Animal Science Papers and Reports vol. 38 (2020) no. 3, 213-224
Institute of Genetics and Animal Biotechnology
of the Polish Academy of Sciences, Jastrzebiec, Poland

The influence of GMO feed on ecosystem stability
of the gastrointestinal tract in different species — a review

Agnieszka Korwin-Kossakowska*, Barbara Gralak,
Grazyna Faliszewska, Ewa Karpiniak

Department of Genomics and Biodiversity, Institute of Genetics and Animal Biotechnology,
Polish Academy of Sciences, Jastrzebiec, Postepu 36A, 05-552 Magdalenka, Poland

(Accepted May 13, 2020)

Research on the human gut microbiota has been rapidly developing in recent years. Microbiota
composition is now well recognized as linked to non-communicable chronic diseases and other
health problems. However, science has not reached the point of understanding how specific changes
in microbiota composition affect health and what represents a “healthy” microbiota. Transgenic
plants are plants that have been genetically modified (GM) using recombinant DNA technology.
These plants are mainly used as feedstuff. An important issue is connected with the persistence of
recombinant DNA and ‘novel’ protein in the digestive tract and tissues of food-producing animals.
The fate of DNA in the gastrointestinal tract of the animals has not been extensively investigated,
probably due to the generally held dogma that food DNA could not resist low stomach pH and
degradation by pancreatic nucleases and brush-border nucleosidases. The majority of DNA is
really degraded within the animal’s digestive system; however, this process is incomplete and some
remaining small fragments of DNA can appear throughout the gastrointestinal tract. Fragments of
DNA were detected in the contents of the small intestine, the cecum, the large intestine, or the feces
of mice, also in muscle, liver, spleen, and kidney tissue in chickens. However, there were too small to
transfer genetic information.

There is a relatively limited chance that transgenes will be transferred from GM plants to other
Eukaryotes. However, with regard to microorganisms, it is theoretically possible. It is well established
that bacteria possess sophisticated mechanisms for the acquisition and rearrangement of genetic
material and thus the quantitative and qualitative composition of microbiota in different segments
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of the digestive tract is changing. Another issue is the horizontal gene transfer with a particular
focus on antibiotic resistance genes. Safety of incorporating antibiotic-resistance markers into GM
plants has been a matter of public debate. In the past antibiotics were used in genetic modification
as markers for the selection of successfully transformed organisms; however, these genes are not
currently used.

KEYWORDS: antibiotic resistance / gastrointestinal tract / GMO /
Horizontal Gene Transfer / microbiota

An opinion persists that foods derived from genetically modified (GM) crops could
adversely alter gut microbiota. Three scenarios may be considered as related to the
potential effects of GM food on the gut microbiota: the effect of the transgene product
(for example, Bt toxin), unintended alteration of secondary metabolite profiles of GM
plants, as well as residue of herbicides and adjuvants e (e.g., glyphosate) and their
metabolites in herbicide-resistant crops [Genetically Engineering Crops: Experience
and Prospects 2016].

Research on the human gut microbiota (the community of microorganisms that
live in the digestive tract) has been developing dynamically. Based on their studies
Dethlefsen and Relman [2011] and David et al. [2014] suggested that microbiota
may undergo rapid changes under the influence of dietary components or antibiotic
treatment. Microbiota composition and status are now well recognized to be linked to
chronic non-communicable diseases, such as diabetes mellitus, chronic kidney disease
as well as other health problems, so factors that cause either beneficial or adverse
changes in the microbiota are of interest to researchers and clinicians. However,
science has not reached the point of understanding how specific changes in microbiota
composition affect health and what represents a “healthy” microbiota [Genetically
Engineered Crops: Experiences and Prospects 2016]. The effect of different dietary
patterns (e.g. high-fat versus high-carbohydrate diets) on the gut microbiota has been
linked to metabolic syndromes [Ley, 2010].

Genetic modifications

Genetic engineering is the alteration of genetic material by direct intervention
in genetic processes with the purpose of producing new substances or improving the
functions of existing organisms. Transgenic plants are plants that have been genetically
modified (GM) using recombinant DNA technology. This may be to express a gene
that is not native to the plant or to modify endogenous genes. The protein encoded by
this gene will confer a particular trait or characteristic to that plant. The technology
may be applied in a number of ways, e.g. to engineer resistance to abiotic stresses,
such as drought, extreme temperature or salinity, and biotic stresses, such as insects
and pathogens, that would normally prove detrimental to plant growth or survival.
The technology may also be used to improve the nutritional value of the plant, an
application that could be of particular use in developing countries [Key et al. 2008].
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GMO in animal nutrition

During the last few years, interest in food safety and the safety of animal production
has been growing worldwide, including the EU. Animal feed is a major product of
conventional agriculture along with crops developed using GM technology. The use of
components and products from genetically modified plants in animal nutrition raises
many questions and concerns, such as the role of a nutritional assessment of such
modified feeds or feed additives (amino acids, vitamins) as part of safety assessment,
the potential influence of genetically modified products on animal health and product
quality. Other important issues are connected with the persistence of recombinant
DNA and ‘novel’ protein in the digestive tract and tissues of food-producing animals
[Flachowsky et al. 2005].

Fate of DNA in animal gastrointestinal tract

In humans the dietary intake of DNA ranges between 0.1-1 g per day and includes
more or less degraded fragments of various genes of plant and animal origin, as well as
bacterial DNA [Flachovsky et al. 2005]. The fate of DNA in the gastrointestinal tract of
animals has not been extensively investigated, probably due to a generally held dogma
that food DNA could not resist low stomach pH and degradation by pancreatic DNase
[Nielsen and Daffonchio 2007]. In fact, the majority of DNA is really degraded within
the animal digestive system; however, the process is incomplete and some remaining
fragments of DNA can appear throughout the gastrointestinal tract. Also Schubert and
co-workers [Schuber et al. 1997] showed that food-ingested DNA is not completely
degraded in the gastrointestinal tract of mice. Fragments of alimentary DNA were
detected in the contents of the small intestine, the cecum, the large intestine or the
feces. In some of the investigated animals, DNA fragments of up to 472 bp were found
in the blood. In other studies small DNA fragments (<200 bp) have been identified in
lymphocytes of cows as well as internal organs of poultry, such as muscle, liver, spleen
and kidney [Einspanier et al. 2001]. Nevertheless, DNA fragments smaller than 200
base pairs are generally considered to be too small to transmit genetic information.
This situation occurs both in conventional and GM plants [Beever and Kemp 2000,
Duggan et al. 2000 and 2003, Einspanier et al. 2001, Klotz et al. 2002, Netherwood et
al. 2002, Aeschbacher et al. 2005, Mazza et al. 2005, Alexander et al. 2007].

In animal production, animals fed on GM crops ingest some amount of intact
transgenic DNA. Netherwood and co-workers [2004] published the first study
on the fate of transgenic soybean DNA in human volunteers. The volunteers were
patients after ileostomy. The study showed that a small proportion of the ESPS
(5-enolpyruvylshikimate-3-phosphate synthase) transgene of GM soya, similarly as
native soya DNA, survives passage through the human upper gastrointestinal tract,
but is completely degraded in the large intestine. The transgene, however, did not
survive passage through the intact gastrointestinal tract of healthy human subjects
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fed GM soya. Rizzi et al. [2012] noted that recombinant plant DNA fragments were
detected in the gastrointestinal tract of nonruminant animals, but not detected in blood
or other tissues, although some nonrecombinant plant DNA could still be found. The
authors concluded that some natural plant DNA fragments persist in the lumen of the
gastrointestinal tract and in the bloodstream of animals and humans.

Another aspect is connected with the incorporation of DNA (dietary or transgenic)
into the recipient’s genome.

Horizontal gene transfer

A major problem connected with the discussion on the “fate” of transgenic DNA in
the digestive tract is related to the so-called horizontal (or lateral) gene transfer (HGT
- Horizontal Gene Transfer). It is based on the stable transfer of genetic information
from one organism to another, where the transferred genes are subject to fixation in the
genome and are expressed [Eede et al. 2004]. Since GM crops were commercialised,
concern has been voiced by some scientists and some members of the public that
foreign DNA introduced into plants through genetic engineering technologies might,
after ingestion, be transferred to the human gut microbiota and directly or indirectly
into human somatic cells. Most of the concerns regarding horizontal gene transfer
have been focused on antibiotic-resistance genes used as markers of the transgenesis
[Genetically Engineered Crops: Experiences and Prospects 2016].

The horizontal gene transfer is theoretically possible even under natural conditions,
but its probability depends on many factors, including the biological ability of a given
sequence (necessary in the linear form of DNA), the existence of cells of the recipient
organism in a state of competence (standby for adoption of “foreign” DNA) and the
occurrence of such a homology of sequence, which facilitates integration of DNA
into the recipient organism [Generic Issues Report 2006]. Finally, important is, if the
incorporated gene is expressed, and the synthesis of a functional gene product occurs.
This problem becomes particularly interesting in the context of genetically modified
plants and the potential transfer of the transgene to a foreign organism.

Several studies on this subject have been conducted on different animal species,
including chickens. They showed that the use of GMO products is as safe as the use
of other foods. Several authors [e.g. Einspanier et al. 2001, Jennings et al. 2003,
Kan and Hartnell 2004, Aeschbacher et al. 2005, McNaughton et al. 2007, Taylor et
al. 2007, Swiqtkiewicz et al. 2011, Sieradzki et al. 2013] demonstrated the lack of a
modified DNA in products derived from chickens fed with GMO feed. The transgenic
DNA or its fragments from genetically modified plants have not been identified in
any animal products. Similarly, the recombinant protein has never been identified in
animal tissues [Einspanier 2013].

One of the studies on this subject was conducted in China and described in an
article from 2013 [Ma et al. 2013]. The aim of that study was to assess the effects of
long-term feeding with transgenic maize (phytase transgenic corn - PTC) on laying
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performance and egg quality of hens, as well as investigate the fate of transgenic DNA
and protein in digesta, blood, tissues, and eggs. Those authors indicated that the transgenic
DNA and protein were rapidly degraded in the digestive tract and were detected neither in
blood, tissues nor eggs. The performance of hens fed with diets containing transgenic
maize was similar to that of hens fed with nontransgenic isogenic control maize [Ma
et al. 2013]. Similar results, i.e. absence of the evaluated gene constructs in tissues
and eggs of Japanese quails were shown in a study by Korwin-Kossakowska et al.
[2016]. However, none of the above-mentioned authors performed in-depth studies
on the processes occurring in the gastrointestinal tract and focused only on the final
effects of feeding poultry with GMOs.

Horizontal gene transfer to bacterial genetic material

Various authors concluded that there is a relatively small chance that transgenes
will be transferred from GM plants to other Eukaryotes [Thomson ez al. 2001, Jennings
et al. 2003, Mazza et al. 2005, Acosta et al. 2008, Swiqtkiewicz et al. 2011, Rizzi
et al. 2012, Kees 2008]. However, with regard to microorganisms it is theoretically
possible. It is well established that bacteria possess sophisticated mechanisms for the
acquisition and rearrangement of genetic material. The possibility of horizontal gene
transfer from transgenic plants to microbiota is a widely recognised risk factor [Mazza
et al. 2005, EFSA 2006]. Although Netherwood et al. [2004] found some evidence
of preexisting gene transfer between the GM soya and the human small intestinal
microflora, bacteria containing the transgene represented a very small percentage of
the microbial population, with no indication that the complete transgene had been
transferred to the prokaryotes.

Also the report "The Decade of EU-Funded GMO Research (2001-2010) [EC,
2010a] described a study that shows that rumen ciliates (a group of protozoans)
exposed to Bt176 maize for 2 or 3 years did not incorporate the Bt176 transgene”.
There are no reproducible examples of horizontal gene transfer of recombinant plant
DNA into the human gastrointestinal microbiota or into human somatic cells. Three
independent reviews of the literature on the topic [Van den Eede et al. 2004, Keese
2008, Brigulla and Wackernagel 2010] concluded that new gene acquisition by the
gut bacteria through horizontal gene transfer would be rare and does not pose a
health risk [Genetically Engineered Crops: Experiences and Prospects 2016]. Even
if short DNA fragments were incorporated into the genome of bacteria, the fragments
carry no valuable genetic information (as mentioned above), but they can change
existing genetic information. Even a small genetic modification of bacterial DNA
may significantly affect the characteristics of a particular bacterial strain needed to
colonise the gastrointestinal tract and compete with other microorganisms for a place
in a particular ecosystem.
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Effect of GM on microbiota

The microbiota of gastrointestinal tract (GIT) is composed of huge numbers of
different bacterial species, e.g. in birds it is about 650, wherein half of them have not
yet been characterised [ Apajalahti et al. 2004]. Microflora in the GIT has developed
a number of protective, immune and metabolic functions, which altogether have an
enormous impact on the nutrition and health status of the host [Mahabir and Pathak
2014].

Bacteria colonising the digestive tract create a unique ecosystem, in which
the development of a single bacterial strain may increase or decrease chances of
colonisation by other strains [Metges 2004]. Microbes have particularly quickly
adapted to environmental changes. In every microbial population there are individuals
called mutators that consistently produce a great degree of variability among their
descendants. This variability is usually of no use, but it assumes adaptive value when
there is a sudden and severe change in environmental conditions. Bacterial strains
tend to adapt by genetic transfer between bacteria more often than by the mutation
[Leveque and Mounolou 2003].

The quantitative and qualitative composition of microbiota in different segments
of the digestive tract is changing according to the hygienic environmental conditions,
the composition of the feed served and its daily consumption [Sawosz et al. 2007,
Vali 2009].

Several publications have presented experimental studies, in which the influence
of GM feed on the composition and activity of gastrointestinal tract (GIT) microbiota
was investigated in different species. Tan et al. [2012] demonstrated the lack of
an effect of 42-day feeding with GM soya on the intestinal microbiota of broilers.
However, investigations by Czerwinski e al. [2017] indicated an effect of feeding with
GM soybean meal and MONS&10 maize on the number of Lactobacillales in the end
parts of the gastrointestinal tract of broilers compared to birds fed their conventional
equivalents. The diversity of the order Lactobacillales in the ileum and caecum of
birds fed GM maize was reduced, while that of Lactobacillales in the ileum and
Bifidobacteriales in the caecum of birds fed GM soybean was greater compared with
conventional maize and soya. Schroder et al. [2007] in their 90-day study showed that
feeding of Bt rice (expressing the protein Cry1Ab) to Wistar rats had no effect on the
total number of anaerobic and coliform bacteria, and Lactobacillus in feces, while the
number of coliforms was higher in the jejunum and the number of Bifidobacteria was
lower in the duodenum of animals fed with genetically modified Bt rice compared
to conventional feed/rice. In turn, Yanfang et al. [2012] constructed an improved
safety assessment animal model using rats and basic subchronic toxicity experiments,
measuring a range of parameters including microflora composition, intestinal
permeability, epithelial structure, fecal enzymes, bacterial activity and intestinal
immunity. Significant differences were found between groups fed GM rice and control
groups in terms of several parameters, whereas no differences were observed between
genetically modified and non-genetically modified groups regarding the composition
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and abundance of the microflora. Buzoianu et al. [2012, 2013] studied the effect of Bt
maize feeding on microbiota composition in pigs. In their study, 110-day feeding of
Bt maize (variety MONS810) and of isogenic non-GM maize diets led to no differences
in cultured Enterobacteriaceae, Lactobacillus and total anaerobes from the gut; 16S
rRNA sequencing showed no differences in bacterial taxa, except for the genus
Holdemania, with which no health effects are associated [Buzoianu ef al. 2012]. In
the follow-up study, in which the intestinal contents of sows and their offspring were
examined with 16S rRNA gene sequencing, the only observed difference for major
bacterial phyla was that Proteobacteria were less abundant in sows fed Bt maize before
farrowing and in offspring at weaning compared with the controls [Buzoainu et al.,
2013]. Fecal Firmicutes were more abundant in offspring fed GM maize. Based on the
overall results from these studies the authors concluded that none of the changes seen
in the animals was expected to have biologically relevant health effects in the animals
[Genetically Engineered Crops: Experiences and Prospects 2016].

Antibiotic resistance genes

Another issue is related to the horizontal gene transfer with a particular focus
on antibiotic resistance genes. Safety of incorporating antibiotic-resistance markers
into GM plants has been a matter of public debate. Concerns have been expressed
that the release of these markers in GM plants may result in an increase in the rate
of antibiotic resistance in human pathogens. Genetic modification of plants involves
adding a specific stretch of DNA (bacterial also) into the plant’s genome, giving it new
or different characters. Fears have been expressed in relation to the possibility that
antibiotic-resistance genes might be passed from GM plants to bacteria, thus creating
bacteria that are resistant to antibiotics such as those used to treat common skin, ear, and
eye infections [Guy and Gillespie 2005]. The presence of bacterial DNA in GM plants
is unique to GM technology. Antibiotics were used in the past in genetic modification
as markers for the selection of successfully transformed organisms in the initial steps
of the generation of the genetically modified host organism and may increase the
gene transfer risk. In the past, the most frequently used selectable marker in plant
cell modification was the nptll gene, which encodes a neomycin phosphotransferase,
an enzyme that inactivates the aminoglycoside antibiotics neomycin, kanamycin and
paromomycin [Gay and Gillespie 2005]. Transfer of such a gene, if successful, may
impair antibiotic therapy. As part of safety assessment of GM plants, a number of
expert committees have examined whether the nptll gene in the Calgene FlavrSavr
GM tomato or the ampicillin resistance marker in the Novartis Bt176 maize could be
transferred from GM plants back to bacteria, thus becoming an additional source of
antibiotic-resistant pathogens. Gebhard and Smalla [1998] reported data on marker-
nptll gene rescue by Acinetobacter in experiments using DNA from GM sugar beet.
De Vries et al. [2001] reported similar data for transgenic potatoes using Acinetobacter
and Pseudomonas stutzer. Therefore, the nptll gene is no longer used. As Professor
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Gillespie [Guy and Gillespie 2005] commented on the subject: “antibiotic-resistance
markers do not pose a substantial risk to human health because the contribution
that recombinant bacteria might make - should the enormous barriers to transfer be
overcome - is so small that any contribution to antibiotic resistance made by GM
plants must be overwhelmed by the contribution made by antibiotic prescription in
clinical practice.”

New era

Selectable marker genes are vital to the research and development of genetically
modified crops. Numerous approaches to eliminate antibiotic and herbicide markers
have been developed over the last several years and further improvements are now
underway. Recently, researchers have described procedures to eliminate residual
recognition sequences at recombination sites. Novel marker elimination strategies
based on gene targeting and homologous recombination have been reported. Precision
genome-editing technologies now facilitate insertion of single or multiple genes into
one targeted location in the genome and thereby eliminate variation that is due to
position effects. Such precision is expected to reduce unintended effects of gene
insertion. With these developments concerns over an uncontrolled spread of antibiotic
and herbicide resistance genes in the environment might become irrelevant in the
future [[SAAA 2020].

Conclusions

Despite many previous studies, the use of genetically modified organisms is still
highly controversial and raises consumers’ concerns. The ongoing debate on the safety
of products containing GMOs indicates that more research is needed, including the
potential impact of GMO feed on processes occurring in animal organisms, especially
the ecosystem of the gastrointestinal tract. According to skeptics, this situation is
reflected in the quality of animal origin food products and consumer welfare. These
concerns have given rise to a proposal of legislative changes concerning GMO feeds
in Poland, which (in the case of their implementation) would become the strictest in
Europe.

However, changes in the GIT ecosystem caused by the consumption of GMO
feeds are much less significant than those caused by quantitative and qualitative
changes in animal diets.

REFERENCES

1. ACOSTA O., CHAPARRO A.D., 2008 — Genetically Modified Food Crops And Public Health. Acta
Biologica Colombiana 13, 3-26.

2. AESCHBACHER K., MESSIKOMMER R., MEILE L., WENK C., 2005 — Bt176 corn in poultry
nutrition: physiological characteristics and fate of recombinant plant DNA in chickens. Poultry

220



GMO feed on ecosystem stability of the gastrointestinal tract in different species

10.

11.

12.

13.

14.

Science 84, 385-394.

ALEXANDER T.W., REUTER T., AULRICH K., SHARMA D., OKINE E.K., DIXON W.T,
MCALLISTER T.A., 2007 — A review of the detection and fate of novel plant molecules derived
from biotechnology in livestock production. Animal Feed Science and Technology 133, 31-62.
APAJALAHTI J., KETTUNEN A., GRAHAM H., 2004 — Characteristics of the gastrointestinal
microbial communities, with special reference to the chicken. World’s Poultry Science Journal 60,
223-232.

BEEVER D.E., KEMP C.F., 2000 — Safety issues associated with the DNA in animal feed derived
from genetically modified crops. A review of scientific and regulatory procedures. Nutrition
Abstracts and Reviews Series A, Human and Experimental 70, 175-182.

BRIGULLA M.,WACKERNAGEL W., 2010 — Molecular aspects of gene transfer and foreign DNA
acquisition in prokaryotes with regard to safety issues. Applied Microbiology and Biotechnology
86,1027-1041.

BUZOIANU, S.G., M.C. WALSH, M.C. REA, O. O’SULLIVAN, F. CRISPIE, P.D. COTTER, P.R.
ROSS, G.E. GARDINER, LAWLOR P.G.. 2012 — The effect of feeding Bt MON810 maize to pigs
for 110 days on intestinal microbiota. PLoS One 7:€33668.

BUZOIANU, S.G., M.C. WALSH, M.C. REA, L. QUIGLEY, O. O’SULLIVAN, P.D. COTTER, R.P.
ROSS,G.E. GARDINER, AND P.G. LAWLOR. 2013 — Sequence-based analysis of the intestinal
microbiota of sows and their offspring fed genetically modified maize expressing a truncated form
of Bacillus thuringiensis Cryl Ab protein (Bt Maize). Applied and Environmental Microbiology 79,
7735-7744.

CZERWINSKI J., SLIZEWSKA K., KORWIN-KOSSAKOWSKA A., BACHANEK I AND
SMULIKOWSKAS., 2017 — Effects of genetically modified maize and soybean meal on the diversity
and activity of gut microbiota in broiler chicken. Animal Science Papers and Reports 35, 279-299.
DAVID L.A., MAURICE C.F., CARMODY R.N., GOOTENBERG D.B., BUTTON J.E., WOLFE
B.E., LING A.V., DEVLIN A.S., VARMA Y., FISCHBACH M.A., BIDDINGER S.B., DUTTON
R.J., TURNBAUGH P.J., 2014 — Diet rapidly and reproducibly alters the human gut microbiome.
Nature 505, 559-563.

DE VRIES J., MEIER P., WACKERNAGEL W., 2001 — The natural transformation of the soil
bacteria Pseudomonas stutzeri and Acinetobacter sp. by transgenic plant DNA strictly depends on
homologous sequences in the recipient cells. FEMS Microbiolgy Letters 195, 211-215.
DETHLEFSEN L., RELMAN D.A., 2011 — Incomplete recovery and individualized responses of
the human distal gut microbiota to repeated antibiotic perturbation. Proceedings of the National
Academy of Sciences of the USA 188, 4554-4561.

DUGGAN P.S., CHAMBERS P.A., HERITAGE J., FORBES J.M., 2000 — Survival of free DNA
encoding antibiotic resistance from transgenic maize and the transformation activity of DNA in ovine
saliva, ovine rumen fluid and silage effluent. FEMS Microbiology Letters 191, 71-77.

DUGGAN P.S., CHAMBERS P.A., HERITAGE J., FORBES J.M., 2003 — Fate of genetically
modified maize DNA in the oral cavity and rumen of sheep. British Journal of Nutrition 89, 159-
166.

. vanden EEDE G.,AARTS H., BUHK H.-J., CORTHIER G., FLINT H.J., HAMMES W., JACOBSEN

B., MIDTVEDT T., VAN DER VOSSEN J., VON WRIGHT A., WACKERNAGEL W., WILCKS
A, 2004 — The relevance of gene transfer to the safety of food and feed derived from genetically
modified (GM) plants. Food and Chemical Toxicology 42, 1127-1156.

. EFSA, 2006 — Guidance document of the scientific panel on Genetically Modified Organisms for the

risk assessment of genetically modified plants and derived food and feed. EFSA Journal, 99, 1-100 .

. EINSPANIER R., KLOTZ A., KRAFTJ., AULRICH K., POSER R., SCHWAGELE F., JAHREIS G.

& FLACHOWSKY G., 2001 — The fate of forage plant DNA in farm animals: a collaborative case-

221



A. Korwin-Kossakowska et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

222

study investigating cattle and chicken fed recombinant plant material. European Food Research and
Technology 212, 129-134.

. EINSPANIER R., 2013 — The fate of transgenic DNA and newly expressed proteins. In: Flachowsky,

G. (Ed.). Animal Nutrition with Transgenic Plants. CABI Biotechnology Series ISBN 978-1-78064-
176-8, 130-139

. Encyklopedia.com-https://www.encyclopedia.com/science-and-technology/biology-and-genetics/

genetics-and-genetic-engineering/genetic-engineering.

EU 2010 — A decade of EU-funded GMO research (2001-2010) ISBN 978-92-79-16344-9 doi
10.2777/97784.

FLACHOWSKY G., HALLE I., AULRICH K., 2005 — Long term feeding of Bt-corn - a ten-
generation study with quails. Archive of Animal Nutrition 59, 449-451.

GAYP.B., GILLESPIE S.H., 2005 — Antibiotic resistance markers in genetically modified plants: a
risk to human health? Lancet Infect. Dis. 5, 637—46.

GEBHARD F., SMALLAK., 1998 — Transformation of Acinetobacter sp. strain BD413 by transgenic
sugar beet DNA. Applied and Environmental Microbiology 64, 1550-1554.

GENETICALLY ENGINEERED CROPS: EXPERIENCES AND PROSPECTS. 2016 — The
National Academies Press 500, Fifth Street, NW Washington, DC 20001. ISBN 978-0-309-43738-7
DOI 10.17226/23395.

ISAAA — International Service for the Acquisition of Agri-biotech Applications (ISAAA) 2020.
https://www.isaaa.org/resources/publications/pocketk/36/default.asp

JENNINGS J.C., ALBEE L.D., KOLWYCK D.C., SURBER J.B., TAYLOR M.L., HARTNELL
G.F,, LIRETTE R.P.,, GLENN K.C., 2003 — Attempts to detect transgenic and endogenous plant
DNA and transgenic protein in muscle from broilers fed YieldGard Corn Borer Corn. Poultry
Science 82, 371-380.

KAN C.A., HARTNELL G.F., 2004 — Evaluation of broiler performance when fed insect-protected,
control or commercial varieties of dehulled soybean meal. Poultry Science 83, 2029-2038.

KEESE P., 2008 — Risks from GMOs due to Horizontal Gene Transfer Environmental and Biosafety
Research 7, 123-149.

KEY S., MA JK.C.,, DRAKE PM.W., 2008 — Genetically modified plants and human health.
Journal of the Royal Society of Medicine 101, 290-298.

KLOTZ A., MAYER J., EINSPANIER R., 2002 — Degradation and possible carry over of feed DNA
monitored in pigs and poultry. European Food Research and Technology 214, 271-275.
KORWIN-KOSSAKOWSKA A., SARTOWSKA K., LINKIEWICZ A., TOMCZYK G., PRUSAK
B., SENDER G., 2013 — Evaluation of the effect of genetically modified RR soya bean and MON
810 maize in the diet of Japanese quail on chosen aspects of their productivity and retention of
transgenic DNA in tissues. Archive Tierzucht 56, doi: 10.7482/0003-9438-56-060.

LEY R.E., 2010 — Obesity and the human microbiome. Current Opinion in Gastroenterology 26,
5-11.

LEVEQUE CH., MOUNOLOU J.-C., 2003 — Biodiversity. West Sussex (United Kingdom) and
Hoboken (New Jersey): John Wiley & Sons. ISBN: 0-470-84957-6.

MA Q., GAO CH., ZHANG J., ZHAO L., HAO W., JI CH., 2013 — Detection of Transgenic and
Endogenous Plant DNA Fragments and Protein in the Digesta, Blood, Tissues and Eggs of Lying
Hens with Phytase Transgenic Corn. Plos One.8, ¢61138.

MAHABIR S.,PATHAK Y.V., 2014 — Nutraceuticals and health (Review of Human Evidence) -CRC
Press, Taylor&Francis Group, ISBN-13:978-1-4665-1723-3.

MAZZA R., SOAVE M., MORLACCHINI M., PIVA G., MAROCCO A., 2005 — Assessing the
transfer of genetically modified DNA 364 from feed to animal tissues. Transgenic Research 14,
775-784.



GMO feed on ecosystem stability of the gastrointestinal tract in different species

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

McNAUGHTON J., ROBERTS M., SMITH B., RICE D., HIND M., SCHMIDT J., LOCKE M.,
BRINK K., BRYND A., ROOD T., LEYTON R., LAMB 1., DELANNAY B., 2007 — Comparison of
broiler performance when fed diets containing event DR- 356043-5 (Optimum GAT) nontransgenic
near isoline control or commercial reference soybean meal, hulls and oil. Poultry Science 86, 2569-
2581.

MERGES C.C. 2004 — Importance of and opportunities for the production of nutrient enriched food
of animal origin. Erndhrungs Umschau 51, 484-490.

MERCERD.K.,SCOTTK.P.,, MELVILLE C.M.,GLOVER L.A., FLINT H.J., 2001 — Transformation
of an oral bacterium via chromosomal integration of free DNA in the presence of human saliva.
FEMS Microbiology Letters 200, 163-167.

NETHERWOOD T., MARTIN-ORUE S.M., O’DONNELL A.G., GOCKLING S., GRAHAM ]J.,
MATHERS J.C., GILBERT H.J., 2004 — Assessing the survival of transgenic plants DNA in the
human gastrointestinal tract. Nature Biotechnology 22, 204-209.

NETHERWOOD T., MARTIN-ORUE S.M., O’DONNELL A.G., GOCKLING 8., GILBERT H.,
MATHERS J., 2002 — Transgenes in genetically modified soya survive passage through the human
small bowel but are completely degraded in the colon. Technical report on the Food Standards
Agency project “Evaluating the risks associated with using GMOs in human foods”. 20-32.http://
www.food.gov.uk/multimedia/pdfs/gmnewcastlereport. PDF

RIZZI A., RADDADI N., SORLINI C., NORDGARD L., NIELSEN K.M., DAFFONCHIO D.,
2012 — The stability and degradation of 374 dietary DNA in the gastrointestinal tract of mammals:
implications for horizontal gene transfer and the biosafety of 375 GMOs. Critical Reviews in Food
Science and Nutrition 52, 142-161. doi: 10.1080/10408398.2010.499480

SAWOSZ E., BINEK M., 2007 — Influence of hydrocolloidal silver nanoparticles on gastrointestinal
microflora and morphology of enterocytes of quails. Archives of Animal Nutrition 61, 444-451.
SCHRODER M., POULSEN M., WILCKS A., KROGHSBO S., MILLER A., FRENZEL T.,
DANIER J., RYCHLIK M., EMAMI K., GATEHOUSE A., SHU Q., ENGEL K.H., ALTOSAAR L.,
KNUDSEN L., 2007 — A 90-day safety study of genetically modified rice expressing CrylAb protein
(Bacillus thuringiensis toxin) in Wistar rats. Food Chemical Toxicology 45, 339-349.

SCHUBERT R., RENZ D., SCHMITZ B., DOERFLER W., 1997 — Foreign DNA (M13) ingested by
mice reaches peripheral leukocytes, spleen, and liver via intestinal wall mucosa and can be covalently
linked to mouse DNA. Proceedings of the National Academy of Sciences of the USA 94, 961-966.
SIERADZKI Z., MAZUR M., KWIATEK K,. SWIATKIEWICZ S., SWIATKIEWICZ M.,
KORELESKIJ., HANCZAKOWSKA E., ARCZEWSKA-WLOSEK A., GOLDSZTEJN M. 2013 —
Assessing the possibility of genetically modified DNA transfer from GM feed to broiler, laying hen,
pig and calf tissues. Polish Journal of Veterinary Science 16, 435-41.

SWIATKIEWICZ S., KORELESKI J., ARCZEWSKA-WLOSEK A., SWIATKIEWICZ M.,
TWARDOWSKA M., MARKOWSKI J., MAZUR M., SIERADZKI Z., KWIATEK K., 2011 —
Detection of transgenic DNA from Bt maize and herbicide tolerant soybean meal in tissues, eggs and
contents of segments of digestive tract in laying hens fed diets containing genetically modified plants.
Annals of Animal Science 11,413-424.

TANJ., LIU S., SUN Z., ZHANG H., WANG Y., LIU D. 2012 — Comparison of broiler performance,
carcass yields and intestinal microflora when fed diets containing transgenic (MON-40-3-2) and
conventional soybean meal. African Journal Biotechnology 11, 12371-12378.

TAYLOR M., HARTNELL G., LUCAS D., DAVIS S., NEMETH M., 2007 — Comparison of
broiler performance and carcass parameters when fed diets containing soybean meal produced from
glyphosate-tolerant (MON 89788), control or conventional reference soybeans. Poultry Sciences 86,
2608-2614.

THOMSON J.A., 2001 — Horizontal transfer of DNA from GM crops to bacteria and to mammalian
cells. Journal of Food Sciences 66, 188-193.

223



A. Korwin-Kossakowska et al.

51. YANFANGY., WENTAO X., XIAOYUN H., HAIYAN L., SISHUO C., XIAOZHE Q. , KUNLUN
H., YUNBO L., 2012 — Effects of genetically modified T2A-1 rice on the GI health of rats after 90-
day supplement. Scientific Reports 3, 1962 , DOI: 10.1038/srep01962.

52. VALIN., 2009 — Probiotic in Quail Nutrition: A Review. International Journal of Poultry Sciences
8, 1218-1222.

224



