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This study was conducted to analyze the effects of transgenic glyphosate-tolerant soybeans on the
performance, carcass yields and intestinal microflora of broiler chickens. Three hundred and sixty one-
day-old Abor Aerec broilers were randomly divided into two dietary treatments, adding genetically
modified (GM) glyphosate-tolerant soybean meal or conventional soybean meal, respectively. Broiler
body weight and feed intake were recorded at regular intervals (day 0, 21 and 42). Chickens were
slaughtered at day 42 for carcass yield measurement and sampling. Diversity of the ileum and cecum
microflora was determined by denaturing gradient gel electrophoresis (DGGE) technique and DNA
sequencing. No treatment differences (P > 0.05) were detected among dietary treatments for any
measured performance and carcass parameters. The microbial population in ileum and cecum also had
no significant difference between the two treatments (P>0.05). The similarity of the total ileum and
cecum microflora between the two treatments was about 62 and 58%, respectively. The DNA-DGGE
electrophoresis pattern bands of intestine microbe were divided into two groups because of the
different diet. Fifteen DGGE DNA bands were identified, of which five of them were identified as known
bacteria. The current study showed that there were no adverse effects of the transgenic soybean meal

on the intestinal microflora of broilers.
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INTRODUCTION

With the development of the transgenic technology, great
contributions have been made to the famine and poverty
alleviation by increasing crop production and lowering the
cost of food consumption. However, the wide application
of this technology has also caused many biosafety
problems (Lu et al., 2010; Yoshimura et al., 2006). There-
fore, attention must be paid to assessing its potential
safety problems. In 2010, the cultivated area of the
glyphosate-tolerant transgenic soybean was about 7330

*Corresponding author. E-mail: zhanghf6565@vip.sina.com.
Tel/Fax: 0086-10-62818910.

hectares, nearly the 50% of the total cultivated area of
transgenic plant (Adenle, 2011). The by-product of the
transgenic soybean has been extensively used in
husbandry industry. Its feed safety is not only associated
with the health of livestock, but with the human’s health.
At present, the safety assessment of transgenic crops is
mainly focused on the feeding value evaluation (Jiao et
al., 2010; Taylor et al., 2007), the fate of the transgenic
DNA and protein in the animal products (Jennings et al.,
2003), and the immunity and breed parameters of
animals (Brake and Evenson, 2004; Finamore et al.,
2008).

However, the effects of transgenic crops on the
intestinal health have been less studied. The gut is the
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Table 1. Diet composition and nutrient level.

CSM group TSM group

Ingredient Starter Grower Starter Grower

(0-21day) (22-42day) (0-21day) (22-42day)
Corn (Crud protein 7.8%) 53.33 56.97 54.63 57.45
Conventional soybean meal (GSM) 36.00 34.00 - -
Transgenic soybean meal (TSM) - - 36.00 34.00
Corn protein powder (Crud protein 55%) 3.30 1.71 2.00 1.30
Corn oil 2.50 3.00 2.50 3.00
limestone 1.30 1.27 1.30 1.21
Calcium hydrophosphate 1.90 1.57 1.90 1.57
L-Lysine-HCL 0.06 0.004 0.06 0.00
Methionine 0.26 0.126 0.26 0.12
Choline chloride (50%) 0.05 0.05 0.05 0.05
Salt 0.30 0.30 0.30 0.30
Premix (1%) 1.00' 1.00° 1.00' 1.00°
Total 100 100 100 100
Nutrition level
ME (Mcal/kg)® 2.95 3.01 2.95 3.01
Crude protein (%) 21.78 19.93 21.78 19.93
Calcium (%) 1.02 0.90 1.02 0.90
Available phosphorus (%) 0.46 0.41 0.46 0.40
Lysine (%) 1.16 1.00 1.16 1.02
Methionine (%) 0.58 0.40 0.58 0.42
Methionine+ cysteine (%) 0.92 0.78 0.92 0.77

"The premix provides the following per kg diet: Vitamin A. 8000 1U; vitamin D3, 1000 IU; vitamin E, 20 mg; vitamin K, 0.5 mg;
vitamin By, 2.0 mg; vitamin B,, 8.0 mg; D-pantothenic acid, 10.0 mg; nicotinic acid, 35.0 mg, VBs, 3.5 mg; biotin, 0.18 mg,
folic acid, 0.55 mg; vitamin B2, 0.01 mg; choline, 1300 mg; Fe (as ferrous sulfate), 100 mg; Cu (Zas copper sulfate), 8.0 mg;

Zn (as zinc sulfate), 100 mg; Mn, 120 mg; I, 0.7 mg; Se, 0.3 mg; flavophospholipol, 6 mg.

The premix provides the

following per kg diet: Vitamin A, 6000 1U; vitamin Dz, 750 IU; vitamin E, 10.0 1U; vitamin K3, 0.5 mg; vitamin By, 2.0 mg;
vitamin B, 5.0 mg; D-pantothenic acid, 10.0 mg; nicotinic acid, 30.0 mg; vitamin Bg, 3.0 mg; biotin, 0.15 mg, folic acid, 0.55
mg; vitamin B4z, 0.01 mg; choline, 1000 mg; Fe (as ferrous sulfate), 80 mg; Cu (as copper sulfate), 8.0 mg; Zn (as zinc
sulfate), 80 mg; Mn, 100 mg; I, 0.7 mg; Se, 0.3 mg; flavophospholipol, 4 mg. SME is the calculated value. Other nutrient

levels are measured values.

first defensive line to protect the animal body from the
damage by the harmful matters from feed. If the
transgenic soybean meal is harmful to broilers, it may first
damage the intestinal protection system, especially of the
intestinal mucosal immune system and the intestinal
microflora of broilers. Gut microbe is an important
constituent part of the animal digestive organ, which can
enhance host metabolic function, protect against
pathogens, enhance adaptive immunity and modulate gut
physiology (Lee and Mazmanian, 2010; Zoetendal et al.,
2004). Nevertheless, there is little data about the effects
of transgenic crops on the animal intestinal microflora.
Therefore, the aim of the present study was to evaluate
the feed biosafety of the glyphosate-tolerant soybean
meal on commercial broilers based on detecting the
effects of glyphosate-tolerant on the intestinal microflora
of 42-day-old broilers by PCR-DGGE technique.

MATERIALS AND METHODS
Birds, diets and treatments

A total of 360 one-day-old Arbor Acres broilers were randomly
assigned to two dietary treatments, conventional soybean meal
(CSM) group and transgenic soybean meal (TSM) group. Each
treatment has 5 replicates (cages) with 36 broilers (18 males and
18 females each cage). Broilers were housed in the cages with 3
layers (length 100 cm x width 50 cm x height 45 cm) with a 24-h
constant-light schedule and room temperature was maintained at
34°C during the first 3 days and gradually reduced to 28°C at day
12.

A 2-phase feeding schedule (starter, day 0 to 21; grower, day 22
to 42) was used in this study, and feeds in pellet form were offered
ad libitum. Each phase diet was formulated to meet the nutrition
requirements by NY/T33-2004 (China). The composition and
nutrient level of diets are shown in Table 1. Non-transgenic control
soybean was produced in Heilongjiang province of China, and the
transgenic soybean (Monsanto 40-3-2) was imported from America.



All soybean sources were processed into their respective meal
and oil fractions under similar conditions at China Agricultural
University.

Sample collection and preparation

At 42 days, 3 broilers from each replicate were selected according
to the average body weight (1/layer), and euthanized for carcass
yield measurement and sampling. Then the ileal and cecum digesta
was collected from each bird, and an equal amount of the digesta
from each bird was mixed to create pooled samples from the
broilers in the same replicate. The pooled digesta was placed in a
1.5-ml tube and stored at -80°C until DNA extraction.

Performance and carcass yields

Broilers were observed three times daily for general health, all
broilers that died or eliminated due to their unhealthy condition were
weighed and necropsied; the probable cause of death and reason
for eliminated were recorded. Broilers were individually weighed by
pen at 1, 21 and 42 days of age. Meanwhile, feed intake per pen for
calculating the feed conversion ratio (FCR) during the experiment (1
to 21, and 22 to 42 days of age) were recorded. The adjusted FCR
were calculated by using total feed consumption minus the
assumed feed consumption of the dead or eliminated broilers in a
pen divided by the total weight gain of surviving broilers at 42 days
of age. At the end of the experiment, carcass measurements (chill
eviscerated weight and abdominal fat, wing, thigh, breast muscle,
and thigh muscle weights) were taken.

DNA isolation and polymerase chain reaction

amplification of bacterial 16s rDNA

(PCR)

The DNA was extracted from digesta samples using the QlAamp
DNA Stool Mini Kit, according to its protocols. The concentration of
DNA was measured by absorbance value at 260 nm. The DNA was
stored at -20°C. The primers used in this study were described by
Muyzer et al. (1993), which target the V3 region of the 16S rRNA
gene of the whole intestinal microbe. These primers include: the
forward primer, 375F-GC,GC-clamp-5-CCTACGGGAGGCAGCAG-
3'(GC-clamp:5-CGCCCGCCGCGCGCGGCGGGCGGGGCGGG-
GGCACGGGGGG-3') and the reverse primer, 517R, 5
ATTACCGCGGCTGCTGG-3".

The PCR mixture (50 pL) contained 1pL of template DNA (40 to
50 ng/pL), 1 pL of each primer (10 pmol/uL), 5 pL of the 10X Taq
buffer, 1 pL of dNTP mixture (10 pmol/uL), 0.5 pL of Tag DNA
polymerase (5 U/pL), 40.5 pL of ddH»O [containing 0.1% bovine
serum albumin (BSA)]. The PCR program was as follows: initial
denaturation for 5 min at 95°C, followed by 35 cycles of
denaturation (30 s at 95°C), annealing (30 s at 65°C), and
extension (40 s at 72°C), with a final extension at 72°C for 10 min.
The expected size of amplified fragments was approximately 200
bp and was verified on a 1.5% (wt/vol) agarose gel for 25 min at
110 V.

Denaturing gradient gel electrophoresis (DGGE), cloning and
sequencing

The DGGE was performed by a Bio-Rad DCode Universal Mutation
Detection System (Bio-Rad, USA) using a 16 cm x 16 cm x 1 mm
8% (wt/vol) polyacrylamide gel containing a 40 to 65% linear
denaturant gradient (a 100% denaturing solution consisting of 7.0 M
urea and 40% (vol/vol) deionized formamide). The electrophoresis
was performed in 0.5% tris-acetate-EDTA (TAE) buffer at 60°C for

Tan et al. 12373

20 min at a constant voltage of 150 V, then for 16 to 18 h at a
constant voltage of 75 V. The PCR-DGGE bands were visualized by
ethidium bromide (EB) staining for 30 min. Cluster analysis of PCR-
DGGE fingerprint was conducted by Quantity one software package
(Version 4.2.1, BioRad). The band matching of fingerprint was
normalized with a 1.0% position tolerance. The Pearson correlation
coefficients were calculated between every two lanes, student’s t-
test was used to test the correlation coefficients among pool
groups.

Bands of high luminance were excised aseptically from the PCR-
DGGE gel into TE buffer (pH = 8) and incubated overnight at 4°C.
The aforementioned primer (without GC-clamp) was used to amplify
the above eluant, with the PCR program as earlier described. The
PCR product was purified by the QlAquick PCR purification kit and
cloned into pGEM-T Easy; all clones were checked by DGGE
(using primer: 375F-GC and 517R). After confirmation, the DGGE
bands migrated as the original, and the cloned plasmid were
sequenced by Beijing Sunbiotech Co. The retrieved sequences
were compared with the Genbank database by BLAST
(http://www.ncbi.nlm.nih.gov).

Statistical analysis

Data for growth performance, carcass yield and bands number
were statistically analyzed to determine the differences between
transgenic and conventional soybean meal diets. Statistical analysis
was performed according to the GLM procedure of SAS, version
9.1.3(SAS Institute Inc., Cary, NC). The treatment means were
compared using Student’s ttest. Values were presented as mean *
standard error, and P<0.05 was considered as significant difference
for all statistical comparisons.

RESULTS
Bird performance and carcass yields

Data for growth performance and carcass yield at day 0
to 42 are summarized in Table 2. The growth perfor-
mance did not differ significantly among two treatments.
In addition, no differences in the relative carcass weights
(Half-eviscerated yield, abdominal Fat, wing, thigh, breast
muscle, and thigh muscle) were detected among two
treatments.

Analysis of the PCR-DGGE Profiles

The PCR-DGGE fingerprint of the V3 region gene of 16S
rDNA of the bacteria from the ileum and cecum of broilers
at day 42 is shown in Figure 1. The different bands
represented different kinds of bacteria, and the luminance
of the bands indicated their abundance. It could be
concluded from the fingerprint that different samples had
many differences in the band location and abundance,
and the abundance in the transgenic group was obviously
higher than convention group. Different samples had
many common bands, but with difference in the abun-
dance. As shown in Table 4, there was no significant
difference in the number of PCR-DGGE bands within the
ileum and cecum (P>0.05), indicating that the transgenic
soybean meal had no significant effect on the intestine
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Table 2. Performance and carcass yield comparison of broilers fed diets containing
transgenic and conventional soybean meal.

Parameter CSM group TSM group P value
Performance

Weight gain (kg) 0 - 42 days 2.14 +0.03 2.15+0.03 0.832
Feed intake (kg) 0 — 42 days 3.80 £ 0.05 3.84 +0.04 0.575
Feed conversion (g/g) 0 - 42 day 1.77 £ 0.04 1.78 +£0.03 0.820

Carcass yield

Half-eviscerated yield (%) 91.2+0.20 91.1 £0.64 0.473
Abdominal fat (%) 2.20+0.18 2.48 £0.08 0.210
Wing (%) 5.52 +£0.02 5.7 £0.02 0.077
Thigh (%) 27.05+0.52 27.66 £ 0.33 0.353
Breast muscle (%) 25.06 £ 0.44 25.06 £ 0.44 0.999
Thigh muscle (%) 20.92 +0.63 21.64+0.29 0.328

CSM, Conventional soybean meal; TSM, transgenic soybean meal.

1 2 3 4 5 6 7 8 9 10

Figure 1. The PCR-DGGE profile of the V3 region gene of 16S rDNA of the bacteria from the ileum (left) and cecum (right) of
broilers; lanes 1-5 is the transgenic soybean meal group, lanes 6-10 is the conventional soybean meal group. Every band
was marked by red ticks.

microbial population of broilers. PCR-DGGE fingerprint bands in the two treatments is
Furthermore, the cluster analysis result of microbial shown in Figure 2. Except for the cecum sample 6 and 7,
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Table 3. Effect of TSM on the band number of PCR-DGGE fingerprint of the
intestine microbe in broilers.
Intestine CSM group TSM group P Value
lleum 33.6 £0.68 32.4+1.08 0.373
Cecum 38.6 +2.14 38.8+1.32 0.938
CSM, Conventional soybean meal; TSM, transgenic soybean meal.
056 070 040 100 082 0.70 0.80 0.90 1.00
#1 #4
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Figure 2. Cluster analysis of the PCR-DGGE fingerprint of the V3 region gene of 16S rDNA of the bacteria from the ileum (left) and cecum

(right) of broilers.

the similarity index of the other samples is relatively low.
The within-group similarity index of the ileum and cecum
samples is 62 and 58%, respectively which indicated that
the microbial community of every broiler had a great
individual difference. As to cluster analysis results of
PCR-DGGE fingerprint bands of the ileum and cecum
bacterial, it was found that the microbial community of the
ileum was separated into two groups due to the
difference of the diet, and the similarity intra and
intergroup were very low.

Putative bacterial species identified by cloning and
sequencing

After the separation of the intestinal bacterial 16S rDNA
V3 region by DGGE, some advantage bands were

collected for the putative species identification and
confirmation by further PCR-DGGE analysis, cloning and
sequencing. Among them, 15 bands were analyzed. The
result shows that the similarity between the analyzed
bands and their putative bacterial species was
significantly high. Eleven of the fifteen bands had a 100%
similarity with their putative species. The sequence result
is shown in Table 4; most clones were closely related to
uncultured bacteria.

Among the 15 bands sequenced, the closest putative
cultured bacterial of C-3 was Barnesiella viscericola DSM
18177, while the closest putative cultured bacterial of I-4
was Clostridiales bacterium 21-4c. And C-5 and I-2 have
a common closest putative cultured bacterial B.
viscericola DSM 18177. Compared to the closest putative
bacterial of advantage bands in the ileum and cecum
microbial PCR-DGGE fingerprint, the closest putative
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Table 4. The advantage PCR-DGGE band sequence analysis of the lleum (up) and cecum (below) microbial 16S rDNA V3 Region

Band Sequence Closest relative Identification GenBank accession

number size (bp) (species) (%) number
189 Uncultured bacterium clone HFV09 448 100 Gu107887
189 Barnesiella viscericola DSM 18177 100 AB267809
168 Uncultured bacterium clone 100 100 GU060400
189 Uncultured bacterium clone 16slp47-01c02.p1k 99 FJ505998
189 Uncultured bacterium clone YO00045C05 97 EU198767
189 Uncultured bacterium clone cc_269 100 GQ175524
189 Uncultured bacterium clone NO50 98 AY916251
192 Uncultured bacterium clone WD3_aak03c01 93 EU510227
172 Clostridiales bacterium 21-4c 100 HQ452858
189 Barnesiella viscericola DSM 18177 100 AB267809
174 gznlglajlg;ﬁ?eaﬂ coIoradt:))aCterium clone 100 GUI71177
189 Uncultured bacterium clone HFV09 448 100 Gu107887
171 Uncultured bacterium clone 426F05 100 HQ237250
195 Uncultured bacterium clone BioVDRday3577 100 GU171020
189 Uncultured bacterium clone HFV06_481 100 GU106362

bacterial of I-1 and C-7 was uncultured bacterium clone
HFV09 448, and |-2 and C-5 have the same closest
putative bacterial B. viscericola DSM 18177, which
implied that there were many common bacteria in ileum
and cecum.

DISCUSSION

Genetic engineering has enabled significant innovations

in agricultural field; however, it got a violent opposition for
its frame due to lack of biological coherence in the
recombinant DNA technology (Herring, 2008). Broilers
are sensitive to small nutritional or harmful changes in
diet during its rapid growth period; comparative feeding
studies with broilers have always been used to detect
potential unintended effects resulting from the diet. This
study detected no biologically relevant difference in
performance and carcass yield that was consistent with
previous report (Cromwell et al., 2002). The results from



this feeding experiment indicate that the transgenic
soybean meal (Mon 40-3-2) is equivalent in nutritional
value to conventional soybean meal.

The trillions of bacteria in broilers intestine play a very
important role in the maintenance of the host health
because of its prevention of pathogens colonization in the
gastrointestinal track via its competitive exclusion. An
imbalance of the intestinal microbiota could lead to
inflammation and immune response in intestinal mucosa
(Kelly and Conway, 2005; Neish, 2009), and various
bacteria-associated disease. Previous reports showed
that the composition change of the intestinal microbiota
may be associated with obesity and weight loss of
animals (Duncan et al., 2008; Ley et al., 2006), and the
modulation of gut microbiota could improve the feed
conversion and growth performance of broilers (Torok et
al., 2011). So the stability of the broiler intestinal
microbiota was closely linked with the economical profit.
Previous study showed that the transgenic maize
significantly influenced the intestinal immunity of weaning
and old mice (Finamore et al., 2008). Hence, it is
necessary to characterize the effects of transgenic crops
on the intestinal microbiota of broilers.

The PCR-DGGE analysis of the ileum and cecum
content bacterial between transgenic and conventional
treatments suggested that there were no significant
difference in the band number of the DGGE profile of the
intestine microbe, which indicated that transgenic
soybean meal had little effect on the species number of
broiler intestinal bacteria. The band number of cecum
bacterial DGGE profile was also more than ileum
bacterial, which demonstrated that the bacterial
population in cecum was more abundant than ileum.
Meanwhile, the sequencing result showed that ileum and
cecum had many common bacteria, but its proportion
needed further research. In fact, the composition of the
ileal and cecum microbiota is nearly the same in the first
3 days after hatch, and along with the broiler growing, the
microbiota become complex. After 14 days old,
microbiota composition in the ileum and cecum was
significantly different (Lu et al., 2003; Wielen et al., 2002).
The present study therefore provides further evidence on
intestinal region-specific microbiota of commercial broiler,
which is a successive system and with an increasing
complexity along the Gl tracts.

Several investigators (De Filippo et al.,, 2010;
Sonnenburg et al., 2010) studied the effect of diet on gut
microbiota shaping, it was demonstrated that the diet
could significantly influence the intestinal microbiota
(Geier et al.,, 2009). In this study, we detected the
grouping of the microbiota in the ileum and cecum
associated with the different diet, and the results
indicated that the experiment diet had a significant effect
on the microflora of broilers. Except for the soybean
meal, the other ingredient in diet was the same between
two treatments, so the transgenic soybean meal might
have impact on the microbiota of ileum. The gut
microbiota is influenced by the nutrient levels of fat,
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protein, carbohydrate, and even the physical size (Zhou
et al., 2007). A similar study also showed that the trans-
genic technique caused some unintended compositional
changes in transgenic rice seed (Jiao et al., 2010). So,
the groping of the ileum microbiota is attributed to the
compositional difference of soybean meal.

In this study, a significant individual variation in micro-
flora was found within groups, even though they were in
the same feeding conditions. Such individual variations
were observed in several previous studies (Gong et al.,
2007; Wielen et al., 2002). Community membership and
function of the intestinal microbiota can change for many
variables, such as the use of antibiotic (Dumonceaux et
al., 2006) and prebiotics (Gibson and Roberfroid, 1995),
diet (De Filippo et al., 2010), environment (Turnbaugh et
al., 2008), and intestinal immune response (Frank et al.,
2007; Hooper and Macpherson, 2010). The intestinal
microbiota is an immensely diverse ecosystem (Eckburg
et al., 2005), and no core microbiota can be shared by all
individuals in animals (Yin et al., 2009). Hence, it is
difficult to research the intestinal microbiota of broilers
due to the individual variation. Moreover, Zhou (2007)
suggested that pooling digesta from at least 5 broilers
could provide a proper sample size for detecting the gut
microbiota changes in broiler (Zhou et al., 2007).

The signs highlighted in the intestinal health could be
the onset of a chronic process; however, no minimal
length for feed safety assessment was established.
Therefore, a prolonged study, even a multigenerational
study should be conducted on feed safety evaluation of
transgenic crops (Seralini et al., 2011). It is necessary to
establish a standard method to evaluate the safety of
transgenic crops. More deep safety assessment is
needed to ensure that consumption of transgenic crops
would not provoke any health problem, which could build
confidence in the acceptance of the use of transgenic
crops in animal production. This study detected a slight
change in intestinal microbiota of broilers, but did not
have significant effect on the growth performance and
carcass yield. These data therefore support the
conclusion that the glyphosate-tolerant soybean meal is
as wholesome and nutritious as conventional soybean
meal.

Acknowledgement

We gratefully acknowledge the financial support of the
Ministry of Agriculture of People’ s Republic of China
(The food and feed safety assessment of transgenic
plant: 2011ZX0811-005).

REFERENCES

Adenle AA (2011). Global capture of crop biotechnology in developing
world over a decade. J. Genet. Eng. Biotechnol. 9(2):83-95.

Brake DG, Evenson DP (2004). A generational study of glyphosate-
tolerant soybeans on mouse fetal, postnatal, pubertal and adult



12378 Afr. J. Biotechnol.

testicular development. Food Chem. Toxicol. 42:29-36.

Cromwell G, Lindemann M, Randolph J, Parker G, Coffey R, Laurent K,
Armstrong C, Mikel W, Stanisiewski E, Hartnell G (2002). Soybean
meal from Roundup Ready or conventional soybeans in diets for
growing-finishing swine. J. Anim. Sci. 80:708-719.

De filippo C, Cavalieri D, Di paola M, Ramazzotti M., Poulle, Massart
JBS, Collini S, Pieraccini G, Lionetti P (2010). Impact of diet in
shaping gut microbiota revealed by a comparative study in children
from Europe and rural Africa. Proc. Natl. Acad. Sci. USA 107:14691-
14700

Dumonceaux TJ, Hill JE, Hemmingsen SM, Van kessel AG (2006).
Characterization of intestinal microbiota and response to dietary
virginiamycin supplementation in the broiler chicken. Appl. Environ.
Microb. 72:2815-2823.

Duncan S, Lobley, G, Holtrop G, Ince J, Johnstone A, Louis P, Flint H
(2008). Human colonic microbiota associated with diet, obesity and
weight loss. Int. J. Obesity 32:1720-1724.

Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L, Sargent
M, Gill SR, Nelson KE, Relman DA (2005). Diversity of the human
intestinal microbial flora. Science 308:1635-1645.

Finamore A, Roselli M, Britti S, Monastra G, Ambra R, Turrini A,
Mengheri E (2008). Intestinal and peripheral immune response to
MON810 maize ingestion in weaning and old mice. J. Agric. Food
Chem. 56:11533-11539.

Frank DN, ST Amand AL, Feldman RA, Boedeker EC, Harpaz N, Pace
NR (2007). Molecular-phylogenetic characterization of microbial
community imbalances in human inflammatory bowel diseases. Proc.
Natl. Acad. Sci. USA 104:13780-13789.

Geier MS, Torok VA, Allison G, Ophel-Keller K, Hughes RJ (2009).
Indigestible carbohydrates alter the intestinal microbiota but do not
influence the performance of broiler chickens. J. Appl. Microbiol.
106:1540-1548.

Gibson GR, Roberfroid MB (1995). Dietary Modulation of the Human
Colonic Microbiota: Introducing the Concept of Prebiotics. J. Nutr.
125:1401-1412.

Gong JSIW, Forster RJ, Huang R, Yu H, Yin Y, Yang C, Han Y(2007).
16S rRNA gene-based analysis of mucosa-associated bacterial
community and phylogeny in the chicken gastrointestinal tracts: from
crops to ceca. Fems. Microbiol. Ecol. 59:147-157.

Herring RJ (2008). Opposition to transgenic technologies: ideology,
interests and collective action frames. Nat. Rev. Genet. 9:458-463.
Hooper LV, Macpherson AJ (2010). Immune adaptations that maintain
homeostasis with the intestinal microbiota. Nat. Rev. Immunol.

10:159-169.

Jennings J, Kolwyck D, Kays S, Whetsell A, Surber J, Cromwell G,
Lirette R, Glenn K (2003). Determining whether transgenic and
endogenous plant DNA and transgenic protein are detectable in
muscle from swine fed Roundup Ready soybean meal. J. Anim. Sci.
81:1447-1455.

Jiao Z, Si X, Li G, Zhang Z, Xu X (2010). Unintended compositional
changes in transgenic rice seeds (Oryza sativa L.) studied by spectral
and chromatographic analysis coupled with chemometrics methods.
J. Agric. Food Chem. 58:1746-1754.

Kelly D, Conway S (2005). Bacterial modulation of mucosal innate
immunity. Mol. Immunol. 42:895-901.

Lee YK, Mazmanian SK (2010). Has the microbiota played a critical role
in the evolution of the adaptive immune system? Science 330:1768-
1777.

Ley RE, Turnbaugh PJ, Klein S, Gordon JI (2006). Microbial ecology:
human gut microbes associated with obesity. Nature 444:1022-1023.

Lu J, Idris U, Harmon B, Hofacre C, Maurer JJ, Lee MD (2003).
Diversity and succession of the intestinal bacterial community of the
maturing broiler chicken. Appl. Environ. Microb. 69:6816-6126.

Lu Y, Kongming W, Yunjing J, Bing X, Ping LH, Feng K, Yuyuan G
(2010). Mirid bug outbreaks in multiple crops correlated with wide-
scale adoption of Bt cotton in China. Science 328:1151-1154.

Neish AS (2009). Microbes in gastrointestinal health and disease.
Gastroenterology 136:65-80.

Seralini G.-E, Mesnage R, Clair E, Gress S, de Vendomois J, Cellier D
(2011). Genetically modified crops safety assessments: present limits
and possible improvements. Environ. Sci. Eur. 23:10-18.

Sonnenburg ED, Zheng H, Joglekar P, Higginbottom SK, Firbank SJ,
Bolam DN, Sonnenburg JL (2010). Specificity of polysaccharide use
in intestinal bacteroides species determines diet-induced microbiota
alterations. Cell 141:1241-1252.

Taylor M, Lucas D, Nemeth M, Davis S, Hartnell G (2007). Comparison
of Broiler Performance and Carcass Parameters When Fed Diets
Containing Combined Trait Insect-Protected and Glyphosate-Tolerant
Corn (MON 89034 x NK603), Control, or Conventional Reference
Corn. Poult. Sci. 86:1988-1997.

Torok VA, Hughes RJ, Mikkelsen LL, Perez-maldonado R, Balding K,
Macalpine R, Percy NJ, Ophel-keller K (2011). Identification and
Characterization of Potential Performance-Related Gut Microbiotas in
Broiler Chickens across Various Feeding Trials. Appl. Environ.
Microb. 77:5868-5878.

Turnbaugh PJ, Hamady M, Yatsunenko T, Cantarel BL, Duncan A, Ley
RE, Sogin ML, Jones WJ, Roe BA, Affourtit JP(2008). A core gut
microbiome in obese and lean twins. Nature 457:480-484.

Wielen P, Keuzenkamp D, Lipman L, Knapen F, Biesterveld S (2002).
Spatial and temporal variation of the intestinal bacterial community in
commercially raised broiler chickens during growth. Microb. Ecol.
44:286-293.

Yin Y, Lei F, Zhu L, Li S, Wu Z, Zhang R, Gao GF, Zhu B, Wang X
(2009). Exposure of different bacterial inocula to newborn chicken
affects gut microbiota development and ileum gene expression.
ISME J. 4:367-376.

Yoshimura Y, Matsuo K, Yasuda K (2006). Gene flow from GM
glyphosate-tolerant to conventional soybeans under field conditions
in Japan. Environ Biosaf. Res. 5:169-173.

Zhou H, Gong J, Brisbin J, Yu H, Sanei B, Sabour P, Sharif S (2007).
Appropriate chicken sample size for identifying the composition of
broiler intestinal microbiota affected by dietary antibiotics, using the
polymerase chain reaction-denaturing gradient gel electrophoresis
technique. Poult. Sci. 86:2541-2549.

Zoetendal EG, Collier CT, Koike S, Mackie RI, Gaskins HR (2004).
Molecular ecological analysis of the gastrointestinal microbiota: a
review. J. Nutr. 134:465-472.



