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ABSTRACT

In a wide revision of the literature conducted B0Q, | noted that the information in
scientific journals on the safety of geneticallydified (GM) foods in general, and GM
plants in particular, was scarce. Of course, it was sufficient to guarantee that the
consumption of these products should not mean fmk#he health of the consumers.
Because of the scientific interest in GM organig@®bsI0s), as well as the great concern
that the consumption of GM foods/plants has raisech number of countries, |
conducted two subsequent revisions (2007 and 20dlthe adverse/toxic effects of
GM plants. In the present review, | have updatesl itiformation on the potential
adverse health effects of GM plants consumed ad &wl/or feed. With only a few
exceptions, the reported studies in the last seesyshow rather similar conclusions;
that is to say, the assessed GM soybeans, ric@ntaize and wheat would be as safe as
the parental species of these plants. Howeverpite ®f the notable increase in the
available information, studies on the long-termltieaffects of GM plants, including
tests of mutagenicity, teratogenicity and carcimigjey seem to be still clearly

necessary.
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1. Introduction

Genetically modified (GM) foods, a kind of genetigamodified organisms
(GMOs), are foods derived from organisms whose tyemeaterial (DNA) has been
modified in an unnatural way (e.g. through theddtrction of a gene from a different
organism). Nowadays, available GM foods stem mdstisn plants, which have been
genetically modified to improve yield, through theroduction of resistance to plant
diseases, or of increased tolerance of herbicitesecent years, important social and
political debates on the potential negative envimental impact of transgenic plants, as
well as their health risks for the consumers hasenbgenerated, debates in which the
scientific community has been also involved. Durihg last two decades, at least two
important controversies on GM plants, popularly \knoas the affair Pusztai and the
affair Séralini, have occupied an important plagethie pages of scientific journals.
The first one began in 1998, reaching the zenith989. In brief, that “affair” was the
result of the stir caused by the Arpad Pusztaismature release of information to the
mass media —previously being published in scienfifurnals- on the adverse effects in
rats feeded with GM potatoes (Ewen and Puszta@)1 9% result of that intense debate
generated by that study and the doubts generatesbimg “scientific” responses that
even were not supported by any experimental evalen2000, | decided to review the
available information on the health risks of GM dsapublished in scientific journals
between January 1980 and May 2000 (Domingo 2000nibgo and Gomez, 2000).
One of the most relevant -also surprising- resoftthe review was the absence in the
databases of articles reporting studies carriedbgutchnology companies, or studies
on risk assessment conducted under the auspicfougtional authorities. The lack of
toxicological studies on GM plants was certainlydewnt. It was concluded that if data
on toxicological assessment of GM foods in genenatl GM plants in particular were
obtained, the results had not been published irensfic journals, avoiding
consequently the possibility of being subjectedhe judgement of the international
scientific community (Domingo, 2000; Domingo andr®¥, 2000). PubMed was the
database used for that review, being geneticalldifienl foods, toxicity of transgenic
foods, adverse effects of transgenic foods, anttthaaks of transgenic foods the “key
terms” of the search. The number of citations gpoading to each of these 4 terms

was 101, 44, 67 and 3 respectively, figures cleary



Six years after the above indicated revision,epared a new review-article on
the health risks of GM plants (Domingo, 2007). Thatw revision covered the period
between January 1980 and October 2006. The “kaystemere extended to the
following 12 (in parenthesis, number of citatiormurid): genetically modified foods
(686), GM foods (3498), transgenic foods (4127¥idity of transgenic foods (136),
health risks of transgenic foods (23), adversectsfof genetically modified foods
(170), toxicity of genetically modified foods (38)ealth risks of GM foods (38), health
risks of genetically modified foods (72), toxicitf GM foods (120), adverse effects of
GM foods (276), and adverse effects of transgeoanl$ (199). It was noted that the
number of references corresponding to the “key $érased in the previous revision
(Domingo and Gomez, 2000) increased very consitierdihus, genetically modified
foods passed of 101 to 686 citations, toxicityrahsgenic foods increased from 44 to
136, adverse effects of transgenic foods went fGto 199, while health risks of
transgenic foods increased from 3 to 23, beingcttations related with general terms
(e.g., genetically modified foods), quantitativelyjportant. In contrast, references
concerning specific risk assessment were much rhioriéged (Domingo, 2007). In
summary, that review on the potential toxic efféwalth risks of GM plants showed
that experimental data were still very scarce. Mogtstigations corresponded to short-
term studies, mainly nutritional studies, with vdiyited toxicological information,
while long-term toxicological studies that shouldagantee the safety of the transgenic
plants for animal and human consumption, were itdytaery scant.

In 2010, | again assessed the state-of-the-adrdeyy the potential adverse
effects/safety assessment of GM plants for humarswaoption (Domingo and Giné
Bordonaba, 2011). The number of references in thed udatabases (PubMed and
Scopus) dramatically increased since my previousiagn (Domingo, 2007). The new
revision covered the period between January 198aigust 2010. For the first time, a
certain equilibrium between the number of resegrclups suggesting that a number of
varieties of GM products (mainly maize and soybavere as safe and nutritious as
the respective conventional non-GM plants, and rdsearchers raising still serious
concerns on the consumption of GM plants was dede¢Domingo and Giné-
Bordonaba, 2011). Interestingly, among the citaidound, it was noted that the
biotechnology companies that are responsible ofnceruializing these GM plants were

already conducting most of these studies. Thus,révasion showed a notable advance



in comparison with the lack of studies published sicientific journals by those
companies in previous years.

Because of the great interest and controversythieatopic still generates in both
the public opinion and the scientific communityave updated the existing information
directly related with adverse health effects of @ldnts consumed as food and/or feed.
As in my previous revisions, | have not here ineldidhe studies regarding allergenicity
of GM plants. However, it is evident that a systeinfiood allergy vigilance is basic, as
there are GM crops that are specifically relatefbtal sensitivity (wheat or peanuts, for
example), which are of special concern in termpudilic health. PubMed and Scopus
have been used as databases and the period ofvreoieered between January 2011
and May 2016. Next, the available information areyisoybeans, corn/maize and wheat

is presented.

2. GM plants

2.1. Rice

Zhou and co-workers (2011, 2014) have investigate8prague-Dawley (SD)
rats the adverse effects of the transgenic riee(llMiRS) with high amylose and resistant
starch (RS) contents. In a first study (Zhou et 2011), a 90-day toxicology feeding
experiment was conducted in animals fed with dietstaining 70% of either TRS rice
flour, its near-isogenic rice flour, or a contreéd Body weight, body weight gain and
food consumption were measured. In addition, varipathological responses such as
hematological parameters and serum chemistryeamnidterm and the end of the study,
as well as urinalysis profile and serum sex horm@sponse at the end of the study
were determined. Moreover, clinical signs, relatmgan weights and microscopic
observations were compared between the group dgnarsgenic rice and its near-
isogenic rice group. The combined data indicated tihgh-amylose TRS grain was as
safe as the conventional non-transgenic rice is. fAlhe results also showed that the
consumption of diets from transgenic TRS rice did cause adverse effects in rats,
suggesting that high-amylose TRS grain was asasathe conventional non-transgenic
rice in rats. In a subsequent investigation (Zhowle 2014), clinical performance,
reproductive capacity and pathological responsedudimg body weight, food

consumption, reproductive data, hematological patars, serum chemistry, organ
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relative weights, and histopathology were examiimed three generation reproduction
study in rats consuming high-amylose transgenie (diet containing 70% transgenic
TRS rice). It was concluded that consuming a tranggrice diet had no adverse health
effects in rats. Although some significant diffeces were found in the results between
the rice based diet vs the standard diet groumrdo to the authors, these differences
could be due to the differences in composition anttition source of the feed. The
same research group also performed a three-gemesitidy in SD rats fed high-lysine
transgenic rice (LR) (diet containing 70% of thignisgenic rice). Clinical performance
variables and pathological responses were invdstigd he results indicated that there
were significant differences in some hematologarad serum chemistry parameters, as
well as in relative organ weights in rats consuming transgenic rice diet -or non-
transgenic rice diet- compared with the controlt.didowever, no macroscopic or
histological adverse effects were observed. Astfe TRS rice, the authors also
concluded that LR rice was as safe as near-isogemetransgenic rice (Zhou et al.,
2012).

The effects of consuming transgemacillis thuringiensis(Bt) rice were also
investigated in Wistar rats by another Chineseamebegroup. In a first investigation,
Wang EH et al. (2013) examined the effects of 99-fdeeding of transgeniBt rice
TT51 on the reproductive system of male rats. Erpemtal groups were treated with
diets formulated with either 60% TT51 (transgelt rice) or MingHui63 (none-
transgenic counterpart). Another group of rats wedewith rice-based AIN93G diet as
negative control. Body weights, food intake, hertay, serum chemistry, serum
hormone levels, sperm parameters and relative dygdyp weights were measured,
while gross as well as microscopic pathology wdse axamined. The results showed
that TT51 did not cause adverse effects on theodegtive system of male rats when
compared with animals given MingHui63 or the cohtats. In a subsequent study,
these authors (Wang EH et al., 2014) assesseddieatial reproductive effects of
TT51 in two generations of male and female Wistds.rRice-based diets containing
60% ordinary grocery rice, MingHui63 rice, or TThte by weight, were fed to two
generations of male and female rats in order terdehe the potential reproductive
effects of TT51. Clinical performance variables apdtential histopathological
abnormalities in a number of tissues, includingres& uterus, testes and epididymis

were examined. No histological changes were obddrvany of the examined tissues.



The results showed that TT51 did not cause sigmfi@lterations on reproduction of
rats.

The results of other recent subchronic/long-terodiss on the adverse/toxic
effects of rice in rats have shown a similar cosidn; that is to say, based on the
parameters examined, the kinds of transgenic gsessed would be as safe as the non-
transgenic rice. This statement was supported &ydbults of Tang et al. (2012), who
conducted a 90-day dietary toxicity study of gesadly modified rice T1C-1,
expressing CrylC protein, in SD rats. Also, by thas Wang et al. (2013), who
evaluated the potential effect of transgenic rixgressing CrylAb, on the hematology
and enzyme activity in organs of female Swiss retsurn, Zhang et al. (2014) and
Song et al. (2015), obtained also similar conclusion a long-term toxicity study on
transgenic rice, witlicrylAcandsckgenes, and in a 90-day subchronic feeding study of
GM rice expressing CrylAb protein, respectivelythboonducted in SD rats. Yuan et
al. (2013) determined in SD rats feed with GM T2Ate, parameters such as
microflora composition, intestinal permeability, itbelial structure, fecal enzymes,
bacterial activity, and intestinal immunity. Althglu significant differences were noted
between rice-fed groups and control groups in sparameters, no differences were
detected between GM and non-GM groups. No adveifeete were found on the
gastrointestinal health of rats following intake@¥ T2A-1 rice. Recently, Zou and co-
workers (2016) assessed in SD rats the safetynefrdy developed insect-resistant GM
rice expressing thery2A* gene. For it, a subchronic oral toxicity study wasried out.
Animals received GM rice and non-GM into the dieteaels of 30, 50 and 70 % (w/w),
No treatment-related adverse or toxic effects weted on daily clinical signs, body
weight, food consumption, hematology, serum biodktgn and organ weight, as well
as on gross and histopathological examination. § hesults also indicated that GM rice

with cry2A* gene would be as safe for food as conventionalGigrrice.

On the other hand, the GM rice expressing humamsatbumin (HSA) is used
for non-food purposes. Recent studies have beetucted to assess its safety. Sheng et
al. (2014) performed a subchronic toxicity study $bD rats (including also an
allergenicity study in vitro) for GM rice 4-114-/m@ressing pharmaceutical protein
(human serum albumin). Rats received for 90 dagts diontaining 12.5%, 25.0% and
50.0% GM or non-GM rice (non-transgenic isogenintoa “Taipei 309”). The
observed changes were considered incidental bedbgariations, not being treatment



related. In another study, SD rats were fed dieistatning 50% (w/w) GM rice
expressing HSA or non-GM rice for 90 days. Urinetabelites were analyzed to
examine potential changes occurred in the dynamucgss of metabolism, while fecal
bacterial profiles were analyzed to reflect integitinealth. Short chain fatty acids and
fecal enzymes were also investigated. Although saigeificant differences were
observed in rats receiving GM rice, the change®wet significantly different from the

control diet group (Qi et al., 2015).

In recent years, most studies on the effects efiibts containing GM rice have
been conducted in rats. However, investigationsgusither species have been also
performed. Li et al. (2015) evaluated in Arbor Acfemale broiler chicken the effects
of feedingBt rice expressing th€rylAb/1Acprotein. In these animals, health status,
relative organ weights, biochemical serum parammet@d occurrence d@@rylAb/1Ac
gene fragments were determined. No adverse eftédtee GM rice were observed on
chicken growth, biochemical serum parameters awedopsy during the 42-day feeding
period, while no transgenic gene fragments wereatled in the samples of the analyzed
tissues. On the other hand, some investigatione Hsen conducted in aquatic
ecosystems. Recently, Li et al. (2014) assessedmnfieonmental effects of two Bt rice
lines expressing either therylAb/1Ac or cry2A genes, respectively, by using
zooplanktons as indicator species under normal fighnagement practices. Pesticides
were used when required. The results showed ttatype Bt and nonBt) significantly
influenced zooplankton abundance and diversitynd&5% and 80% lower in ndBk
rice fields tharBt rice fields. Moreover, water from ndt-rice fields was significantly
less suitable for the survival and reproductionDafphnia magnaand Paramecium
caudatumin comparison with water fromt rice fields. It was concluded thBt rice is
even safer to aquatic ecosystems than non-BtTioe microalgaChlorella pyrenoidosa
was also used to assess the effects of leachatesctex from CrylCa-expressing
transgenic rice (T1C-19) straw (Wang J et al., 201Mo adverse effects on the growth
of C. Pyrenoidosavere observed.

Moreover, Wang JM et al. (2014) assessed the sftddransgenicrylAb/1Ac
rice (Huahui 1, HH1) on paddy frogs by comparingIH&hd MH63 (rice line Minghui
63) rice paddies, with and without pesticide treaitn CrylAb/1Ac protein levels were
determined in tissues of tadpoles and frogletsect#d from the paddy fields. In turn,

rana nigromaculatdroglets were raised in purse nets placed withesé experimental



plots. The results showed that cultivation of tgersc crylAb/1Ac rice did not
adversely affect paddy frogs. In a subsequent stGtign et al. (2015) examined the
potential risk posed by transgeruy1Carice (T1C-19) on the development of a frog
species by adding purified CrylCa protein or T1C+i& straw into the rearing water
of Xenopus laevitadpoles, and by feeding laevisfroglets diets containing rice grains
of T1C-19 or its non-transformed counterpart MHE®. significant differences among
groups were found in terms of time to complete metghosis, survival rate, body
weight, body length, organ weight and liver enzyawéavity, after being exposed to the
CrylCa. No significant differences were also de@cin the mortality rate, body
weight, daily weight gain, and liver and fat bodgight of the froglets between the
T1C-19 and MHG63 dietary groups after 90 days, whitepathological changes were
observed in the analyzed tissues. These resultgeshthat planting transgenarylCa
rice should not adversely affect frog developmeititu and co-workers (2015), who
assessed iXenopus laevishe safety for 90 days of GM rice expressing Cry/s
protein, also concluding that frog development wasadversely affected by the intake

of GM rice, a similar conclusion that that reportgdChen et al. (2015).

2.2.Soybeans

Qi et al. (2012) conducted a subchronic feedingystin SD rats, in which 7 groups
of animals were fed with balanced diets containimgo, 15% and 30% (w/w) GM
soybean 3@5423 x 40-3-2 (T1, T2, T3), or traditlosaybean (N1, N2, N3) and a
control diet, respectively. During the exposureiqgeb(90 days), body weight and food
consumption were weekly determined. In addition natritional and growth
performance variables, analysis of standard clintb@mistry, hematology and organ
variables was also carried out. Some significaffeidinces were observed in rats fed
the 305423 x 40-3-2 diet in comparison with aninfald the non-GM control diet.
Notwithstanding, the authors did not consider thaiferences to be treatment-related,
being within the normal ranges of the control group was concluded that the GM
soybean 305423 x 40-3-2 was as safe as non-GM aongb€hukwudebe et al. (2012)
performed in Wistar rats a subchronic study (91sylaymed at comparing the health
and nutritional profile of the CV127 soybeans étdls of 11% and 33%), as well as the
safety of these soybeans in comparison to thasafdar isogenic conventional variety,

and also with two other conventional soybean viasetNo treatment related adverse
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effects were observed on growth, food consumptizorbidity, hematology and clinical
chemistry, compared to rats fed conventional saybearieties. Only a few minor
and/or significant differences were found in hertagic and organ weight parameters,
between the test and control groups. Similar resultre also reported by He and co-
workers (2016), who in recent studies conductecis and poultry fed CV127, did not
found significant differences in growth and perfamoe response variables. Recently,
Wang et al. (2016) reported the results of a 90s1dychronic toxicological study of the
dicamba-tolerant soybean, MON87708, conducted detg assessment. The potential
toxicity of MON87708 was compared to that of theamisogenic non-GM soybean line
A3525. Diets were prepared at levels of 7.5%, 15% a0% (w/w) with the main
nutrients of the various diets balanced and thdndes groups of SD rats. There were
some isolated parameters indicating significanfedéihces in body weight, feed
consumption, hematology and serum biochemistry, asldtive organ weights.
However, the differences were not related with-tkst dose, being attributed to
incidental and biological variability. It was conded that the transgenic soybean
MONB87708 was as safe as the non-transgenic isogeniaterpart (Wang et al., 2016).
Taking into account that GM soybeans (GMSB) careegbly affect sperm quality and
guantity, EI-Kholy et al. (2015) evaluated the poit& protective effect of extra virgin
olive oil (EVOO) against GMSB-induced disruptionthre reproductive system of male
SD rats. Four groups of animals fed combined diétis GMSB (15%) and/or EVOO
(30%) for 65 days. Serum zinc, vitamin E, anddstgrone levels were analyzed in
blood, while histopathological and weight changesex organs were evaluated. The
results showed that EVOO ameliorated the adversetefof GMSB on reproductive
organs in adult male rats.

While most studies to test the effects of GM soyiselaave been conducted in
rats, other animal species have been also used, Vemancio and co-workers (2012)
assessed the antimutagenic and mutagenic propeftieemmercial soybeans in ale
Swiss mice, which were fed diets containing 1%, 1886 20% (w/w) transgenic
soybeans (BRS Valiosa RR), or parental isogeniveational soybeans. It was found
that transgenic soybeans were non-mutagenic, haadswy protective effects against
DNA damage similar to those of conventional soylse@4%-101% for conventional
and 23%-33% for transgenic diets). On the othedhblerman et al. (2011) performed
a 6-week broiler study with diets containing todsi2AS-68416-4 soybean meal in

order to evaluate the equivalence with conventiaoahparators, as well as to seek for
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potential adverse effects. No significant differemcbetween the groups fed diets
containing conventional or transgenic soybeans wkserved.

Recent studies have examined other issues, sutle asological interactions of
Roundup Ready 2 YieldR- soybean (MON 89788), withfmunding effects of the
genetic modification that could result in increaspdst potential or adverse
environmental impact of that transgenic soybearrgket al., 2015). In turn, Fast et al.
(2015) determined the nutrient and antinutrient pgosition of event DA-81419-2

soybean, which was equivalent to non-transgenibesay.

2.3.Corn/maize

To assess the safety of maize BT-38, a GM maizeessmgCrylAc-M Liu et al.
(2012) conducted a 90-day subchronic feeding siad@D rats, which received BT-38
in the diet, at concentrations of 12.5%, 25% an® 5Body weight, feed consumption
and toxicological response variables were measunddle gross and microscopic
pathology were carried out. Neither deaths, noreests differences in the response
variables of rats consuming diets containing GMzed&T-38 and non-GM maize were
observed, concluding that BT-38 maize was as sat®aventional non-GM maize. The
safety of another GM hybrid corn, DP-@@4114-3, weaaluated in SD rats by Delaney
et al. (2013), in accordance with OECD guidelinds13-week feeding study was
performed in 12 groups of rats. Maize grain wagiporated in all diets at 32% (w/w).
No significant treatment-related differences in peeight, food consumption, clinical
pathology parameters (hematology, blood chemistmnpalysis, or organ weight) were
observed between rats consuming the diets congp#ii4 maize grain and animals fed
conventional maize diets. However, renal tubuleptesims were detected in two male
rats consuming diets containing the 4114 maizengilaelaney et al., 2013). Based on
this result, an additional pathology study was cmted to characterize the proliferative
renal tubule changes and to determine if they shbel regarded spontaneous, or test
diet related. An expert panel of pathologists warsvened as Pathology Working Group
(PWG). By unanimous opinion, the PWG concluded thatproliferative renal tubule
cell lesions were spontaneous and not related tswoption of diets containing 4114
maize grain (Hardisty et al., 2013). Zhu and cokeos (2013), assessed in SD rats the
food safety of GM maize with the G2-aroA gene (anegehat confers glyphosate

herbicide tolerance to crops) in a 90-day feedinglys The safety was compared with
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the non-GM isogenic line. Maize grain from GM anohrGM isogenic control lines
was administered into the diets at 12.5%, 25% &8d. 9 he parameters evaluated were
body weights, food consumption, serum biochemigtgmatology, as well as absolute
and relative organ weights. Gross and microscopitiqglogy were also carried out.
None of the differences found were considered arad, being not related to the
presence of G2-aroA maize grain. Therefore, it e@scluded that the GM glyphosate-
tolerant maize was as safe as conventional maitteer@0-day oral toxicity studies on
the adverse effects of two different varieties o¥ Gnaize MON810 have been
conducted in Wistar Han RCC rats. It was demoresir#ttat the MON810 maize, at a
level of up to 33% in the diet, did not induce adeeeffects in rats, after subchronic
exposure, independently of the two different gendiackgrounds of the event
(Zeljenkova et al., 2014). However, the presentatmd interpretation of these last
results were subjected to various serious critisigBauer-Pankus and Then, 2014),
requesting retraction because of a possible “méatipn” of the results. The criticisms
were responded by the senior author of the grotgan$erg, 2015). After an invitation
to an open scientific discussion made by the EdlitaChief (Hengstler, 2015) of the
journal where Zeljenkova et al (2014) publishedrthesults, the article was not finally
retracted. Independently on that controversy, ndger®0-day feeding studies of
transgenic BT799 and GH5112E-11C maize were corduict Wistar and SD rats,
respectively (Guo et al., 2015; Han et al., 20Ng).significant differences between the
GM and non-GM maize in the reproductive system afenrats were found between
BT799 and Zhen58 maize, or control (Guo et al.,.320Ih turn, there was also a lack of
differences in the clinical signs, body weightspdoconsumption, hematology, clinical
chemistry, organ weights and histopathology betwedgs consuming the GM maize
and those given non-GM maize (Han et al., 2016).

The scientific controversy —as well as that in thass media- on the safety of
GM maize has been and is still important. For edampbdo et al. (2014) reported
various alterations in organ weights, hematology serum biochemical analyses in rats
fed Bt corn (MONB810; Ajeeb YG) after 1.5 monthst lith changes increasing after 3
months. Severe changes in the liver of Bt groupra& months were found to be
particularly relevant. In relation to these resulta/ould like to highlight the very low
number of animals used in that study, only 6 males$ females per group. However,
the study on GM maize -and also on all GM planticv has generated more

controversy in the current decade was, by far, pddished by Séralini et al. (2012).
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During 2 years, these authors investigated in S§ the effects of a Roundup-tolerant
GM maize. The authors reported that female rateldped large mammary tumors
almost always more often than -and before- contioésng the pituitary the second
most altered organ. In turn, the sex hormonal le@amas also modified. In males, liver
congestions and necrosis were 2.5-5.5 times hidjeéng severe kidney nephropathies
also generally 1.3-2.3 greater than those fourairol animals. Males presented up to
four times more large palpable tumors starting 6fys earlier than in the
control group, in which only one tumor was notédwas concluded that the results
could be due to the non linear endocrine-disrupéfigcts of Roundup, but also by the
overexpression of the transgene in the GM maizatandetabolic consequences. These
results were originally published in Food and Chehiroxicology (FCT) (Séralini et
al., 2012), but the paper was retracted in Nover2baB by the Editor-in-Chief of the
journal, who based his decision on inconclusive @aid unreliable conclusions (Hayes,
2014a,b). During the elapsed time between the gaiihn and the retraction of that
article, even sometime after the retraction, thergific controversy was notable. A
considerable number of Letters to the Editor of F@iRinly against the results of the
study, was published. Séralini et al. (2013) alsblished a reply to the Letters to the
Editor that questioned the validity of the reswtsl significance of their conclusions.
The controversy ended with a final response of B¢kt al. (2014a) and with the paper
being republished in the journal Environmental SceeEurope (Séralini et al. 2014b).

In addition to the above studies in rats, throwghitbhe period here reviewed,
investigations on the safety of GM maize have balson conducted in other animal
species. Thus, Stagg et al. (2012) performed ande28-day repeated dose toxicology
studies in mice with aryloxyalkanoate dioxygenaSam-1) protein expressed in 2,4-D
tolerant DAS-40278-9 maize. Neither acute lethaklityr adverse effects were observed
in the 28-day repeated-dose dietary toxicity stullgorporating the AAD-1 protein into
diets at concentrations up to 1000-fold greaten thiee highest estimate of human
exposure to maize. Also in mice, Song et al. (20l4yestigated the
immunotoxicological potential of GM corn with Bt IrAh gene. Mice in the GM corn
group and the parental corn group were fed witisde®ntaining 70% corresponding
corn for 30 days. Immunotoxicological effects o t6M corn were assessed through a
long series of immunopathology parameters Accortintpe authors, the results did not
show adverse immunotoxicological effects of the Gdin when feeding mice for 30

days. Recently, Chen et al. (2016) reported theltsesf a long-term toxicity study in a
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miniature pig model on the potential adverse eff@tcorn genetically modified with
thecrylAcgene. Animals were assigned one of the diets tongp65% non-transgenic
isogenic corn, oBt corn, at three stages of growth and the potemtigicological
effects of transgenic corn on pigs were assesseel.r@sults did not indicate adverse
effects on the growth, immune response and headlicators at any stages of growth of
the miniature pigs. On the other hand, Holderbatial.e2015) examined the chronic
responses oDaphnia magnaunder dietary exposure to leaves of a transgenient
MONB810) Bt-maize hybrid and its conventional near-isoline.e Thaphnia magna
bioassay showed a resource allocation to productioasting eggs and early fecundity
in Daphnia magnded GM maize, with adverse effects for body sizd gecundity later

in life.

2.4Wheat

In contrast to GM rice and GM maize, during theigubreviewed, the published
information on the safety of GM wheat has beenagast very scarce. In fact, only two
papers (Liang et al., 2012, 2013) are availablthéscientific literature. These studies
assessed in BALB/c mice the immunotoxicologicakeet§ of GM drought-resistant
wheat (Liang et al.,, 2012) T349 witmDREB1gene and the wheat genetically
modified with TaDREB4 (Liang et al., 2013). Both studies reached the esam
conclusions: the GM drought-resistant wheat T34@ thie GM wheat withfTaDREB4
gene were equivalent to the parental wheat in fifects on immune organs and

immunologic functions of mice, not showing immunatity.

3. Recent reviewsin the scientific literatureon GM plants

Since the publication of our previous review (Dogtrand Giné Bordonaba, 2011)
and until now, a number of authors have publistestiews on the safety assessment of
GM plants. The most relevant conclusions of thesgews are next summarized. Snell
et al. (2012) revised data on the effects of dietstaining GM maize, potato, soybean,
rice, and triticale on animal health. The authot@neined 12 long-term studies (of more
than 90 days, up to 2 years in duration) and 12Ziganerational studies (from 2 to 5
generations). In general terms, no significantedédhces -in the parameters observed-

were found in the 24 studies examined. Accordinghis, it was concluded that he
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studies reviewed showed that GM plants were notrdily equivalent to their non-
GM counterparts, and therefore, they could be gafeéd in food and feed. Based on
the results of a review on the use of whole foodhahstudies in the safety assessment
of GM crops, Bartholomaeus et al. (2013) conclutteat whole food animal toxicity
studies were unnecessary and scientifically urfjabte. According to the authors, this
strong, and rather unexpected conclusion, was basd¢ide comparative robustness and
reliability of compositional and agronomic consiakons, as well as on the absence of
any scientific basis for a significant potentiat file novo generation of toxicologically
significant compositional alterations, as a sokuleof transgene insertion. In contrast
to this, as conclusions of their review on the tsafasks and public concerns of GM
foods, Bawa and Anilakumar (2013) remarked the refeidtroducing novel methods
and concepts to probe into the compositional, notdl, toxicological and metabolic
differences between GM and conventional crops. Bigy remarked the lack of trust in
institutions and institutional activities regardi@Os, as well as the public perception
that institutions have failed to consider the coti@ncerns of the public as part of their
risk management activities. In the same line thatv® and Anilakumar (2013), in
another review on the benefits and risks associatéith GM food products,
Kramkowska et al. (2013) indicated that exampleggiiag for the justified character of
genetic modifications, and cases proving that these can be dangerous, were
innumerable. Consequently, these authors concluthed complex studies were
indispensable which, in a reliable way, evaluatedces linked to the consumption of
food produced with the application of genetic eegiing techniques. Zdziarski et al.
(2014) conducted a critical review on GM crops #ralrat digestive tract. Interestingly,
among the 21 studies detected in their search,etd general health assessments of the
GM crop on rat health, with most of these studiagiig been performed after the crop
had been approved for human and/or animal consaomgtalf of these were published
at least nine years after approval. Most studietewesd by Zdziarski et al. (2014)
detected a lack of a unified approach and transggrie their methodology and results,
making impossible to properly review or repeat ¢hetudies. It was concluded, and |
quite agree, that each GM product should be asbesgk appropriate studies that
indicate the level of safety associated with th@ie necessity of establish detailed
guidelines that allow the generation of comparallé reproducible studies was another

interesting conclusion. Finally, Tufarelli et aR0l5) reviewed recently the safety,
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performance and product quality of GM feeds in pgubiet, concluding that GM
feeds were substantially equivalent, resultingads as existing conventional feeds.

4. Conclusions

Firstly, | would highlight the considerable increas the available information on
the potential adverse/toxic effects of GM foodgiemeral, and GM plants in particular,
between our first search (Domingo, 2000; Domingd @bdmez, 2000) and the current
one. In my third revision on this topic (Domingoda®iné Bordonaba, 2011), we
commented that a certain equilibrium had been exheh the number of published
studies that were conducted by biotechnology comegaand those performed by
independent research groups, without —in princigtes relationship with the companies
responsible of commercializing the GM crops. Acaaogdto the results of the current
search, the edible plants whose safety has be@ssasBreported during the last 5-6
years, have been basically soybeans, corn/macaand wheat, being the information
about wheat limited only to a couple of immunotatagical studies. As it already
happened in our previous review (Domingo and GimédBnaba, 2011), since 2006
(Domingo, 2007), there are not new reports in theendific literature about GM
potatoes, tomatoes, cucumber, peas, etc. In thsesd is interesting to note that the
first great controversy on GM plants was due toghblication of the results of Ewen
and Pusztai (1999), who examined in rats the effetdiets containing GM potatoes.
These authors found variable effects on differemtspof the gastrointestinal tract of the
animals.

With only a few exceptions, the reported studiesmduthe last six years show
rather similar conclusions; that is to say, theeasesd GM soybeans, rice, corn/maize
and wheat would be as safe as the parental spafcieese plants. Therefore, based on
the conclusions of the authors of these recensiiyagions, the use of the assessed GM
plants for feed or human food should be as safaaf their parental species. All the
studies here reviewed were published in internatiopeer-reviewed journals.
Therefore, 1 do not question at all the results aadclusions of these investigations.
However, in the same line that the authors of warigecent reviews above commented,
| feel that long-term studies are still clearly esgary in order to guarantee that the
consumption of GM plants does not mean any heakhfor the consumers. It must be

noted that most recent investigations, for whichadwerse/toxic effects were observed,
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were subchronic (90 days) studies. Notwithstandiwgen long-term studies were
conducted (i.e., Séralini et al., 2014b), the tsswkre tremendously controversial.
As | also indicated in my previous articles on thubject (Domingo 2000, 2007,

2011; Domingo and Giné Bordonaba, 2011), | disagi¢ie the use of the “substantial

equivalence” concept as a guarantee of the safeGM plants. Why GM plants and

non-GM plants, with the same nutritional capacglypuld have a similar absence of
health risks? This principle is not being used day other commercial products that
humans can consume. Why then should we accept @b plants? Finally and due to

the specific policy on GMOs in Europe, | do missdeerm studies on the safety of GM
plants, which that should be conducted under trepiaious of the European Union.
These investigations should include long-term leealfects of GM plants such as

mutagenicity, teratogenicity and carcinogenicityozg others.
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HIGHLIGHTS

« Theincreased latest information on the potential adverse/toxic effects
of GM foods and GM plantsis critically reviewed

+ Theassessed GM soybeans, rice, maize and wheat showed to be as
safe as the parental species of these plants

« Lack of new reports for other GM plants where controversies were
previously found

« Long-term studies on the safety and the health effects of GM plants
are still necessary



