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GMO Technologies:

Transferring specific
genes to crop plants

--Precise and efficient;
--Most powerful;
--Expensive for deregulation
--Publically less acceptable;
--Possible gene flow.
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The genome of cultivated sweet potato contains
GMO plants are Agrobacterium T-DNAs with expressed genes: An

not monsters % example of a naturally transgenic food crop
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Some Impact of GMO Crop Plants

Near 100% Soybean, Cotton and Corn Planted Are GMO | --We have consumed GMO food since
100 1997.

90 --Near 100% soybean, cotton and
cotton planted in the US are GMO.

--Up to 80 percent of packaged foods
contain GMO ingredients.

o
o

~
>

/

o)

c

£
« 60
Q.

S

L
S

Golden rice to prevent Keeoi le fresh
m|II|ons of blindness eeping apple fres

Credit to: https://www.beefmagazine.com/crops/gmo-crop-prevalence-nearly-100

S o § P PO RO AN WD o - ;
R N SN RN N | - B

Virus resistant papaya Insect resistant cotton




Bt corn uptake and insecticide use in U.S. corn fields
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Fundamentally
the same:

Traditional and
GMO breeding
methods both
are involved in
gene transfer.

Traditional

gene




Effectiveness and public acceptance of
three major plant breeding technologies

GMO Gene editing Traditional
breeding

Effectiveness

Acceptance Most




We need to use all possible tools to improve crop yield to feed the World

Increases in World Population versus Reduction in Crop Land
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Source: FAO, United Nations, WHO
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Improving crop yield also reduces impact on precious natural resources







Gene editing technologies

Modify native genes in plants

--Precise and efficient;

--No foreign genes in plants;
--Limited to native plant genes;
--Less powerful than GMO;
--Similar to conventionally bred,
not regulated in US.
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P-Dought
sensitive but
high seed yield

Editing native
genes to create
drought
tolerance. No
foreign genes
moved in

“A” has been changed to “G”

' Newdrought
. tolerantand
~  high seedyie
it corn variety

e e

The modification may
create drought tolerance




USDA greenlights gene-ediled crops
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Timeline of selected traits modified by genome editing in plants, animals and for medical applications (red)

Herbicide resistant Soybean with reduced Non-browning
trans-fats

canola mushroom_

e

Virus-resistant
cucumber

Herbicide resistance in
var. crops

f

Blight-resistant

rice
L A
"_,~../’

High yield waxy corn
Powdery mildew- ey il

Potatoes with
altered starch

2012 2015 2016 -
LAuLfeh:,:i:iii\?of;i?:m CRISPR clinical study to cure \ _
- lung cancer in China Tuberculosis-
s resistant cattle
Hornless milk cows In vitro CRISPR trials to \

cure HIV
CRISPR clinical trials to

cure var. cancer in the
us

Front. Bioeng. Biotechnol., 2018 | https://doi.org/10.3389/fbioe.2018.00079

Gluten-free wheat
Non-allergenic apples
and peanuts
Improved abiotic
behaviour

Cancer treatment

Farm animals with var.
resistances against virus
and bacterial diseases




Traditional Breeding
technologies:

Transferring tens of
thousands of genes from
one plant to another.

--Most currently used
crops were bred using
this approach;

--Publically acceptable;

--Not precise and
inefficient.

P1-high yield P2-Drought
but drought | Y| tolerant but
sensitive low yield

P1 X P2

A

F1-Drought |

tolerantbut |

low seed yield | |

6-10 generations

and selections

of backcrosses l

tolerant and

corn variety

New drought
high seed yield |

Drought
tolerant gene
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tolerant ge



Grain yield (bu/ac)

U.S. Corn Grain Yield Trends Since 1866
Data Source: USDA-NASS (as of Jan 2017)
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Using traditional breeding Y o PR o i
techniques, we have developed low e b T A
mowing frequency lawn grasses and » L At
non-invasive burning bush R e =

§0 it & AR s 7 ~;A

Sterile, non-invasive burning
bush (Euonymus alatus)

Low mowing
frequency lawn grass,

Conventional lawn grass,
mowing once a month

mowing once a week



Traditional Breeding
technologies:

Transferring tens of
thousands of genes from
one plant to another.

--Most currently used
crops were bred using
this approach;

--Publically acceptable;

--Not precise and
inefficient.

P1-high yield P2-Drought
but drought | Y| tolerant but
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Grain yield (bu/ac)

U.S. Corn Grain Yield Trends Since 1866
Data Source: USDA-NASS (as of Jan 2017)
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Using traditional breeding Y o PR o i
techniques, we have developed low e b T A
mowing frequency lawn grasses and » L At
non-invasive burning bush R e =
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Sterile, non-invasive burning
bush (Euonymus alatus)

Low mowing
frequency lawn grass,

Conventional lawn grass,
mowing once a month

mowing once a week



