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Extreame demands take all means

Plant breeding is a long term process, and we need all
available tools in the toolbox to succeed

3

www.umb.no



Science — Political Reasoning — Media

Need attention, information and a good environment.
Law against GMOs does not make sense.
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My agenda:

dWISNILIAOIF D0 -@1IIN 404 13131ISYIAINN

- Short: risk perseption and importance of science based choices
- What GM & GMO is and mean

- Current global GM facts

- Challenges

ol - Unique possibilities with GM, examples



RISK PERCEPTION Intuitive feeling of risk
AND ACTUAL HAZARDS

TERRORIST ATTACK

PLANE CRASH

Most feel terrorists
and plane crash wors,
while cancer and cars
most likely kill us

PUBLIC OUTRAGE

=> Important to
priorities means
where most needed

ACTUAL HAZARD

CAR ACCIDENT

CANCER www.susannahertrich.com
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Knowledge essential to understand, see and make
good choices

pO NG BLE,\—?:N “
00 NOT MACHIN o ...nous sommes desoles

DO NOT 1ROy,

A AN A e [ _ gue notre president soit un

uvﬁ‘ SAVON oon EDS

eTensRE PO St RN idiot. Nous n’avons pas vote

'ASMV!LUSEq , -
i A5 SECHERA LA SRR pour lui”

Labeling has no value
unless the content is
understood!

Genetic Modification (GM) involves laboratory technigues
- are great & unique scientific tools
- aplant breeding technigue to make new products;
regular plant varieties,
more sustainable feed &
medicine plants

www.umb.no
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*115550%

Understanding life is a drive
- for a number of reasons




Basic Science Needed for Future Food Security
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® DiaGenic

www.umb.no



What it takes to make a
genetically modified organism (GMO)

Termination

Viral promoter  EPSP synthase signal

wamgpems | 1) Cloning of genes (DNA) of interest
é - Add a gene to optain a new function
| - Remove a gene with unwanted function

Fusion gene inserted into plasmid *

@ 2) Transfer the gene to an organism
- Agrobacterium
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inserted into Agrobacterium

Agrobacterium transfers plasmid carrying

Eziz,ir:;’rn%s;ﬁ‘.:sz.s'sr;:;::‘;;"::a‘;;?'l 3) Selection of transgenic cells

making cell resistant to glyphosate
Cell from plant leaf L 1 )

4) Before possible marketing

Calluses with EPSP fusion gene grown+
in medium containing glyphosate

- Risk assessment and acceptance

- Consumer preferance (if not wanted it will
not sell/survive)

Plants regenerated from
calluses are glyphosate-
resistant

Figure 19-1 Essentials of Genetics, 6/e www.umb.no
© 2007 Pearson Prentice Hall, Inc.



GM — Methods to Transfer DNA

-Agrobacterium tumefaciens, T-DNA transferred from bacteria to plant cells
-Direct DNA-injection
-Particle bombardment (gene canon)
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Genes can produce proteins directly or regulate other genes
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operon
DNA activator operator
» T AP IPUAPUAPNNI, . T T
regulator promoter structural gene
RNA
mRNA mRNA
Protein

repressor active
A protein protein

Genes and their generated RNA & proteins - basis for all life

www.umb.no
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New techniques laser precision and
can make non-detectable GMOs

Cre/lox

-Integrate gene at specific
places in the genome
-Remove specific genes

Cre excises the sequence
between /ox sites

ATAACTTCGTATAGCATACATTATACGAAGTTAT
TATTGAAGCATATCGTATGTAATATGCTTCAATA

— O\

lox lox

N LBNLENLEN DN,
i g

WP SR A g
Cre recombinase

Sequence
between lox +
sites is released

EEINVENVIANVINNGS

Copyright © 2006 Pearson Prentice Hall, Inc.

Zn-fingers and CRISPR further development of the technology

Tt ——— e Targetin
X vedor 0
homologous ><
recombination
exon
00 ] )
200 T — y 0K

Target gene in
chromosome

Mutated
chromosome
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trap0a®

GMO also called a transgenic

Transgene (gen from another species),
Cisgenic/intragenic (gene from the same species)

Dromoter Anthocyanin Gene Causing Purple Color




GM facts and opportunities

GM increased yield by 21%

GM reduced pesticide quantity by 37%
GM reduced pesticide costs by 39%
Profit gain for GM farmers 69%
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Breeding should optimize energy
production, it be food, feed or fuel

Efficiency depend on optimal tools and a
complete toolbox, such as GM

Metastudy by Klimper & Qaim 2014 PL0oS

www.umb.no
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Source: USDA, Economic Research Service using data from USDA, National Agricultural
Statistics Service, Agricultural Chemical Usage Reports and Quick Stats.

http://www.ers.usda.gov/amber-waves/2014-march/adoption-of-

Insecticide use in corn and cotton declined in most years following GE crop adoption
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genetically-engineered-crops-by-us-farmers-has-increased-steadily-
for-over-15-years.aspx#.VGEL4r619BH

www.umb.no



c
= Current Global GMP Map
o
2
_|
m GLOBAL AREA OF BIOTECH CROPS
m efle
— Million Hectares (1996-2013)
§ 200 = O
= Total Hectares . 27 Biotech Crop Countries
g 180 4 = Industrial o
S ~Z&x~ Developing 4
Q 160 — O
= 2
o 140 —
i
=2 120 =
S
O 100 = A
80 =— _
60 =
40 —
20 =
0 =& ™= | | | | | | [ | | | | | | I | |
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
oM, A record 18 million farmers, in 27 countries, planted 175.2 million hectares (433 million acres) in

2013, a sustained increase of 3% or 5 million hectares (12 million acres) over 2012.

Source: Clive James, 2013.




We all Wear GM Cotton
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Global Adoption Rates (%) for Principal @%
Biotech Crops (Million Hectares, Million Acres), 2013 ...
M Acres
494 200
445apies O Conventional
395 160 B Biotech
346 140
296 120 107
247 100
198 80
148 60
929 40
18 ] 0
79% 70% 32% 24%
Soybean Cotton Maize Canola

Source: Clive James, 2013
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Biotech Crop Countries and Mega-Countries™®, 2013

Biotech Crop Countries and Mega-Countries*

a5 822
Cannda® Portugal
10.8 Million Has.
Canola, Maize,
Soybean, Sugar beet

#1
LISA*
70,1 Million Has.
Madze, Soybean
Catton, Canola

gar beet, Alfalfa

va, Squash

#23
Cuba
<005 Million Has.

#7
Mexico*
0.1 Million Has.

Colton, Soybean

LFa
Honduras
<0.05 Million Has

#25
Costa Rica
<0.05 Million Has

Cotton, Soybean

#18
Colombia*
0.1 Million Has,

Cotton, Maize

#
Bolivia*
1.0 Million Has

Saybear

#20
Chile*
<005 Million Has.

M re, Soybean, Canola

<005 Milli

6
Spain*

n Has 0.1 Millon Has,

Malze

Faraguay*
1.6 Milllon Has.

Sovhean, &

#24
Czech Republic

#3 #10
Argentina®
24.4 Million Has,

Sovbea re, Coti Soybean, Maire

«<0.05 Million Has.

Uruguay*
1.5 Million Has,

827 226
Slovakia Romanfa
«0.05 Million Has

#2
HBrazil*
40,3 Million Has.

Soybean, Makze

«<0.05 Million Has

2013

#9
Pakistan*
2.8 Million Has

#6

China*

4.2 Million Has,
! Cotton, Papaws
Poplar, Tomae
Sweet Pepper

#4
india*
11.0 Million Has

Coaror

s
Myanmar*
0,3 Million Has

Conton

#12
Philippines*
0.8 Million Has

Maize

#13
Australia*®
0.6 Million Has

#19
Sudan*
0.1 Million Mas

Cotton

AL
Burkina Faso*
0.5 Million Has

Hon

NG
South Africa*
2.9 Million Has

Maize, Soybean, Comor

1 *19 biotech mega-countries growing 50,000 hectares, or more, of biotech crops.

Source: Clive James, 2013,

&
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Global Area (Million Hectares) of Biotech
Crops, 2013: by Country

Biotech Mega Countries

50,000 hectares (125,000 acres), or more

1. USA 70.1

13. Australia

. 27 countries which have adopted TR P

Increase over 2012 biotech crops

in 2013, global area of biotech

crops was 175.2 million hectares, Less than 50,000 hectares

representing an increase of 3% Czech Republic
ver 2012, equivalent to 5 million o

Portugal Romania
: Slovakia




Farmers Weekly: Loss of pesticides could
cost UK farming £1.6bn

UPGRADING TO AIR BRAKES
v : o 4
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S 2071 FARMERS WEENAY AWARDS ﬁ’ ¢
2 Local Food Farmer of 1he Toar Nanines 4 "' o'

This i1s another reason why GM might be needed —
for plant protection to reduce yield losses.

http://www.fwi.co.uk/arable/loss-of-pesticides-could-cost-uk-farming-1-6bn.htm

www.umb.no



Swedish (BASF) Fortuna — dry rot resistance

Potato breeding is very time
consuming and inefficient => GM
especially important

e 40% of Norways pesticides
due to this "fungi”

dWISNILIAOIF D0 -@1IIN 404 13131ISYIAINN

e 2 resistance genes taken from
S. Bulbocastanum

www.umb.no



GMO results depend on know-how and funding
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- Available techniques, genes and patents

-Development of products mainly happends in the world outside
Europe
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The World Outside Europe Prepare
and Develop GMO for All, Except EU

Annual World Biotechnology Congresses
In Dubai & USA for medical and
agricultural sciences including nobel price
winners




13t JUPAC International Congress of Pesticide Chemistry
/ 248th American Chemical Society National Meeting, San
Francisco Aug 2014
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RNAI (GM method) — the hot topic this year

RNAI can replace pesticides
— cleaner production
DNA => mRNA => Protein

RNAI can target and knock-
out specific genes in an
organism

www.umb.no
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RNAI to knock-down or knock-out genes

Used in medicine &
pest management for crop protection

DNA

MRNA
RNAI (blocking mRNA translation)

=> [ittle or no protein

www.umb.no



RNAI to block insect feeding by attacking insect
gut genes

Replacement of epithelial cells
in the gut from stem cells

epithelial shedding ___ villi

cells o, cells / ‘

2BA - '
T

Stem
cells
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—dead outer
= | layerof cells ®

loose
connective
tissue

cross-section
of villus

dividing and
~ differentiating
keratinocytes

A AAANNA e A= S\ — basal lamina

b-N0 Fig. 8.21




Increased yield by increasing the stem cell pool
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Cold Spring Harbor (Long Island, NY, USA)
Bommert et al. 2013 Nature Genetics
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Sequencing species increases our gene bank & knowledge

Oceanic Metagenomx//
PLOS BIOLOGY,

THE & -
HUMAN
GENOME .4

A collection of articles from tBoJ Craig Venter In: o
Global Ocean Sanplmg expedition \

3-2 Craig Venter construction of life Nighighenr g5 BTOOT €hcamers

www.umb.no
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How a DNA fragment/chromosome piece reads
(4 variables: A, T, G, C)

PDANIL AR n AL AL N AV LN Nl SN R INAIN A ADLAANRUSA L Lh SR SN A LA M)l
ATGGTCATAGCTGTTTCGTG TGTGAAATTG TTATCCGCTC ACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCT AATGAGTGAGCTAACTC
130 140 150 160 170 780 190 200 210 220 230
LA RPN Lol OAY ‘A\.A\“ U4 A PN ll}\l’. n s Onlo AL AL IALA Noealing A A LA o Aok 27X Jlox dthadihack A A A sod Aalod AAA A A Ao b o Koo LA L AMIA ol Lo L1 LA A N ol il
CATTAAT TGCGT TGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT TTGG GCGCT
240 250 260 270 280 290 300 310 320 330 340

et




Classical GMO

AAAATTGGCCTTTCGC66TATTCCTTC...
.TTTTAACCGGAAAGCGCCATAAGGAAG......
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GTCCCCGTTAA
CAGGGCAATTT

AATTGGCCGTCCCCATTAATTTCGC6GTATTCCTTC..
AACCGGCAGGGCAATTTAAAGCGCCATAAGGAAG..

Hybride nucleic acid = Recombinant DNA

www.umb.no



Advanced GMO would produce product WHEN og WHERE
needed

e Resistance gene only activated if attacked by insect

e Harvested product in seeds only i.e. marine oils for feed

Cc
=
<
i
7
2
_|
]
_|
]
_|
o
o
s
=<
—
~
(-
5
o
o
%
@)
S
_|
o
=
£
o

Promoter GFP
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GMP producing vaccines or treatment by antibodies

directly

Gene from a human
pathogen is inserted
into a vector taken up
by a bacterium that
infects plants

Eating raw potato
triggers immune
response to pathogen

Figure 19-5 Essentials of Genetics, 6/e
© 2007 Pearson Prentice Hall, Inc.

Bacteria infect
potato leaf
segments

Leaf segments sprout into
whole plants carrying
gene from human pathogen

www.umb.no
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Agroinfiltration for time limited, high production
of e.g. ebola antibodies

www.umb.no



GM could develop a greener medicine production and add
high income production to farm fields
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GM Chicken not Spreading Influensa

Developed at Cambridge
& Edingburgh University

Lyall et al. 2011 Science

Suggested possible to
use the same principle
on swine and perhaps
even human influensa.

Innovasjon Norge As
example:

Norwegian chickens
used to produce
antibodies after
Injections, if GM no
treatment needed.



Gene Revolution — Golden Rice (GR) with provitA
Update

e Reqgular rice has provit A only in green plant parts

e The Ingo Potrykus first GR had genes from Easter Lily and a
soil bacteria (Erwina uredivora)
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e GR 2 has the genes from maize and rice
e® GR2 crossed into local varieties Philippines, Taiwan & USA
e Planned marketed 2016 in the Philippines

www.umb.no



Golden rice — improved for human health

- 23 X higher 3 caroten
(37g per g rice)

- Bioavailability better than
spinach

-One portion enough to

secure daily intake of
provitamin A

www.umb.no
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Alternative Fish Oil Needed for Sustainable Aquaculture

www.umb.no

¢



GM field trial at Rothamsted
(High Security Level Needed due to Protesters..)
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*115550%

The GM Camelina sativa Producing Omega-3




Title: Draft Opinion on A comprehensive assessment of
fish and fish products in the Norwegian diet — based on
new knowledge
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VKW

Vitenskapskomiteen for mattrygghet

www.umb.no
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GM salmon with improved meat production can be optained by
several means; stronger promoter or stronger growth hormone
genes to optained higher meat production

www.umb.no
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Environpig developed in Canada & China

University of Guelph, Canada

Z\W s, Utilize feed phosphorus (P) =>
- jp:n,uw/ g o e reduce losses via manure.

Same principle developed in
plants to increase utility of P
content in fertilizer.

o O OH OH OH

O=p-OH
O=p-OH —
ONQ H* 8HOTT o n*6 H;PO,
-0-£0 [

H OH
HOP=0  —————  TIpositol

Especially important to secure
global P resourses, since limited
and part of DNA. If we run out of
P => all life end.

www.umb.no



China has developed GM animals

First world conferance on GM animals in Argentina 2011
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China invests in GMO to meet food security needs




Financial Strength
EXx: Investments in modern genetics: BGI (formerly
Beijing Genomics Institute)

Placed their European headquarter in Copenhagen

4500 employed and hired another 500 in 2010, of which 1500 are
bioinformaticians
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Sequences genomes & individuals in large numbers, publish in
Nature & Science

Tested 500 genes in GMOs by 2010

4 main areas of research:
C4 photosynthesis
N2 fixation
Seed and flower development
Heterosis WWW.UMb.NO
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GM might be the only mean to utilize the
resources in the Svalbard gene vault

e As wildlife conservation realized 20 years ago, there is litle sence in
preserving locally adapted seeds to ecosystems disappearing

e Gene transfer might be the exclusive way to keep and make use of
resistanse and imortant quality traits (Gordon Conway, chief
scientific adviser UK governments Dept for Int. development)
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113500

How GM technology will be used
depend on the investments and
politics

We can participate
or depend on
other’s choices




facebook facebook facebook facebook
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Pro-GMO.no

Dag Hessen Gyldendal
Mendel 150 year anniversary

http.//www.ted.com/talks/
michael_specter_the danger_of science_denial

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3566841/

trap0a®


http://www.ted.com/talks/michael_specter_the_danger_of_science_denial
http://www.ted.com/talks/michael_specter_the_danger_of_science_denial
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3566841/
http://www.fjellner.eu/miljoutskottet-forsoker-stoppa-gmo/
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Zinkfingernucleases (ZFN) => non detactable GMO

DNA-binding part: Zinkfinger
(designas for att binda till ett specifikt stdlle i DNA)

v DNA-cleaving part: Nuklease
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ZFN-complex

naRC

Marie Nymann

www.umb.no



Agroinfiltrering

tmaterial doppas i en Agro-losning -> vaccum.

obacterium tas upp intracelluldrt och
rerar T-DNA in i cellen.
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ikten dr inte stabil integrering utan
ob produktion av protein eller studera effekten
n viss genprodukt.

empel. iBio Inc - kliniska forsok fas 1
ensavaccin (HIN1) - pressmeddelande 21 mars.

www.umb.no
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Pharmaceutiske products produced in GMOs

5

GRS R Bl Some Genetically Engineered Pharmaceutical Products Now Available or Under Development

Gene Product

Condition Treated

Host Type

Tissue plasminogen activator tPA

Human growth hormone

Monoclonal antibodies against vascular

endothelial growth factor (VEGF)
Human clotting factor VIl

C1 inhibitor

Recombinant human antithrombin
Hepatitis B surface protein vaccine

Immunoglobulin IgG1 to HSV-2
glycoprotein B

Recombinant monoclonal antibodies

Norwalk virus capsid protein

E.coli heat-labile enterotoxin

Heart attack, stroke
Dwarfism

Cancers

Hemophilia A

Hereditary angiodema

Hereditary antithrombin deficiency
Hepatitis

Herpesvirus infections

Diagnosis and passive immunization
against rabies

Norwalk virus infections

E.coli infections

Cultured mammalian cells
Cultured mammalian cells

Cultured mammalian cells

Transgenic sheep, pigs
Transgenic rabbits
Transgenic goats
Cultured yeast cells

Transgenic soybeans

Transgenic tobacco, soybeans

Potato (edible vaccine)

Potato (edible vaccine)



