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[ The major challenges of human by in the coming decades }
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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?
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CALIFORNIA DROUGHT /4

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).
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- United States Drought Monitor

me ;) State Dirought Monitor

. March 31, 2015
U.S. Dr Ough t Monitor (Released Thursday April 2, 2015)

] . Valid 8 a.m. EDT
California

Statistics type: @ Traditional (D0-D4, D1-D4, etc.) (O Categorical (DO, D1, etc )
Drought Condition (Percent Area):

Week Date MNone D0-D4 D1-D4 D2-D4 D3-D4 D4
2015-03-
Current T 0.15 99.85 95.11 93.44 66.60 41.41
2015-03-
Last Week T 0.15 99.85 93.11 93 .44 66.60 41.41
3 Months Ago % 0.00 100.00 45312 94 34 7794 321
Start of 2014-12- o i o a iy -
Calendar Year 30 0.00 100.00 93.12 04,34 77.a 321
Start of Water | 2014-09-
- 0.00 100.00 100.00 45 04 81.82 F8.41
Year 20
One Year Ago % 0.00 100.00 9531 95.21 68.76 23.49
Population Affected by Drought: 3?,00?,923
Intensity:
D0 - Abnormally Dry I O - Extreme Drought
D1 - Moderate Drought I O - Exceptional Drought

D2 - Severe Drought



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

Yield Trends Are Insufficient to Double Global Crop Production
12 by 2050
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Ray et al. (2013) PLoS ONE 8(6):
£66428.


簡報者
簡報註解
So first, 

http://dx.doi.org/10.1371/journal.pone.0066428
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Example: Introgression of a disease resistance gene

GRIRE b R P

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

LA EE
TR B E A

After several generations, elite,
disease resistant tomato
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Genetic engineering breeding:

e increase the efficiency and precision
e provide additional germplasm

e cross within or across species
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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

| 3 g

| 2 7

S LA R

- m Poor tomato but disease resistant

(resistance gene indicated)

B LR A

Elite, disease resistant tomato
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Banana bacterial wilt is destroying plants in eastern Africa
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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
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GM Example: Disease resistant banana by introduction of a gene from pepper

F¥uf Resistant E‘;Iﬁi Suceptible

Transgenic plants carrying aresistance gene from
pepper areresistant 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:


http://onlinelibrary.wiley.com/doi/10.1111/j.1364-3703.2010.00639.x/abstract
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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 #ufi 3¢ L7 &3 & - 1+
The effect of Bt toxin is highly specific

Intestine

Intestinal

Pore
assembly

Bt3 v n@ii2p A A% T P EXHESL
ﬁ}"z—e o "'4 7~%&Z’z &z“éﬁ’%%ﬁt"‘

The Bt toxin affects only some insects because to be effective it has to be

processed and bind to a specific receptor protein
After binding, the insecticidal proteins assemble to form a pore in the lining of

the insect intestine which kills the insect
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GM Example: Insect resistance through introduction of the Bt gene
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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

A meta-analysis of the impacts of genetically modified crops

80 1
68.2***

60 -

40 -

21 .6***

-40 7 '36.9***

-39.2%**

Yield Pesticide  Pesticide cost Total Farmer profit
quantity production
cost

Figure 2. Impacts of GM crop adoption. Average percentage differences between GM and non-GM crops are shown. Results refer to all GM
crops, including herbicide-tolerant and insect-resistant traits. The number of observations varies by outcome variable; yield: 451; pesticide quantity:
121; pesticide cost: 193; total production cost: 115; farmer profit: 136. *** indicates statistical significance at the 1% level.

PLOS One, 2014, 9:€111629



B EEBUE T 5EPE > BER T RS U3 ~ 1/2

Conwventional cotton = = NG ARD cotton
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3.0, per hectars

-

9304 94595 05 05 a6Ma7T armg 98309 99500 ooa 0102 D2/03

Figure 1. Change in Pesticide Use (kilograms of Active Ingredient pe
Hectare) on Australia cotton crops. Significant reductions have been
achieved on both conventional and INGARD® cottons over the last 5
vears. Source: Cotton Consultants Association Market Audit Survey
2003.

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/

Predators per 100 plants

(-3

Aphids per 100 plants (x 103)
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a0} Nature 487:362 (2012)
Figure 1| Population densities of predators and aphids on cotton with

different management regimes at Langfang experimental station (2001-

2011). a, Predators. b, Aphids. The blue and red lines indicate Bt cotton and
non-Bt cotton without insecticide sprays, respectively; the green line represents
non-Bt cotton with CBW insecticide sprays (chemical control).
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Functional Genomics: to borrow useful genes from plants




Abiotic and biotic stresses reduce crop yields

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

Percent total loss (US $B)

. Drought

Flood
Other
/ Extreme
Cold

Figure 17, Global rice paddy production and amea
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Environmental Factors determine grain yield inrice  Genetics

?f_é'_ $ "ﬁ' Reproductive organs
PR X -|* Grain weight/size
%}"J‘l‘-ﬁtﬂ Grain number/panicle
i@#ﬁ Panicle number/plant

/‘\\

>~

Oy
® ©
R LR
Abiotic stresses

3'5-5- Drought

B B salinity

% ® Ccold

':3 . Heat

’}4 3& Flooding

Biotic stresses
3}?—33‘; Diseases
ﬁ,% Insects
B Nematodes

2'3 i{; Plant architecture
Fg B Plant height
A %ﬂt Tiller number
> A’\% £ B Tiller angle
ﬁ.’}& /S-)i Culm thickness

-t -
B = 2 Erect leaf

2 )% Root system

> B P Root number
2 £ B Root length
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Functional characterization of rice genes

— l \

Short-t<‘n Mid-term Long-term
Marker-assisted breeding Genetic-engineering breeding
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Are GM crops safe to foods and environments?
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Global Area of Biotech Crops, 1996 to 2013:
By Crop (Million Hectares, Million Acres)

o #F 8>99%: T

66%i¢_% B (~95% GM)

33% = & (~90% GM)
== Soybean -~ A% 2>90% GM
== Maize

Cotton
=3¢= Canola

.--_’ )
Wt

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Ol RECHF AR CTRE B A

Source: Clive James, 2013
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GM foods are digested in the gastrointestinal track

and adsorbed as nutrients.
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Are GM crops safe to eat?

EEERE T 20 YES IEEEE PN

All GM plants are subject to extensive GM biofortification can ensure that
testing and regulatory oversight and no all children get adequate levels of
detrimental health effects have been protein, vitamins and mineral
identified nutrients.

I TTEE S EL R A H S A T

Bt corn is less prone contamination by GM is a safe and beneficial tool in
fungi which produce toxins linked to the quest to sustainably feed the
cancer and birth defects growing population

Photo credit: /| CIAT
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Scientists worldwide endorse GM as an important tool for breeding

“Both genetic improvement

and better crop management are vital and Reapi ﬂg J[he beﬂeﬂJ[S

. bOth ShOUId be Science and _the sustainable intensification
resourced in para||e|_” - 2009 of global agriculture

October 2009

FREFFE

American Socie
of Plant Biologists

Cultivating a better futrre through plant bislogy research

“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

THE ROYAL SOCIETY
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The Father of Antibiotics: Alexander Fleming
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Development of advanced and safe genetic engineering technologies




MIiRNA gene silencing system

RNA interference: the next genetics revolution?
Safia Wasi

A\V/A\V/A\V/A\V/A\V/4\N




Arctic apple developed in B.C. approved for sale in U.S.

Genetically modified fruit inhibits enzyme that causes fruit to turn brown

CBC News Posted: Feb 13, 2015 10:42 AM PT | Last Updated: Feb 13, 2015 11:06 AM PT

Stay Connected with CBC News

- dv £ % - R 2 ? Okanagan#
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A company in B.C.'s Okanagan region is T ' % (Arctic apple) » &

celebrating today after its genetically modified, ) A ERIE S LELAER S
non-browning Arctic Apples was approved for q- a2 H £ K& Fj# 18

deregulation in the U.S. % % PR A ¥ aEcio o IR 2016+
Zho &7 o
The Arctic apple doesn't oxidize — or turn W LW

brown — because its developers have figured out
how to adjust the growing process to inhibit the
browning enzyme



[OWA STATE UNIVERSITY

OF SCIENCE AND TECHNOLOGY
News Service

Acrylamide is a chemical compound that studies have linked to the
formation of cancer in animals, and the FDA has encouraged

Americans to cut back on foods that contain the substance. It

accumulates naturally in starchy foods cooked at high temperatures,
such as roasted nuts and coffee beans or the crusts of bread. Potato

New research from lowa State
University economist finds
consumers willing to spend more
for biotech potato products

Posted Mar 10, 2015 9:58 am

AMES, lowa — New research from an lowa State University economist
found consumers were willing to spend more for genetically modified
potato products with reduced levels of a chemical compound linked to
cancer.

Wallace Huffman, Charles F. Curtiss Distinguished Professor in
Agriculture and Life Sciences who contributed to the project, said the
findings underscore the importance of efforts to educate consumers on

the use of biotechnology in the production of healthful food.

products like french fries and potato chips make up the biggest source
of acrylamide consumption in the United States, Huffman said.

Potato growers have tried conventional plant breeding technigues to
cut down on the formation of acrylamide, but biotechnology and

genetic modification have yielded more promising results, he said.
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CRISPR/Cas9 gene editing system
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Corn yield and costs of crop production in lowa, USA
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Target traits of molecular breeding

TP

Increase in crop yields # 3 T4~ &2 £

Reduction in fertilizer use jg« -5 57 sl #

Reduction in pesticide use "> B Z i *

Tolerant to drought, salt, high and low temperature i 3
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A complementation of practices and technology —
the organic practices protect the environment

and the genetic engineering technology helps TO m O rro W ’S

reduce crop losses to disease or environmental

Table
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