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Why is the GMO Food Debate a Great
Topic for Skeptics?

* |t's a mainstream topic (not fringe)
* |t has important implications for society

* |t iInvolves an overlap of many complex logical,
social, and scientific issues to sort through

* |t is rife with misinformation, vehemently
polarized opinions, and motivated reasoning



What Counts as a GE Organism?

Crop Modification Techniques

Cross Breeding

Combining two sexually
compatble species to create a variety
with the desired traits of the parents
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The Haonayoisp Apgle gets its famous textura and
fawvar by Blerhng the traits of 115 paents

Protoplast Fusion

Fusion of cells or cell components to
transfer traits between species
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Male sherility 15 transfermed from radishes 9 oned

cabbage by fusing their calls, Male sternlity helps
plant breeders make hybnd crops.

Mutagenesis

Use of mutagens such as radioactivity
to induce random mutations, creating
the desired trait
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Radiation was used to produce a deepar color in
e resd grapefrait

Transgenesis

Addition of genes from any species to
create a new variety with desired traits
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The Rainbow Fapaya is modified with @ gena that
gives it resistance w0 the Papaya Ringspot Virus

Polyploidy

Multiplicaion of the number of
chromosomes in a crop to impact its
fertility
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Seedless watermelons are created by crassing a plam
with 2 sets of chromosomes with another that has 4
sats. The seadless fruit has 3 sets

Genome Editing

Use of an enzyme system
to modify DNA directly within the cell

Ganome editing was used o develop herbicida
resistant candla to halp farmears control weads,
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For What Purposes?
Trait Examples:

* Insect Tolerance (i.e. Bt Corn)

* Herbicide Tolerance (i.e. glyphosate-resistant
Soy)

* Virus Resistance (i.e. ringspot-resistant
papaya)

» Extended shelf life (i.e. delayed browning in
arctic apple)

* Drought Resistance (drought-resistant corn and
sweet corn)

 Biofortification (golden rice)






Golden Rice

* An estimated 4 — "2 million children go blind
due to vitamin A deficiency per year

» About 2 of them die within a year of going blind

* The Golden Rice project is an effort to use Vit.
A fortified GE rice to combat Vit. A deficiency

* Rice is a daily staple food in many regions most
affected by this, therefore implementation of GR
should not require major infrastructural changes

* GR licensing agreements are free for
humanitarian purposes



e and Climate Change:
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. Agriculra-I.Bibtechnology provides tools with
which to cope with climate change

* As climate change progresses, GE traits
conferring resistance to heat, drought & salinity
will likely become increasingly important



PEW Reports: Views of Scientists vs
Public Perception:

Wide Differences Between Public and
Scientists on Safety of G Foods
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Public Largely Skeptical of Scientific
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Opinion Differences Between Public
and Scientists by Topic:

Climate, energy, space sciences

Opinion Differences Between Public and Scientists

% of U.S. adulfs and AAAS scienfists saying each of the following Climate change is mostly
due to human activity

Biomedical sciences AAAS sclentists Growing world population
will be & major problem
Safe to eat genatically o

nuclear power plants
Favor use o

animals in research Favor more

offshore drilling
Sale Lo eal foods

grown with pesticides Astronauts essential for

future of U5, space program
Humans have evolved

. Favor increased usea
aver time

of bioengineered fuel
Childhaod vaccines
such as MMR should

he required

Favor increased
wse of fracking

Space station has been
a good investment for U3,

-

Survey of US. adults August 15-25 2014, AAAS scientists survey Sept. 11-0ct. 13 2014
Other responses and those saving don't know or Siving no answerare not shown.
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__ﬁoods Been Portrayed??
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Public Image
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Scientific Consensus

* |nvolves many independent lines of quality
evidence converging on the same and/or
complimentary conclusions.

» Likely exists when scientific knowledge is the
best explanation for a given consensus, which
occurs when the following criteria are satisfied:

Consilience Social Social
of Evidence Calibration Diversity
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Consilience
of Evidence

B

Must be based on varied lines of evidence
Independently converging on the same &/or
complimentary conclusions

Does not necessarily imply absolute 100% unanimity
Scientists needn't necessarily agree on every minute

detalil
Data Convergence may fall within error bars




Consilience
of Evidence

a .

» Data Convergence may fall within error bars

HCA4 2014: Reported Global Temperature w/Error Bars
Prior to 2014, 15 years might have higher global average - COZ2impact over span trivial
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Consilience
of Evidence

B

Must be based on varied lines of evidence
Independently converging on the same &/or
complimentary conclusions

Does not necessarily imply unanimity

Scientists needn't necessarily agree on every minute
detalil

Data Convergence may fall within error bars

But must point to same general conclusions even if
debates still exist on the minutia




Social
Calibration

e

Experts mutually committed to the same high standards
of evidence and formalisms
Evidence doesn't talk. It has to be interpreted by

scientists

This criterion is about what the scientific community
accepts as evidence, how they decide what's
significant, and how individuals convince peers of their

conclusions



Social
Diversity

mn

The evidence and analyses should come from
varied sources by scientists of varied
backgrounds and funding sources to avoid
systematic biases in the literature

This criterion ensures that a consensus is not a
result of group think, politics, financial incentives,
ideological motives, or shared cultural values.



Consilience
of Evidence

B

Thousands of studies underlie the scientific
consensus on GE foods




Scientific Consensus on GE Foods

» All currently approved GE crops have been
tested on a case-by-case basis and the weight
of the evidence suggests they are at least as
safe as their closest non-GE counterparts.

* Nothing about the process makes unpredicted
dangers any more intrinsically likely with
modern molecular GE techniques than other
methods of altering an organism’s genome.



Systematic Reviews

“Results from all the 24 studies do not suggest any health hazards
and, in general, there were no statistically significant differences
within parameters observed. However, some small differences
were observed, though these fell within the normal variation range
of the considered parameter and thus had no biological or
toxicological significance. If required, a 90-day feeding study
performed in rodents, according to the OECD Test Guideline, is
generally considered sufficient in order to evaluate the health
effects of GM feed. The studies reviewed present evidence to
show that GM plants are nutritionally equivalent to their non-GM
counterparts and can be safely used in food and feed.”

Snell, C., Bernheim, A., Bergé, J. B., Kuntz, M., Pascal, G,
Paris, A., & Ricroch, A. E. (2012). Assessment of the health
impact of GM plant diets in long-term and multigenerational
animal feeding trials: a literature review. Food and Chemical

toxicology, 50(3), 1134-1148.



1,/83 Study Systematic Review

“We have reviewed the scientific literature on
GE crop safety for the last 10 years that
catches the scientific consensus matured since
GE plants became widely cultivated worldwide,
and we can conclude that the scientific
research conducted so far has not detected any
significant hazard directly connected with the
use of GM crops.”

* Nicolia, A., Manzo, A., Veronesi, F., & Rosellini, D. (2014).

An overview of the last 10 years of genetically engineered
crop safety research. Critical reviews in biotechnology,
34(1), 77-88.



18 Year 100 Billion Animal Study

“These field data sets, representing over 100
billion animals following the introduction of GE
crops, did not reveal unfavorable or perturbed
trends in livestock health and productivity. No
study has revealed any differences in the
nutritional profile of animal products derived
from GE-fed animals.”

« Van Eenennaam, A. L., & Young, A. E. (2014). Prevalence and

impacts of genetically engineered feedstuffs on livestock
populations. Journal of Animal Science, 92(10), 4255-4278.



Unintended Compositional Changes

» All known breeding methods are capable of
resulting In off-target changes

* A small portion of these may be undesirable
* These occur at lower frequencies with GE

* For regulational reasons, such rare cases are
less likely to make it into the food supply with
GE than with non-GE



d Compositional Changes
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Compositional Equivalence

* “It Is concluded that suspect unintended
compositional effects that could be caused by genetic
modification have not materialized on the basis of this

substantial literature.”

« Herman, R. A., & Price, W. D. (2013). Unintended compositional
changes in genetically modified (GM) crops: 20 years of research.
Journal of agricultural and food chemistry, 61(48), 11695-11701.



S In Fewer Off-Target
> than Mutagenesis

d in an order of magnitude fewer off-
ges to the genome than mutagenesis

.M., Kono, T. J., Stec, A. O., Campbell, B. W.,
. (2016). Genomic variation and DNA repair

h soybean t ansgenesis: a comparison to cultivars and
zed plants. BMC biotechnology, 16(1), 41.




EXpression of other genes is less
affected by GE than by Mutagenesis

e This study found that transcriptome alteration was greater
In mutagenic breeding than with transgenesis

* Despite this, seeds arrived at via mutagenesis undergo no
safety evaluation or substantial equivalence testing
whatsoever prior to commercialization

* A coherent justification for this regulatory double standard
has not been forthcoming

« Batista, R., Saibo, N., Lourencgo, T., & Oliveira, M. M. (2008). Microarray
analyses reveal that plant mutagenesis may induce more

transcriptomic changes than transgene insertion. Proceedings of the
National Academy of Sciences, 105(9), 3640-3645.T



Composition & Gene Expression
Impacted Less by GE than by
Conventional Breeding

« Used multiple "-omics’ comparisons (transcriptomics,
proteomics, metabolomics)

 Transgenesis had /ess impact on plant gene expression &
composition than conventional plant breeding

« Environmental factors had greater impacts than transgenesis

* Ricroch, A. E. (2013). Assessment of GE food safety using ‘-omics’
techniques and long-term animal feeding studies. New Biotechnology,
30(4).



Harmful &/or Undesired Results From

Conventional Breeding

Lenape potato: excessive solanine
Kiwi allergen
Cucurbitacin poisoning from Zucchini

Celery cultivars with high psoralens expression

Jadhav, S. J., Sharma, R. P., & Salunkhe, D. K. (1981). Naturally occurring
toxic alkaloids in foods. CRC Critical reviews in toxicology, 9(1), 21-104.

Kerzl, R., Simonowa, A., Ring, J., Ollert, M., & Mempel, M. (2007). Life-
threatening anaphylaxis to kiwi fruit: protective sublingual allergen
immunotherapy effect persists even after discontinuation. Journal of allergy
and clinical immunology, 119(2), 507-508.

« National Academies of Sciences, Engineering, and Medicine. (2017).

Genetically engineered crops: experiences and prospects. National
Academies Press.



“‘Because GE crops are regulated to a greater
degree than are conventionally bred, non-GE
Crops, it is more likely that traits with potentially
hazardous characteristics will not pass early
developmental phases.”

“For the same reason, it is also more likely that
unintentional, potentially hazardous changes
will be noticed before commercialization either
by the breeding institution or by governmental
regulatory agencies.”

National Research Council. (2004). Safety of genetically engineered foods:
Approaches to assessing unintended health effects. National Academies
Press.



SCIENTIFIC CONSENSUS

Biotechnology  Climate Change

The American Association for the Advancement of Science

"The science is quite clear: crop improvement by "The scientific evidence is clear: global climate
the modern molecular techniques of —————— change caused by human activities is occurring
biotechnology is safe.” now, and it is a growing threat to society.”

The National Academy of Sciences

"To date more than 98 million acres of genetically "The scientific understanding of climate change

modified crops have been grown worldwide.No __ s now sufficiently clear to justify taking steps to
evidence of human health problems associated = .4 ce the amount of greenhouse gases

with the ingestion of these crops or resulting food in the atmosphere.”
products have been identified.”

The American Medical Association

“There is no scientific justification for special labeling "AMA supports the findings of the IPCC's fourth

of genetically modified foods. Bioengineered foods assessment report and concurs with the scientific
have been consumed for close to 20 years, and s ;<055 that the Earth is undergoing adverse
during that time, no overt consequences on global climate change and that anthropogenic
human health have been reported and/or contributions are significant.”

substantiated in the peer-reviewed literature.”



Is GM food safe? e

if an overwhelming majority of experts say something is true,
then any sensible non-expert should assume that they are probably right
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 The WHO

No effects on human health have
been shown as a result of the
consumption of GM foods by the
general population in the countries

where they have been approved

* The American Society for Cell
Biology:

Far from presenting a threat to the
public health, GM crops in many cases
improve it. The ASCB vigorously
supports research and development in
the area of genetically engineered
organisms, including the development
of genetically modified (GM) crop
plants.”



Is GM food safe? e

if an overwhelming majority of experts say something is true,
then any sensible non-expert should assume that they are probably right
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The American Phytopathological
Society (APS), which represents
proximately 5,000 scientists who
work with plant pathogens, the
Iseases they cause, and ways of
controlling them, supports
biotechnology as a means for
Improving plant health, food safety,
and sustainable growth in plant
productivity



s GM

food safe?

if an overwhelming majority of experts say something is true,
then any sensible non-expert should assume that they are probably right

The American Association for the
dvancement of Science is an

The premier body of physicians in the

AMAE
ot World Health
Organization

The World Health Organization (WHO)

is the direciing and coordinaiing
international non-prof]organization nited Sta authority for heal h w Unifed
ARRS serves some 261 affiliated | “There is no scien stification for s
socisties and academies of <peciafiateling or or genencauy “No stecte on Ruman haalth Have
B e e odifie gn shown as a result of the
i consumption o Sods o
‘mg‘,’.r;.’."&"g}’g“;:ﬁcmn25?;3,":;"2:;‘3‘!" Bloengineered foods have been general population in the cotntries
onsumed for close to 20 years, and Where they have been approved
ng that time, no Svart

enges on nunian health h

been reported and/or suhslanhamd i}
the peer-reviewed literature

The National Academy of Sciences is a
non-profit organization in the United
states. It s the pramior scientific body
the United Sta

England’s top madical sociaty, the
Royal Society of Medicine i3 an 2
o date more than 98 millien acres of independent educational organisation

955 1. RovAL et
&35 So0r e UROPEA!

MEDICINE

ICOMM

The European Commissio is the

executive body of the European Union
main conclusion to be drawn

fidapsng AR gl P Ir}‘\e eHnnis of more than 1aou
57 doctors, dontists, 8ciontists an research projects, covering a
genel;‘;;:na\‘\"mmw ed crops have been (00 QLRI TSN A0 tine and heaith  of more thin 35 Sars ol TeseAreh and
ar involving more than 500 |
‘human hea';g,ggeb;;q;f "3’;",3"";";’, “Fpods derived from GM crops have research groups, I5 tha
resulung anou praduc(s have been been pons d hv h ndrtds of

millions of pe The world for ~ GMOs, are no' more risky than s.g.
e thah 16 years. with N6 1y orted conventional plant breeding
il errects (or'iegat cases relafed technolo
human h

¥ACSH

HegTH 18 o Woncprattt gmup nl .rmenuns
dedicated to ensurin

public policies related o et and the
nvironment a sound scientific
Basis

“with the continuing accumulation of

evidence of safety and efficiency, and

the complete abssnce of any ¢ evidence
f harm 1o the public or the
environmen nd more
consumers are B

nj
e St nfiae the Usho?

aith), espue ‘many of the
s G m that most

os'c'b

discovery, advocating sound research
policies and improving education

“Far from presenting a threat to the

hmlechnnlugy a5 (hey are with
medical biotechnology” u

AMERICAN
SOCIETY FOR
= MICROBIOLOGY

Amarican Sociaty of Plant Seionces 1s
to the

afivancement of the plant sciences

ve:
ngly tha inu

respunsub & regummn and overs.gm
GE will bring man i

LRt Sejer public heaith, G grops Inmany

cases |m rove it

supports research “ina
developmen area of genetically
enqmeereu orqamsms‘ includin: me
development of genetically m

sks of uninte

ixing of genes that occurs during (M) <35 plants
o o A

with cont

nificant n

g seeo 15 Line
nvirsnmen{al benefits o the

The ASM represents over 42,000
microbiologists worldwide.

“The ASM is not aware of any
actoptanle evldonce that fo
produced with b olechnolagy
subject to FDA oversi ighl cvc\f'nstllules

orld and its people.

The International Seed Foundation
facilitate the international movement
s o and

echnolog,
igh risk or is unss 3
sufficlently convinged to assure the “The sﬂel{ of Enzl;cxll modified
public tha pla s and plant varie! i i ensure through a

roduct: ed wi clllll)lo The Ci S S ty of Al i
Proha potential of Tmproved o' (C5SA)\ls & prominont Internationa gulatary, 5 and quali

nutrition, better h.-u and longer ¢ society dedicated to the systems.

shelf-lif Use of natural

CAST

he Science Source for Food, a
Agricultural, and Environmental s includi

T is a nonprofit orgal

composed of sclantific s ¢leties and

many individual, student, company,
it, and'asso m:mly

Transgenic crops on the market tod

s sare to eat as
conventional counterparts, and :rnp gene
more so given the greater ragulamrx B
Teriiny 1o Which they are esposed

. - resul
Federation of

Animal Science
Societies

ST

Representing the American Dair.
Science Association, the American
Society of Animal Seience, and the

Poultry Seience Association membars.

“Meat, milk and eggs from livestock
poultry consumin
lu [for human

biotech féeds are g

The Society of Toxicology i
professional and schalarly nrg:nlz:!lnn of
Jentists from academic
gavernment, and industry representing
the great variety of sojentlsts who

slo;

“Scientific analysis indicates that the

od!
consumaEs BPFears 0 be equlvalcnl to
that of traditional foods:

The Union of German Academies of
Seciences and Humanities is an
umbrella organisation for eight

German academie s and

nities.
“In consuming noa derived from GM
{plants approved in the £ SnG I the
sk is in no way higher than

lants appears to be superior in
% Efpectta heaith ™

2'fa produ
rapan :m improving the

"The Crop Scisnce Sncl ty of America
upports education and research in
| |snacll|s of crop

fotechnology:

2

ﬂ verslnns of that plant

al product, prior fo their use
by the public”

h
Sclences and the T
of S

feed, and fiber

udiclous appllnatlon

The International Society of African
Scientists (ISAS) 1= 3 non-profit

aolies prmarty n Afroa and the

“Africa and the Caribbean :snnut
ifford to be left lurlh er bel di
acqulrlnn the uses and benefits DI Ih\s
o agricultaral vevotation. >

2y,
ikely © SIVE has one the largest groups of

nd blotechnalogits in

e world among its member:

“All o f and animal praducts that
from biatectnoiogy o

ed to be

Consensus statement on GMO's
representing 14 italian scientific
ocist

“GMOs on the market today, having
successiully passed all the. tesis and
cedures necessar
authorization, ar cﬂllsmeled, on
the basis of Current knowledge, to'be
safe for use In human and animal

the Royal Society of
National Academy of

jarld Academy

The french academy of science i

ul u,m“gy. the resolutely Gommitted 10 tho advancemant
j that a of science advised government

authorities in those matters and issues

“All criticisms against GMOs be
largely rejected on strictly scientific
eria.

The International Council for Scianco
ICSU) is an internationa|
al organization devoted to
(arnational Gosperation in the
advancement of science. Its members are
national scientific bodies and international
scientific unions.

“Gurrently available genetically

|
e = ot Tooc el denved
from ave

adfiaaromon

them'have been desmed appropriate”

The scientific consensus around the safety of genetically modified
oods_is as strong as the scientific consensus around climate

change. These foods are subJ[
and everything

ected to more testing than any other,
ells us that they're safe.

Www axismundionlin

Lesiont?]

* French Academy of Science

‘This analysis shows that all the
criticisms against GMOs can be
largely dismissed on strictly

scientific criteria

* The Union of the German
Academies of Science and
Humanities

In summary, the evidence suggests
it to be most unlikely that the
consumption of the well-
characterised transgenic DNA from
approved GMO food harbours any

recognisable health risk.
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*» The Council for Agricultural
Science and Technology

‘Over the last decade, 8.5 million
farmers have grown transgenic
varieties of crops on more than 1
billion acres of farmland in 17
countries. These crops have been
consumed by humans and animals
iIn most countries. Transgenic crops
on the market today are as safe to
eat as their conventional
counterparts, and likely more so
given the greater regulatory scrutiny
to which they are exposed



Is GM food safe? e

if an overwhelming majority of experts say something is true,
then any sensible non-expert should assume that they are probably right

authority for health wi
“There is no sci

ot % World Health
Organization
The Amarican Association for the The World Health Organization (WHO)
dvancement of Science is an The premier h°dv of P“YS‘C”"‘S in the is the directing and coorumahilg
lmzma(mnal non-profit organization nited Sta
AAAS serves some 261 afl Inaked
ademies

societies and ac

stification for

cien s
special labeling of or ue"ellwly “No stecte on Ruman haalth Have
“The science is quite clcar Gcrop odifie been shown as a result of the
improvement by the modern molez lar consumption of GM foods by the
R niquee of biotechnology 1 safe Bloengineered foods have been general population in the countries
consumed for close 10 20 yoars. and A Ay
ng that time, no Svart

enes on human health h
been reported and/or suhslanhamd i}
the peer-reviewed literature

ot o
Py 1 Roval
&b s UROPEA
&% MEDICINE ICOMM
it Ay » The Eurapoan Commission (EC) s the
States. It \s the premier smemmc body Eng\and s top medical society, the B RERS EQTapean Union
the Dinited sta Royal Society of Medicme (3 an “The main conclusion to be drawmn
“ mdcpend nt eduulmna\ organisation the efforts of more than
ge“e.,‘cg(rw "‘7’;"‘1::;'9 ‘“h",:;';ge:' Tor doctors, dentists, seientists and research p ojscts, cavering & poriod
own worldwide vide| others involved in me: ine and health of more than 25 years of research, and
InVolving more than 500 indep
‘human hea';g,g.;-’b;ms "3’;",3"’;";’, “Fpods derived from GM crops have research groups, is that
b &mg  products have boon been consumed by hundreds of biotechnology, and ih particular
millions of pe. the world for GMOs, are no more risky than e.g.
more than 15 years wm‘\ no re cﬂed conventional plant breeding
i Grfocts tar'[Sgal cacoe a2

chnolo

uman heaith), espuemanynfln
nsum:

©0 ers comin, m that most
\ ! CSH e St nfiae the Usho?

HegTH 18 o Woncprattt gmup nl .rmenuns
dedicated to ensurin

public policies related o et and the
nvironment 3 sound scientific
pat

ascb

e American Society for Cell Biology i

an international community of biglogists
“with the continuin umulation of il

g acc
evidence of safety and efficienc

Gedicated to advancing scien
y.'and discovery) advacating sound fesearcn
the complete abssnce of any ¢ evidence olicies and improving education
merican Society of Plant Seiences is Ubiic héa ¢rops in man
it b orpm Seiensels PRI e R
POt haaTa g ta e Cranrtlh svancement of the plant sciences. Sorts research “ina
el E}‘M,chmmg 7 akeia it devel mea l’ area Fena ally
enqmeereu orqamsms‘ includin me
pSons LenEesor this type S oRmant &F Geneticaliy m
ranster are comparabie fo
mixing of genes that occurs during (M) <35 plants
AMERICAN classical brécding. The ASH Ves
i ior strongly that, with contin
respunsub & regummn and overs.gm
=. MICROBIOLOGY GE will bring many signiticant hoditr sseo 15 Line
nvirohmental benefits to the
orld and its people
The ASM represents over 42,000
icroblologists worldwids:
“The

SH.is nat aware of any
actoptanle evldonce that fo
roduced with bi ocecnnolagy
subject to FDA oversi ighl cunstllules
igh risk or is unsafe. We
sufficlent] comvin ced

The International Seed Foundation
facilitate the international movement
s o and
echnalag,

Sure the

“The sﬂel{ Enzl;cxll modified
publi la ai plant varietles fc ensured through 3
roduct: d wi clllll)lo The C S S ty of Al i
Proha potential of Tmproved o' (C5SA)\ls & prominont Internationa gulatary, 5 and Gua it
nutrition, better h.-u and longer ¢ society dedicated to the systems.
shelf-lif Use of natural

2'fa produ feed, and fiber
rapan :m improving the

CAST

he Science Source for Food,
Agricultural, and Environmental s

"The Crop Scisnce Sncl ty of America
upports education and research in
R aspects of trop pro
Including the ludisious appllnatlon
f biotechnology.

T is a nonprofit orgal
Selentific soc eties and
many individual, student, company,
it, and'asso m:mly

The International Society of African
Scientists (ISAS) = 3 non-profl

aolies prmarty n Afroa and the

“Africa and the Caribbean :snnut
ifford to be left lurlh r bel di
acquiring the uses and m:h S DI Ih\s
ew agricutural vevaration.

Transgenic crops on the market luﬂzy

are as safe to eat as their © SIVB has one the largest groups of
conventlonal counterparts. and likely :rnp Geneticis s and biotechnatogists in
Tmare so given the greater ragulamrx R T e e
ety Lo b e R e

“All o p and animal praducts that
. resul from biatectnoiogy o
Federation of

ed to be safe a»
AL el R
/}mflnll Science 5y the pabIcT
Societies

Representing the American Dair.
Science Association, the American
Society of Animal Seience, and the

Poultry Seience Association membars.

sensus statement on GMO's
representing 14 italian scientific
ocist

“GMOs on the market today, having
successiully passed all the tesis and
“Meat, milk and eggs from livestock
and poultry consumin the basis of current knnwl!dge to
biotech féeds are sare for human safe for use in human and a
umpti

the Royal Society of
National Academy of

The Society of Toxicology i
professional and schalarly nrg:nlz:!lnn of
Jentists from academic
aaterament, and ndUSIEUENNEERIN Sciences end :ﬁ rd World ‘Academy
the ‘Great variety of scjentists Who The french academy of science
slog " ed u,m“gy. the resolutely Gommitted 10 tho advancemant
d use’ j that a of science advised government
Scientific analysis ""1'"‘5! iRt the authorities in those matters and issues

“All criticisms against GMOs be
mil largely rejectad on strictly seientific
L criteria, "
consumers nPFears o be equlvalcnl to

that of traditional foods:

The Union of German Academies of
Seciences and Humanities is an
umbrella organisation for eight

The International Council for Scianco
ICSU)
German academie s and

s an internationa|
al organization devoted to

adfiaaromon
nities.

- nnai(mn(al cesperation in the
“in Caeia Mﬂ do TR G sduancement oFsciente. its mombers are
itk lPP"DVgEd 0d, derived from GM national scientific bodies and international
sk no way higher than
i the consumption of food from “Currently available genetically
conventionally grown plants, On the moditied crops - and foods denved
contrary,'in some cases food from GM from ave

lants appears to be superior in
% Efpectta heaith ™

them'have been desmed appropriate”

The scientific consensus around the safety of genetically modified
foods_is as strong as the scientific consensus around climate
change. These foods are sub{ected to more testing than any other,

and everything tells us that they're safe.

Www axismundionlin

* The American Society of Plant
lologists had this to say:

‘The risks of unintended
consequences of this type of gene
transfer are comparable to the
random mixing of genes that occurs
during classical breeding. 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



Social
Diversity

mn

GE food crop research comes from scientists of
varied backgrounds & funding sources



Sclentific Literature Not Dominated by
Industry-Funded Studies

(Contrary to common Anti-GMO talking points)

« Sanchez, M. A. (2015). Conflict of interests and evidence base for GM crops
food/feed safety research. Nature biotechnology, 33(2), 135-137.

Table 1 Classification of GM food/feed safety research reports according to their
main objective of research, and the percentage of each category reporting COls.

Percentage that
Percentage did not declare Percentage
Research area Number of reports without COls  funding source with COls

Allergenicity potential 46 71.7% 8.7% 19.6%
Animal health 204 67.2% 16.7% 16.2%
Animal nutrition 111 27.9% 18.9% 53.2%
Equivalence 106 43.4% 13.2% 43 4%
Mycotoxins 18 11.1% 22.2% 66. 7%
Processing 18 77.8% 11.1% 11.1%

Traceability andfor digestion 91 69.2% 19.8% 11.0%
(DNA or proteins)

Unintended effects 77.9% 13.5% 8.7%
Total 58.3% 15.9% 25.8%




Qutlier Papers Often Cited by GMO
Opponents Typically Problematic

» [he small fraction of papers claiming harm from GE foods
have typically been of lower quality, published in lower end
journals, & involved more frequent conflicts of interest
(60%) than is found in the general GE food literature
(25.8%) (Sanchez et al 2017).

« Sanchez, M. A., & Parrott, W. A. (2017). Characterization of scientific studies
usually cited as evidence of adverse effects of GM food/feed. Plant
Biotechnology Journal.

“In general terms, all papers analysed here violate at least
one of the basic standards for assessment of GM
food/feed safety (Bartholomaeus et al., 2013; European Food Safety
Authority (EFSA), 2011; ILSI 2008, 2004; Kuiper et al., 2001;"
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Common Tactics of the Anti-GMO
Movement

« Smear Campaigns (FOIA abuse)

» Logical Fallacies (especially the Shill Gambit)
* Fake Experts

* Cherry Picking

» |[mpossible Expectations & Double Standards

» Sowing Doubt via Speculation & Exaggerating
Uncertainties (“scientists were wrong about X!")

* Conspiracy Theories
* Vandalism



o Scientists Have
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GMO-Gate vs Climate-Gate

ANATOMY OF
KEVIN FOLTA

The University of Florida's Monsanto Shill

THE BRAIN

This is where
Monsanto's lies THE EYES
are stored This is where the
soul darkens
and evil grows
THE EARS %=
This is where

audible information is
filtered to remove
scientific facts
and favor GMO lies

THE MOUTH

This is where
Monsanto propaganda
is spewed out

GV S

For more GMO news & articles visit
www.GMO.News

Court filings question whether “Professor Mann’s
likeness” is protected from parody and satire




The Shill Gambit Fallacy

Common tactic of anti-vaxxers & GMO opponents

Involves accusing anyone who disagrees with
them of being paid to do so by a big company (i.e.
usually “Big Pharma” or “Monsanto)

Is a special case of ad hominem & poisoning the
well logical fallacies

Used to deflect from &/or dismiss arguments &
evidence against their position



Shill Gambit
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Common Anti-GMO Arguments

THANKS I‘IN/SA‘NTIJ!




Do GE Crops Increase Pesticide Use?

* [he use of GE crops has corresponded to a
reduction In total pesticide usage, and a
decrease Iin greenhouse gas emissions
attributable to crop farming.

* Brookes, G., & Barfoot, P. (2017). Environmental impacts of
genetically modified (GM) crop use 1996-2015: impacts on
pesticide use and carbon emissions. GM crops & food, 8(2),
117-147.

o Klumper, W., & Qaim, M. (2014). A meta-analysis of the
impacts of genetically modified crops. PloS one, 9(11),
e111629.



GE Crops and CO2

Mitigating carbon emissions

GMOs and CO2

Biotech crops reduce CO2 emissions
by 28 000 million kg a year.

=
ﬁ

That is equivalent to..

"

providing 2.5 million
US homes with all
their energy

removing 12.4 million
cars from the road

closing down Sources: Brookes & Barfoot 2015, Environmental

7.4 coal-fired impacts of genetically modified (gm) crop use 1996-
2013: impacts on pesticide use and carbon emissions

power plants EPA Greenhouse Gas Equivalencies Calculator

)
4"‘( Infographic by Thoughtscapism



, and Pesticides

ase mostly due to reduced
it about herbicides?



GE Crops and Herbicides:

» [otal herbicide usage has increased in BOTH
GMO and non-GMO crops.

* However, it has increased more with non-GMO
crops than with GMO crops. The rate of
Increase has been greater in non-GMO crops.

* Kniss, A. R. (2017). Long-term trends in the intensity and
relative toxicity of herbicide use. Nature communications, 8.



GE Crops and Herbicides:

» Although the rise of glyphosate resistant crops
coincided with an increase in glyphosate usage,
It also corresponded in the reduction of several
other herbicides, nearly all of which were far
more toxic than glyphosate.
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Non-GE Herbicide Resistant Crops

What is the Difference?

r F
i e

[ [
Round-Up Ready Canola  Clearfield Canola
Trait: Herbicide Tolerance  Trait: Herbicide Tolerance
Developed by Monsanto Developed by Pioneer
Modified using transgenesis Modified using mutagenesis

Considered a GMO Not considered a GMO

@BiochicaGMO FB.com/BiochicaGMO
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Terminator Seeds

* \Would have made seeds impossible to save
and reuse the next season (which licensing
agreements would have prohibited anyway)

* Were never brought to market (due largely to
complaints by activists)

* Would have prevented accidental cross-
contamination



Evolution of Herbicide Resistant
Weeds

* Not unique to GE

* More prevalent with herbicides associated with
non-GE herbicide resistant crops than with GE

e All forms of weed control have potential for the
evolution of resistance: even hand tilling



Some GMOs (such as Bt Crops)
Produce Their Own Pesticides

» All cultivated crops do this to some extent

* 99.99% of the pesticides to which humans are
exposed through diet are produced
endogenously in the plant as part of its evolved
defense mechanisms (Ames et al 1990)

* They're no less likely to be toxic or carcinogenic
due to being “natural.”

* Neither natural nor synthetic pesticides occur in
our food at concentrations high enough to pose
significant risk (so don't skip your veggies)



Bt Crops

* Bacillus thuringiensis produce proteins toxic to
nematodes & several orders of insects

* Bt is used in organic & conventional farming

* |ts mode of action requires conditions not
present in cells of off-target species

* Bt GMO crops have this trait engineered
directly into their genome

* Their implementation has corresponded to a
reduction in exogenous insecticide use



GE Crops & Biodiversity

* This Is a general farming issue: not a GE issue

* Measures include genetic diversity, species
richness, & various quantitative means
combining species richness & relative
abundances

* |nserting transgenes into diverse germplasm is
trivial, so biotech traits are a non-issue insofar
as genetic diversity

* \WWhen replacement varieties are accounted for,
species richness of crop seeds has only
decreased by 2% since 1903



Concluding Summary

 GE Is an important tool in our arsenal

» Approved GE crops are as safe as non-GE, &
the process poses no discernible unique risks

* \Widespread public mistrust persists despite a
robust international scientific consensus

* Anti-GE arguments are invariably either
fallacious, inaccurate &/or not unique to GE

* GE has helped decrease insecticide use,
encouraged use of milder herbicides, & can
potentially help combat many other challenges
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