗病植株 
 
We can use markers to look at their DNA and identify 
those with the resistance gene. 
It’s faster and easier than infecting them to see the 
phenotype  



基因工程育種技術:  

• 提高效率與精確度 

• 克服種原不足與同種、不同種難以雜交問題 

 
Genetic engineering breeding:  
• increase the efficiency and precision 
• provide additional germplasm  
• cross within or across species  



基因工程方法，將抗病基因直接導入優良蕃茄品系，速度快許多 
Genetic Modification (GM) is another breeding method 

Recombinant DNA (or GM) allows a 
single gene to be introduced into a 
genome. This method can be faster 

than conventional breeding 

優良抗病品種 
Elite, disease resistant tomato 

優良蕃茄品種 
Elite tomato 

不佳蕃茄品種，但含有抗病
基因 
Poor tomato but disease resistant 
(resistance gene indicated) 



www.infonet-biovision.org  

www.promusa.org 

細菌萎凋病在東非造成嚴重香蕉病害 
Banana bacterial wilt is destroying plants in eastern Africa  

http://www.google.com.tw/url?sa=i&rct=j&q=banana+bacterial+wilt+disease&source=images&cd=&docid=tzF84hUADvzRLM&tbnid=A34PlUQeq-niHM:&ved=0CAQQjB0&url=http%3A%2F%2Fwww.infonet-biovision.org%2Fdefault%2Fct%2F129%2Fcrops&ei=n_UdUb-_N-LMmgWfr4CIDQ&psig=AFQjCNGoMVFJQzxWsFZJGgqFwlAPmkcXtQ&ust=1361004113698475
http://www.google.com.tw/url?sa=i&rct=j&q=banana+bacterial+wilt+disease&source=images&cd=&cad=rja&docid=KxI1GZR_rnIlBM&tbnid=Yh2xFSzYIsrcGM:&ved=0CAQQjB0&url=http%3A%2F%2Fwww.promusa.org%2Ftiki-index.php%3Fpage%3DXanthomonas%2Bwilt&ei=7_UdUe_jIsXjmAWVv4CYBg&psig=AFQjCNGoMVFJQzxWsFZJGgqFwlAPmkcXtQ&ust=1361004113698475


利用基因工程方法將青椒的抗病基因導入香蕉基因體 
GM Example: Disease resistant banana by introduction of a gene from pepper  

抗病 Resistant  感病 Susceptible 
Transgenic plants carrying a resistance gene from 
pepper  are resistant to the disease 

Tripathi, L., Mwaka, H., Tripathi, J.N., and Tushemereirwe, W.K. (2010). Expression of sweet pepper Hrap gene in banana enhances resistance 
to Xanthomonas campestris pv. musacearum. Molecular Plant Pathology 11: 721-731. 

http://onlinelibrary.wiley.com/doi/10.1111/j.1364-3703.2010.00639.x/abstract


蘇力菌用在森林及蔬果生物防治害蟲，已超過 50年 

ucanr.org  

flora.coa.gov.tw 

www.kiwicare.co.nz 

簡報者
簡報註解
Peanut plant leaves without or with Bt gene after exposure to lesser cornstalk borer.  Courtesy USDA.

http://www.google.com.tw/url?sa=i&rct=j&q=Bacillus+thuringiensis+and+biocontrol&source=images&cd=&cad=rja&docid=tp-I1eTPJ6f8IM&tbnid=7fIE7JgmvUvNcM:&ved=0CAQQjB0&url=http%3A%2F%2Fucanr.org%2Frepository%2FCAO%2Flandingpage.cfm%3Farticle%3Dca.v047n05p4%26fulltext%3Dyes&ei=f_0dUZT_HaTumAXi7oHQCQ&psig=AFQjCNHq9S3FDahz7qt3sFDbenxX12SOww&ust=1361006194124262
http://www.google.com.tw/url?sa=i&rct=j&q=Bacillus+thuringiensis+and+biocontrol&source=images&cd=&cad=rja&docid=8zr6UZc7dY3q3M&tbnid=tvFY-U4jqycKDM:&ved=0CAQQjB0&url=http%3A%2F%2Fflora.coa.gov.tw%2Fview_eng.php%3Fid%3D283&ei=V_4dUZenH8KemQXjuIDADQ&psig=AFQjCNHq9S3FDahz7qt3sFDbenxX12SOww&ust=1361006194124262
http://www.google.com.tw/url?sa=i&rct=j&q=Bacillus+thuringiensis+and+biocontrol&source=images&cd=&cad=rja&docid=6G8ZS3lbllcfKM&tbnid=gMjMDIi8DIbJ_M:&ved=0CAQQjB0&url=http%3A%2F%2Fwww.kiwicare.co.nz%2Fgarden%2Fproducts%2Fproduct-list%2Forganic-caterpillar-bio-control%2F&ei=Lf8dUeHsC8qVmQWzl4CIBQ&psig=AFQjCNHq9S3FDahz7qt3sFDbenxX12SOww&ust=1361006194124262


Bt 抗蟲蛋白具有極高專一性 
The effect of Bt toxin is highly specific 

Bacillus 
thuringiensis 
expressing Bt 
toxin 

Plant cell 
expressing Bt 

toxin 

Intestine 

Bt蛋白在鱗翅目昆蟲腸胃中與受體結合，造成穿孔，使昆
蟲死亡。其他有益昆蟲及人類腸胃無此受體 
 
The Bt toxin affects  only some insects because to be effective it has to be 
processed and bind to a specific receptor protein 

Processing 

Receptor 
binding 

Intestinal 
lumen Pore 

assembly 

After binding, the insecticidal proteins assemble to form a pore in the lining of 
the insect intestine which kills the insect 



GM 

G
M 

GM 抗蟲玉米 

dominionhealthmandate.wordpress.com  

GM 

將蘇力菌的抗蟲基因導入作物中 
GM Example: Insect resistance through introduction of the Bt gene 

http://www.google.com.tw/url?sa=i&rct=j&q=Insect+resistant+GM+maize&source=images&cd=&cad=rja&docid=_vFUjWtdvVV9dM&tbnid=vKHQW1f4aUhTSM:&ved=0CAQQjB0&url=http%3A%2F%2Fdominionhealthmandate.wordpress.com%2F2011%2F09%2F19%2Fmonsantos-corn-is-toppling-over%2F&ei=H_kdUefiI8fLmgWjzoD4Ag&psig=AFQjCNGWWpKEVkhETXDooWVMGJBBJqxpNQ&ust=1361004834862125


PLOS One, 2014, 9:e111629 

A meta-analysis of the impacts of genetically modified crops V 



澳洲種植Bt棉花，5年期間，農藥使用減少 1/3  ~ 1/2 

www.regional.org.au  

傳統棉花 

Bt棉花 

A recent US Department of Agriculture report 
noted that farmers have reduced the amount 
of insecticides sprays on corn 10-fold due to 
planting of the Bt corn seeds. 

http://www.regional.org.au/


中國大陸種植GM棉花，10年期間，有益昆蟲數目增加 

中國大陸北方6個省有類似結果 

藍線：Bt 棉花 
紅線：非 Bt 棉花 
 
綠線：非 Bt 棉花噴灑殺蟲劑 
 
對鄰近玉米、花生、大豆也有幫助 
 

蚜蟲天敵（益蟲）數目 
（瓢蟲、草蜻蛉、蜘蛛） 

蚜蟲（害蟲）數目 

Nature 487:362 (2012) 

V 



植物功能性基因體研究  

- 向植物借有用的基因 

Functional Genomics: to borrow useful genes from plants 



Bailey-Serres et al (2012) Plant Physiol 160:1698 

Abiotic and biotic stresses reduce crop yields 

130 M ha of rice lands, 
 loss in rice productivity due to: 

Drought  
30% 

Salinity 
20% 

Cold 
10% 

Others 
40% 

乾旱 
淹水 
病蟲害 
風災 
低溫 
高溫 



非生物性逆境 
 Abiotic stresses 
     乾旱 Drought 
     高鹽 Salinity 
     低溫 Cold 
     高溫 Heat 
     水災 Flooding 

繁殖器官 Reproductive organs 

    穀粒大小 Grain weight/size 

    穀粒數目 Grain number/panicle 

    穗數 Panicle number/plant 

形態 Plant architecture 

    高度 Plant height 

    分蘗數 Tiller number 

    分蘗角度 Tiller angle 

    莖桿厚度 Culm thickness 

    直立葉片 Erect leaf 

根系 Root system 

    根數目 Root number 

    根長度 Root length 

Khush, 1999, Genome 42:646 

生物性逆境 
Biotic stresses 
     病害 Diseases 
     蟲害 Insects 
     線蟲 Nematodes 

決定水稻產量的因子 
Factors determine grain yield in rice 

環境因子 
Environmental 

遺傳因子 
Genetics 



Functional characterization of rice genes 

Short-term Mid-term Long-term 

Marker-assisted breeding Genetic-engineering breeding 

• 同種交配育種 
• 基因工程改良 

• 同種、異種育種 
• 基因工程改良 
• 精確、快速 
• 智財權保護 

未來全球育種趨勢 



基因改造作物對食品及環境安全嗎？ 
 

Are GM crops safe to foods and environments? 



棉花 

大豆 

油菜 

玉米 

1996-2013全球GM耕種面積（百萬公頃） 

台灣黃豆>99%進口 
66%從美國 (~95% GM) 
33%從巴西 (~90% GM) 
台灣黃豆>90% GM 

較小規模：甜菜、木瓜、苜蓿、南瓜 



小腸 

胃 

GM食品在胃部幾乎消化殆盡變成營養成分被吸收 
GM foods are digested in the gastrointestinal track 
and adsorbed as nutrients. 

消化液 消   化 酶 受      質 產           物 

唾  液 
Salivery 

gland 

唾液澱粉酶 澱粉及肝醣 麥芽糖 

胃  液 
Stomach 

胃蛋白酶 蛋白質 肽類 

胰  液 
Pancres 

胰澱粉酶 澱粉及肝醣 麥芽糖 

胰蛋白酶 蛋白質及肽類 肽類(分子較小者) 

胰脂酶 脂質 脂肪酸及甘油 

核酸酶(兩種) DNA或RNA 核苷酸 

腸  液 
Intestine 

雙
醣
酶 

麥芽糖酶 麥芽糖   葡萄糖 

蔗糖酶 蔗糖 葡萄糖及果糖 

乳糖酶 乳糖 葡萄糖及半乳糖 

肽酶 肽類 胺基酸 

核苷酸酶 核苷酸 五碳醣、含氮鹽基及磷酸 

4 nucleotides 
20 amino acids 



= = 

基改食品 

香精 

http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=GZoiGmL5kuvKkM&tbnid=QxIR3aBx-xIIrM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.unacknowledged.info%2Fdna-proof-that-starchild-skull-is-alien%2F&ei=5UJhUvPbMsfNkwWXzYC4Cg&psig=AFQjCNFkkc_TCAz5wNztrrShyAjzlJo7-Q&ust=1382192123665990
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=oQh4_L48pB7C1M&tbnid=APY6emjuEVpCOM:&ved=0CAUQjRw&url=http%3A%2F%2Ffood.rayli.com.cn%2F2002%2F2011-02-18%2FL2002002_816552_1.html&ei=fERhUrT8OoXSkwXH1YC4BA&psig=AFQjCNFU4vEV4ll9xCkRXnapHeQbxtsNQg&ust=1382192586651472


http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fwww.tkec.com.tw%2Fdic2.aspx%3Fcid%3D11058%26aid%3D4872%26hid%3D46623&ei=cAeWVfy_GIa68gWdrLzACA&psig=AFQjCNF7gSvLlSpBK-LVmWKv9s17C4HEHg&ust=1435982049873063


GM食品安全嗎？ 
Are GM crops safe to eat? 

YES 

Photo credit: Neil Palmer/ CIAT 

經過嚴格動物安全評估 
 

All GM plants are subject to extensive 
testing and regulatory oversight and no 

detrimental health effects have been 
identified 

防止糧食產生黃麴毒素 
 

Bt corn is less prone contamination by 
fungi which produce toxins linked to 

cancer and birth defects 

增加營養成分 
 
GM biofortification can ensure that 
all children get adequate levels of 

protein, vitamins and mineral  
nutrients.  

對應快速增加的人口 
 

GM is a safe and beneficial tool in 
the quest to sustainably feed the 

growing population 

簡報者
簡報註解
Chassy, B.M. (2010). Food safety risks and consumer health. New Biotechnology. 27: 534-544.Parrott, W. (2010) Genetically modified myths and realities. New Biotechnology. 27: 545-551.Hammond, B.G., Campbell, K.W., Pilcher, C.D., Degooyer, T.A., Robinson, A.E., McMillen, B.L., Spangler, S.M., Riordan, S.G., Rice, L.G. and Richard, J.L. (2004). Lower Fumonisin Mycotoxin Levels in the Grain of Bt Corn Grown in the United States in 2000−2002. Journal of Agricultural and Food Chemistry. 52: 1390-1397.http://www.plantpath.wisc.edu/PDDCEducation/ScoutSchool/General/Slide64.htm

http://www.flickr.com/photos/ciat/3972123507


全球科學家支持基因工程改良作物 
Scientists worldwide endorse GM as an important tool for breeding 

“Both genetic improvement 
and better crop management are vital and 

both should be 
resourced in parallel.” - 2009 

“The ASPB believes strongly that, with continued 
responsible regulation and oversight, GE will bring many 
significant health and environmental benefits to the world 
and its people.”  - 2006 

美國植物學會 

英國皇家學會 





Cow head on the nose 

Cows grown out of the human body 



The Father of Antibiotics: Alexander Fleming 

http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FAntibiotics&ei=js-YVJ6LPIWG8QW5sYGIBg&psig=AFQjCNGplODaaPSBaFLnvM3RIBgK6PQtBw&ust=1419387140484766


研發先進且安全的基因改造技術 
 

Development of advanced and safe genetic engineering technologies 



miRNA gene silencing system 



A company in B.C.'s Okanagan region is 
celebrating today after its genetically modified, 
non-browning Arctic Apples was approved for 
deregulation in the U.S. 
 
The Arctic apple doesn't oxidize — or turn 
brown — because its developers have figured out 
how to adjust the growing process to inhibit the 
browning enzyme 

加拿大的一家小公司Okanagan利用

基因靜默法抑制蘋果多酚氧化酶的含

量，所生產切開不會褐化的新品種稱

為「北極蘋果」（Arctic apple），最

近也在美國及加拿大獲准商業化，相

當受到餐飲業的歡迎，預計在2016年

即可上市。 



Lowering asparagine and reducing sugar levels 

澱粉經過高溫燒烤或油炸後，所含還原糖會與一
種氨基酸─asparagine作用而產生acrylamide，
過量食用可能致癌及傷害神經。因此，如何降低
澱粉類食品中asparagine的含量，是作物育種上
很重要的一項工作，尤其在製作麵包的小麥及薯
條、薯片的馬鈴薯 

美國愛達荷州Simplot公司 
「天生馬鈴薯」（Innate potato） 
降低asparagine及糖含量 

http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Flycobakery.com%2F&ei=wv6VVaWdFMS68gXK54yQCw&psig=AFQjCNGa6vtrFhCNX8LM-RSKDVUuJwF--Q&ust=1435979813664295


CRISPR/Cas9 gene editing system 

CRISPR/Cas9 Target gene 

Target gene 

CRISPR/Cas9 + Edited target gene 

Segregation 

CRISPR/Cas9 

Target gene 



如何面對未來？ 
 

How to fact the future? 



汽車污染空氣，是否仍要開車？ 

如何在經濟發展與環保中取得平衡？ 

http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fwww.techbang.com%2Fposts%2F15410-mit-professor-research-treatment-algorithm-for-traffic-jams&ei=vf-VVbyeEsOC8gXNxZrgBA&psig=AFQjCNE1m80GhApu1SKXTlEavTaJFEsOCw&ust=1435980071666327
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fep.chinaluxus.com%2FEfs%2F20130118%2F262179.html&ei=UACWVdSWIdjX8gX9lawI&psig=AFQjCNHdUb-1Up82o6kKTzUqO4vwJFLEaw&ust=1435980162585162


全球土地危機：耕地面積減少 

工業開發 
化學污染 

氣候異常 

沙漠化 

旱災 

水災 

鹽化 



2012
年 



http://faostat.fao.org/ 

1974-2010年，美國玉米種植成本增加，為產量的10倍 
Corn yield and costs of crop production in Iowa, USA 

Machinery for Growing and Harvesting 

Seed, Chemicals and Fertilizer 
Labour 
Land 

Corn yield 

機械 ↑3 x 

種子、農藥、肥料  
↑ 4 x 

人工 ↑ 4 x 

土地 ↑ 3.7 x 

玉米產量 ↑1.6 x 

http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fhk.apple.nextmedia.com%2Frealtime%2Finternational%2F20130127%2F51241858&ei=8wOWVaGSE8bm8AX_rLfABw&psig=AFQjCNFA89Elosv0mMGMv83NhCkj4CwYDQ&ust=1435980414300334


農民及消費者皆深受農藥之害 歐美 

東南亞 

台灣農藥用量： 
亞洲平均的2.5倍 
美國的5倍 

http://en.wikipedia.org/wiki/File:Cropduster_spraying_pesticides.jpg
http://en.wikipedia.org/wiki/File:Irrigation1.jpg


Target traits of molecular breeding 
育種目標 

• Increase in crop yields 提高作物產量  

• Reduction in fertilizer use 減少肥料使用 

• Reduction in pesticide use 減少農藥使用 

• Tolerant to drought, salt, high and low temperature 耐逆境 

基改作物的目標也是相當「有機」的 



Organic farmer Molecular geneticist 
UC Davis 

A complementation of practices and technology – 
the organic practices protect the environment 
and the genetic engineering technology helps 
reduce crop losses to disease or environmental 
stress. 
傳統與現代科技的互補 – 
有機耕種保護環境，而基因工程技術減少病
蟲害及環境逆境造成的作物損失。 

Food security and 
sustainability: 
retain the productivity 
without the negative 
impact. 
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