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Abstract

Metagenome of gut microbes has been implicated in metabolism, immunity, and health
maintenance of its host. However, in most of previous studies, the microbiota was sampled
from feces instead of gastrointestinal (Gl) tract. In this study, we compared the microbial
populations from feces at four different developmental stages and contents of four intestinal
segments at maturity to examine the dynamic shift of microbiota in pigs and investigated
whether adult porcine fecal samples could be used to represent samples of the Gl tract.
Analysis results revealed that the ratio of Firmicutes to Bacteroidetes from the feces of the
older pigs (2-, 3-, 6- month) were 10 times higher compared to those from piglets (1-month).
As the pigs matured, so did it seem that the composition of microbiome became more stable
in feces. In adult pigs, there were significant differences in microbial profiles between the
contents of the small intestine and large intestine. The dominant genera in the small intes-
tine belonged to aerobe or facultative anaerobe categories, whereas the main genera in the
large intestine were all anaerobes. Compared to the Gl tract, the composition of microbiome
was quite different in feces. The microbial profile in large intestine was more similar to feces
than those in the small intestine, with the similarity of 0.75 and 0.38 on average, respective-
ly. Microbial functions, predicted by metagenome profiles, showed the enrichment associat-
ed with metabolism pathway and metabolic disease in large intestine and feces while higher
abundance of infectious disease, immune function disease, and cancer in small intestine.
Fecal microbes also showed enriched function in metabolic pathways compared to mi-
crobes from pooled gut contents. Our study extended the understanding of dynamic shift of
gut microbes during pig growth and also characterized the profiles of bacterial communities
across Gl tracts of mature pigs.
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Introduction

The gastrointestinal (GI) microbiome is an enormous and dynamic ecosystem, which not only
makes essential products and forms a barrier against the pathogens, but also plays multiple
functions in intestinal morphology, immunity development, digestion, and modulating host
gene expression [1,2]. Currently, applying the metagenome to investigate human and other
mammalian GI microbes has become popular. Aided by fecal microbiota analyses, several stud-
ies demonstrated that a series of human diseases, such as obesity, diabetes, and inflammatory
bowel disease [3-6], were closely tied to the alterations of gut microbial communities. Howev-
er, its effectiveness as a model remains in doubt since most experiments were sampled from
feces instead of GI tract content. At the same time, the dynamic shifts of intestinal microbiota
with age and the GI environment of humans were still unclear. The similarity of size, anatomy
and physiology made swine an ideal model for human disease-associated research, particularly
for in vivo studies [7,8]. For pigs, microbiota also contribute to development of the gastrointes-
tinal immune system and play casual role in diarrhea [9-11]. In order to justify if the micro-
biome in feces could be used to represent the composition structure of the microbiome in the
intestine, we identified the complete GI microbiota profile of adult pigs and evaluated the simi-
larity to the microbial profile in feces. At the same time, we also systematically investigated the
shifts of intestinal microbiota from piglets to adult swine to explore the stability of microbes
during maturation.

Materials and Methods
Animals and sample collection

Ten Large White pigs, including 7 males and 3 females, were fed a standard swine diet under
same husbandry. Piglets were weaned at 30 days of age. After weaning, pigs were fed pre-starter
diets for 1 week and fed grower diets thereafter. The ingredients of the diets are provided in

S1 Table. Fecal samples were collected at 1, 2, 3, and 6 months of age. At 6 months of age, the
pigs were slaughtered, and the contents of four intestinal segments, including jejunum, ileum,
cecum, and colon, were collected simultaneously. A total of 80 samples (For each individual,
fecal samples were collected from four development stages, and content samples were collected
from four intestinal segments) were snap-frozen in liquid nitrogen and stored at -20°C. Protocols
used for this experiment were consistent with the Guidelines for the Care and Use of Laboratory
Animals established by Beijing Association for Laboratory Animal Science, and approved by the
Animal Ethics Committee of Institute of Zoology, Chinese Academy of Sciences.

Gut microbes 16S rRNA sequencing

Microbial genomic DNA was extracted from fecal and intestinal content samples using the
TIANGEN DNA stool mini kit (TTANGEN, cat#DP328) following the manufacturer’s guide-
lines (http://www.tiangen.com/asset/imsupload/up0921879001368428871.pdf). 11 samples

(5 fecal samples and 6 intestinal segmented samples) were discarded because their DNA did
not pass our QA criteria. The V4 hypervariable regions of 16S rRNA were amplified by PCR
using the barcoded fusion primers referred to our previous study [12]. The PCR condition was
as follows: initial denaturation at 94°C for 5 min; 94°C denaturation for 30 sec, 50°C annealing
for 30 sec, and 72°C extension for 30 sec, repeated for 25 cycles; final extension at 72°C for

7 min. PCR products were purified using a QIAGEN quick Gel Extraction Kit (QIAGEN,

cat# 28706). PCR production from each sample was used to construct sequencing library by
using llumina TruSeq DNA Sample Preparation Kit. For each sample, Barcoded V4 PCR
amplicons were sequenced by Illumina Miseq platform. V4 of 16S rRNA amplification and
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Table 1. Correlation between feces and different Gl tract segments for genus abundance.

ileum(N = 6) cecum(N = 6) colon(N = 6) feces(N = 6)
jejunum(N = 6) 0.905 0.729 0.700 0.390
ileum(N = 6) 0.715 0.690 0.371
cecum(N = 6) 0.914 0.725
colon(N = 6) 0.757

Note: Six samples from each group were used to calculate correlation.

doi:10.1371/journal.pone.0117441.t001

sequencing service were provided by Personal Biotechnology Co., Ltd. (Shanghai, China). Se-
quence reads were eliminated if containing ambiguous bases, if average phred score was lower
than 25, if homopolymer run exceeded 6, if there were mismatches in primers, or if sequence
length was shorter than 100bp. Sequences that overlapped the region between R1 and R2,
when longer than 10 bp and without any mismatches, were assembled according to their over-
lap sequence. This step ensured to remove chimera. The sequence reads which could not be as-
sembled were discarded. Barcode and sequencing primers were trimmed from sequence reads.
Trimmed and assembled sequences were uploaded to QIIME for further analysis.

Taxonomy classification and statistical analysis

The trimmed and assembled sequences from each sample were aligned to the RDP 16S rRNA
training set 10 using the best hit classification option to classify the taxonomy abundance in
QIIME (http://giime.org/index.html) [13]. Bacterial operation taxonomic units (OTU) were
generated using the uclust function in QIIME (http://qiime.org/scripts/pick_otus.html). Ace,
chao, shannon index were calculated by mothur. Pie chart and 2d principle component analysis
(PCA) results on phylum and genus ranks were generated. Taxonomy abundance at the rank
of genus was normalized as follows: (1) The abundance count was transformed by log2.

(2) The mean of all transformed values was subtracted from each log transformed measure-
ment, and the difference divided by the standard deviation of all log transformed values for the
given sample. Normalized abundance was used to generate heatmap by Cluster3.0 and Java
Treeview, and to draw a 3dPCA figure for R (http://rgl.neoscientists.org/about.shtml). Correla-
tion was calculated using Excel. Table 1 lists median of taxonomy abundance of each group.

Microbial function prediction

Microbial function was predicted using PICRUSt [14]. The OTUs were mapped to ggl13.5 database
at 97% similarity by QIIME’s command “pick_closed_otus”. The OTUs abundance was normalized
automatically using 16S rRNA gene copy numbers from known bacterial genomes in Integrated Mi-
crobial Genomes (IMG). The predicted genes and their function were aligned to Kyoto Encyclopedia
of Genes and Genomes (KEGG) database and the differences among groups were compared
through software STAMP (http://kiwi.cs.dal.ca/Software/STAMP) [15]. Two-side Welch’s t-test and
Benjamini-Hochberg FDR correction were used in two-group analysis. ANOVA with Tukey-
Kramer test and Benjamini-Hochberg correction were chosen for multiple-group analysis.

Results
Shifts of microbiota along with body development

For the abundance of phylum in feces, Firmicutes was the most dominant phylum in all devel-
opment stages. However, for 1 month old pigs, the abundance of Firmicutes (73%) was
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Fig 1. Profiles of gut microbes in Gl tracts and feces at the rank of phylum. a, Composition structure of microbiome in feces at of 1, 2, 3, and 6 months of
age. b, Profiles of microbes in different Gl tract segments.

doi:10.1371/journal.pone.0117441.g001

significantly lower than that of the older pigs (> 90%). Conversely, the Proteobacteria was
16.3% in 1 month old pigs and was only about 2% in the older pigs (Fig. 1a). Compared to
Firmicutes and Proteobacteria, Bacteroidetes showed a dynamic pattern. The abundance of
5.1% at 1 month of age dropped to 0.9% at 2 months, and then increased to 2.7% and

4.9% at 3 and 6 months of age, respectively. After 1 month, Actinobacteria replaced Spiro-
chaetes to become the fourth dominant phylum, and it decreased to the fifth at 6 months of
age. The ratio of Firmicutes to Bacteroidetes was 4.48 at 1 month old, increasing more than
10-fold to 50.12 and 53.10 at 2 and 3 months of age, respectively, finally reaching 46.11 at

6 months of age.
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Fig 2. The principal components analysis (PCA) plot of samples from different ages, Gl tract, and feces. a, Samples from different ages. b, Samples
from feces and different Gl tract segments.

doi:10.1371/journal.pone.0117441.g002

On the genus level, ANOVA results revealed that 65 of 172 had significant differences at dif-
ferent ages (p < 0.05) (S3 Table). To be more specific in each genus, we further calculated mul-
tiple comparisons to show differences between each two ages (S4 Table).

PCA results illustrated the difference in distribution of microbiota at the four ages, and
1 month old pigs were distinctly different from other ages (Fig. 2a). On the other hand, the
Ace, Chao, Shannon index of 3 and 6 month old pigs were significantly increased compared
to 1 and 2 month old pigs, but the Simpson index was slightly lower after 2 months of age
(S2 Table). These results suggested that the richness and evenness of microbes in feces were
variational along development stage, especially in young pigs (1, 2 month).

Microbiota profiles in Gl tracts of adult pigs

Proteobacteria and Firmicutes were dominant phyla, making up more than 70% and about
20% of the microbiota in the jejunum and ileum, respectively. Conversely, in the cecum and
colon, the Firmicutes was most dominant (> 75%), and Proteobacteria was about 13% (Fig. 1b).

On the genus level, the PCA analysis clustered samples into the following three categories:
small intestine (jejunum and ileum), large intestine (cecum and colon), and feces (Fig. 2b).

Hierarchy cluster heatmap results confirmed the PCA results and also highlighted the par-
ticularly high or low genus in each intestinal segment using a blue frame (Fig. 3). ANOVA re-
sults suggested that 97 of 172 total genera showed significantly different abundance in GI tracts
(p < 0.05) (S3 Table).

In addition, we compared the enrichment genus of the small intestine with the large intes-
tine. As shown in Fig. 4, Escherichia (29.01%), Acinetobacter (20.22%), Enterobacteriaceae
Other (15.04%) and Psychrobacter (6.73%) were the top four genera in small intestine, while
the dominant genus in large intestine was Clostridiales (Clostridiales Others 33.89%, Rumino-
coccaceae Other 8.42%, Clostridium 8.22%). Blue, yellow, red, or purple genus represented the
following types of microbes: facultative anaerobe, aerobe, strict anaerobe, or
anaerobe, respectively.

Correlation analysis was conducted to identify the association among the microbiota in differ-
ent sections of the GI tract. As shown in Table 1, high relevancies were observed between
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Fig 3. Heatmap of hierarchy cluster results for the abundance of genus in feces and different Gl tract segments.

doi:10.1371/journal.pone.0117441.g003

jejunum and ileum (0.905) and colon and cecum (0.914). Moderate relevancies (0.69-0.73) were
observed between small intestine (jejunum and ileum) and large intestine (colon and cecum).

In order to investigate the difference in microbiota function between the small and large in-
testines, we performed functional analysis of microbes using PICRUSt. Microbiota in the small
intestine have lower abundance of functions involved in metabolic pathways such as
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Fig 4. Dominant genus in intestinal tract.

doi:10.1371/journal.pone.0117441.g004

PLOS ONE | DOI:10.1371/journal.pone.0117441 February 17,2015 6/13



@’PLOS | ONE

Gut Microbiota Changes with Ages and Gl Tract

metabolism of carbohydrates, nucleotides, energy, replication and repair, and metabolic
disease than those in the large intestine. The small intestine contained fewer immune system-
associated microbes, while large intestine contained fewer microbiota associated with immune
system disease and cancer (Fig. 5b).

Relationship of microbiota between feces and intestinal tract

By comparing microbes in feces with the different intestinal segments, we noticed that the pro-
files of microbes in feces were quite different from those in small intestine. The majority phy-
lum in feces was Firmicutes (> 90%), while Proteobacteria was the dominant phylum in the
small intestine (> 70%) (Fig. 1b). In the large intestine, composition of microbes were more
similar to feces both on phylum and genus levels than the small intestine (Fig. 1b, Fig. 2b).

The composition structure of microbiota displayed significant diversity between different
GI tract segments and feces. The correlation values ranged from 0.37 to 0.76. The small intes-
tine and feces microbiome communities were quite different (0.37-0.39), while moderately
similar between the large intestine and feces (0.73-0.76). Colon and feces showed the highest
correlation (0.76) (Table 1).

In terms of the strikingly different genera selected from Fig. 3 and S5 Table, aided by calcu-
lating the median and mean of microbial abundance, we discovered the difference between
feces and the GI tract (Table 2). The abundance of genera were mostly higher in the GI tract
than in feces. For example, in gut contents, Acinetobacter was 30 times higher than in feces. Al-
though some genera had lower abundance in feces, they were barely detected in the GI tract,
such as Olsenella (Table 2).

Comparing predicted microbial function between feces and gut contents, we detected signif-
icant enrichment in the metabolism of carbohydrates, nucleotides, energy, and replication and
repair in feces.(Fig. 5a). We also investigated microbial functions associated with disease such
as metabolic disease, immune system, immune system disease, cancer, and infectious disease.
Results suggested that feces contained fewer microbial functions than the small intestine for
immune system disease, cancer, and infectious disease but had more functions in metabolic
disease and immune function (Fig. 5b).

Discussion

In mammals, dominant phyla were Firmicutes, Bacteroidetes, followed by Fusobacteria, Proteo-
bacteria, Actinobacteria [16], but the proportion of each phylum was fluctuant and affected by
multiple factors such as animal species. According to our study, adult pigs conformed to this
result. Compared to humans, mice, and donkeys, adult pigs had more (>90%) Firmicutes in
feces [17-20]. Regardless of individual biological variation, in healthy humans, fecal Bacteroi-
detes were much higher than in pigs [21]. Thus, although the intestinal microbial composition
is not totally identical to humans, pigs can still be a good candidate for representing humans.
The flexible distribution of intestinal microbes was influnenced by the host beginning at birth
[22-25]. For mammals, during development, gut microbiota is influenced by genotype, gender,
and reaches stability at maturity. Gut microbiota is also affected by lifestyle on daily timescales
[17,26-32]. In pigs, our results demonstrated that the composition of fecal microbes changed
during pig development. Microbial profiles from 1 month old pigs were significantly different
from those from older pigs (2, 3, and 6 months of age) and had higher relevancy among 2, 3, and
6 month old pigs, which hinted the increasing similarity of gut microbes with each progressive
development stage. Porcine gut microbiota became relatively stable at 6 months of age. It had
been reported that the Firmicutes/Bacteroidetes ratio of the human microbiota changed with age
[33], and the same trend was observed in our swine study. It had been suggested that fat pigs had
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doi:10.1371/journal.pone.0117441.g005

more Firmicutes but fewer Bacteroidetes [3], especially fewer Bacteroides which were key at de-
grading carbohydrates [34]. The increase of Firmicutes with pigs’ growth, which we observed in
this study, was consistent with the significantly increased fat deposition in older pigs, compared
to 1 month old piglets. During development, the diversity and quantity of gut microbiota also in-
creased [33]. In our study, the changing diversity index of Ace, Chao, Shannon, Simpson indicat-
ed that the richness and evenness of microbiota at 1 month of age, followed by 2 months, with

a disparity when compared to 3 and 6 months of age (S2 Table). In the weaning transition, the
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Table 2. Comparisons between feces and different Gl tract segments for genus abundance.

Genus pooled pooled Gl tract content feces sig. sig. sig. sig.
(mean) (median) (median) (median) (jejunum) (ileum) (cecum) (colon)
Providencia 4.25 0 0 0 0.000547 0.000221 0.862458 0.938307
Rahnella 13.04545 1 2 0 8.58E-08 6.47E-07 0.224712 0.277698
Brochothrix 25 & 45 0 0.006243 0.000101 0.031317 0.003731
Proteus 57.86364 5.5 6.5 0 1.15E-05 1.07E-05 0.036618 0.173058
Myroides 115 7 9.5 0 0.00254 5.53E-06 0.010121 0.00869
Morganella 125.0909 11 16 0 2.14E-08 6.99E-10 0.000148 0.002104
Aeromonas 138.5227 12.5 16.5 0 2.21E-08 1.32E-10 0.000141 0.000197
Pseudomonas 172.3636 20 27 1 1.49E-08 1.87E-07 0.005102 0.011706
Weissella 297.3636 90 147.5 4 1.87E-06 2.15E-06 6.77E-06 0.000792
Peptostreptococcus  408.7273 46.5 68.5 0 3.92E-09 1.41E-10 1.87E-06 6.8E-07
Vagococcus 420.3864 73 110.5 0.5 1.01E-08 3.05E-09 1.15E-05 2.04E-05
Lactococcus 779.0682 186.5 377 0 9.63E-10 9.77E-08 1.86E-08 9.77E-08
Shewanella 801.75 58 83 0 1.46E-12 1.46E-12 9.77E-08 1.06E-07
Yersinia 894.2727 71 136.5 0 1.46E-12 1.93E-11 1.2E-07 2E-07
Enterococcus 1289.659 4415 809.5 80 0.01025 0.020908  0.005582 0.002058
Psychrobacter 1467.568 152.5 256 3 4.1E-10 2.21E-08 4.97E-05 0.000164
Acinetobacter 4816.75 422.5 671.5 20.5 1.98E-09 1.5E-07 0.000146 7.07E-05
Escherichia/ 7497.136 5249 7712 435 0.000559 0.003426  0.074166 0.116319
Shigella
Pseudoramibacter 1.068182 0 0 4.5 1.09E-05 6.42E-05 6.97E-07 2.1E-06
Butyricimonas 1.659091 1 0 4 3.51E-05 2.94E-05 7.24E-05 0.000353
Cloacibacillus 2.136364 0 0 7 1.56E-06 1.86E-06 1.06E-07 1.56E-06
Bifidobacterium 3.090909 1 1 5 0.001211 0.001844  0.01025 0.064708
Parabacteroides 4.409091 1 1 9.5 0.021855 9.56E-05 0.000856 8.24E-05
Enterorhabdus 7.795455 1.5 1 26.5 1.96E-06 2.41E-05 0.000221 0.00027
Chlamydia 17.43182 2 1 145 0.005194 0.536765  0.036199 0.014128
Olsenella 23.25 1.5 1 63.5 1.44E-09 9.69E-09 3.05E-09 1.17E-09
Sharpea 346.7727 0 0 26.5 0.000206 0.000821 0.000161 0.000353

doi:10.1371/journal.pone.0117441.t002

diet of the piglets was changed from highly-digestible milk to a less-digestible solid feed
(S1 Table). We speculate that besides the age factor, the stress of weaning and shift in food com-
position might contribute to the significant change in microbiota profiles, as reported [35-37].
Segmented distribution of gut microbes had already been reported in mice, pig, and chicken
in previous study [38-40]. In our study, distinct microbial communities between small intes-
tine and large intestine were also found, but the distribution of gut microbes in small intestine
did not agree with results in pig on the phylum level. This difference may be caused by porcine
species, age, feed, or husbandry. The small intestine is mainly responsible for food digestion
and absorption, while the large intestine, especially the cecum, which has high numbers of mi-
croorganisms, is related to microbial fermentation [41]. Food passes through the anterior intes-
tine quickly and is retained in the hindgut for several hours [42]. The porcine large intestine
contained a larger proportion of Firmicutes than small intestine, suggesting that the large intes-
tine, instead of small intestine, might undertake some tasks of fat deposition. Also, the results
from microbial function prediction suggested that the small intestine contained less microbiota
associated with the metabolic pathway than large intestine (Fig. 5). Because of this, we have
reason to believe that microbes in the large intestine undertake more metabolism tasks. The
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small intestine contained higher microbiota associated with infection, cancer, and the immune
system, indicating the pathogen invasion may enrich in this section of the gut. As the closest
segment to feces, the large intestine completed the final, lengthy processing of digesta [42].
From our perspective, feces shared the majority of microbes with the large intestine, which sug-
gests that after food digests in the small intestine, gut microbes were selected by the large intes-
tine, based on the digesta, to form feces. Acinetobacter, Escherichia/Shigella, Enterococcus,
which were dominant genera in the small intestine, formed the main gap between feces and in-
testinal microbiota. These results indicate that these genus mostly take part in digestion in the
small intestine, and microbes in feces were primarily adapted from the large intestine with

a high proportion of functions associated with metabolic pathways and metabolic disease with
a lower proportion of functions associated with cancer, and infectious disease. Our results sig-
nified that along host GI tracts, distribution of microbes was segmented at the demarcation
point of the small and large intestines. In particular, though microbial structure became stable
in the host at maturity and feces have a remarkable similarity with the large intestinal micro-
biome, feces cannot fully represent microbial profiles of GI tracts. This result suggests that
when treating bacterial infections caused by a pathogen using fecal transplant, the dynamic
shift of gut microbes along the intestinal tract needs to be considered, especially for the shift in
small intestine in case of bacterial preference in feces compared to intestinal contents. In con-
clusion, when using model animals to research the interaction between host and gut microbes
associated with health in the future, considering all segments of the intestine could be helpful.

Supporting Information

S1 Fig. The OTU diversity of different groups. a, OTUs of fecal samples from different devel-
opment ages (1, 2, 3, 6 months of age). b, OTUs of microbes in different GI tract segments. The
overlap regions showed the common OTU numbers among groups.

(TIF)

S2 Fig. The abundance distribution of different groups in gut microbes of different
taxonomic levels. a, Porcine feces grouped by age were enriched with different microbes. b,
Porcine GI tract contents grouped by segment was enriched with different microbes. Pie chart
showed the proportion separated by different subgroups.

(PDF)

S1 Table. Diet ingredients.
(DOCX)

$2 Table. Diversity index. Indexes of Chao and Ace showed the microbial richness of each
sample while indexes of Simpson and Shannon showed the uniformity of structure.
(DOCX)

S$3 Table. ANOVA results of different ages, feces and different GI tract segments at genus
rank.
(DOCX)

$4 Table. Multiple comparison of feces in different growth ages.
(XLSX)

S5 Table. Multiple comparison in different intestinal segments and feces.
(XLSX)

S6 Table. Correlation among different development stages for genus abundance.
(DOCX)

PLOS ONE | DOI:10.1371/journal.pone.0117441 February 17,2015 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0117441.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0117441.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0117441.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0117441.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0117441.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0117441.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0117441.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0117441.s008

@’PLOS | ONE

Gut Microbiota Changes with Ages and Gl Tract

Acknowledgments

We thank Yan Zhang and Christa F. Honaker for valuable comments to this manuscript.

Author Contributions

Conceived and designed the experiments: HM JZ. Performed the experiments: WZ YW JH ZZ
SL HW. Analyzed the data: WZ CH JW. Contributed reagents/materials/analysis tools: HM JZ
CH WFE. Wrote the paper: WZ JZ HM YW ]D.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, et al. (2006) An obesity-associated gut
microbiome with increased capacity for energy harvest. Nature 444: 1027—1031. PMID: 17183312

Guo X, Xia X, Tang R, Zhou J, Zhao H, et al. (2008) Development of a real-time PCR method for Firmi-
cutes and Bacteroidetes in faeces and its application to quantify intestinal population of obese and lean
pigs. Lett Appl Microbiol 47: 367-373. doi: 10.1111/j.1472-765X.2008.02408.x PMID: 19146523

Ley RE, Turnbaugh PJ, Klein S, Gordon JI (2006) Microbial ecology: human gut microbes associated
with obesity. Nature 444:1022-1023. PMID: 17183309

Sekirov I, Russell SL, Antunes LC, Finlay BB (2010) Gut microbiota in health and disease. Physiol Rev
90: 859-904. doi: 10.1152/physrev.00045.2009 PMID: 20664075

QinJ, LiY, Cai Z, Li S, Zhu J, et al. (2012) A metagenome-wide association study of gut microbiota in
type 2 diabetes. Nature 490: 55-60. doi: 10.1038/nature11450 PMID: 23023125

Conte MP, Schippa S, Zamboni |, Penta M, Chiarini F, et al. (2006) Gut-associated bacterial microbiota
in paediatric patients with inflammatory bowel disease. Gut 55: 1760-1767. PMID: 16648155

Pang X, Hua X, Yang Q, Ding D, Che C, et al. (2007) Inter-species transplantation of gut microbiota
from human to pigs. ISME J 1: 156—162. PMID: 18043625

Guilloteau P, Zabielski R, Hammon HM, Metges CC (2010) Nutritional programming of gastrointestinal
tract development. Is the pig a good model for man? Nutr Res Rev 23: 4-22. doi: 10.1017/
S0954422410000077 PMID: 20500926

Hopwood D, Hampson D (2003) Interactions between the intestinal microflora, diet and diarrhoea, and
their influences on piglet health in the immediate post-weaning period. Weaning the Pig: Concepts and
Consequences Wageningen, The Netherlands: Wageningen Academic Publishers: 199-212.

Li XQ, Zhu YH, Zhang HF, Yue Y, Cai ZX, et al. (2012) Risks associated with high-dose Lactobacillus
rhamnosus in an Escherichia coli model of piglet diarrhoea: intestinal microbiota and immune imbal-
ances. PLoS One 7: e40666. doi: 10.1371/journal.pone.0040666 PMID: 22848393

Bauer E, Williams BA, Smidt H, Verstegen MW, Mosenthin R (2006) Influence of the gastrointestinal
microbiota on development of the immune system in young animals. Curr Issues Intest Microbiol 7:
35-51. PMID: 16875418

Zhao L, Wang G, Siegel P, He C, Wang H, et al. (2013) Quantitative genetic background of the host in-
fluences gut microbiomes in chickens. Sci Rep 3: 1163. doi: 10.1038/srep01163 PMID: 23362462

Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Bushman FD, et al. (2010) QIIME allows analysis
of high-throughput community sequencing data. Nat Methods 7: 335-336. doi: 10.1038/nmeth.f.303
PMID: 20383131

Langille MGI, Zaneveld J, Caporaso JG, McDonald D, Knights D, et al. (2013) Predictive functional pro-
filing of microbial communities using 16S rRNA marker gene sequences. Nature Biotechnology 31:
814-+. doi: 10.1038/nbt.2800 PMID: 24535568

Parks DH, Beiko RG (2010) Identifying biologically relevant differences between metagenomic commu-
nities. Bioinformatics 26: 715—721. doi: 10.1093/bioinformatics/btq041 PMID: 20130030

Ley RE, Hamady M, Lozupone C, Turnbaugh PJ, Ramey RR, et al. (2008) Evolution of mammals and
their gut microbes. Science 320: 1647-1651. doi: 10.1126/science.1155725 PMID: 18497261

Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L, et al. (2005) Diversity of the human intesti-
nal microbial flora. Science 308: 1635—1638. PMID: 15831718

Rawls JF, Mahowald MA, Ley RE, Gordon JI (2006) Reciprocal gut microbiota transplants from zebra-
fish and mice to germ-free recipients reveal host habitat selection. Cell 127: 423-433. PMID:
17055441

PLOS ONE | DOI:10.1371/journal.pone.0117441

February 17,2015 11/13


http://www.ncbi.nlm.nih.gov/pubmed/17183312
http://dx.doi.org/10.1111/j.1472-765X.2008.02408.x
http://www.ncbi.nlm.nih.gov/pubmed/19146523
http://www.ncbi.nlm.nih.gov/pubmed/17183309
http://dx.doi.org/10.1152/physrev.00045.2009
http://www.ncbi.nlm.nih.gov/pubmed/20664075
http://dx.doi.org/10.1038/nature11450
http://www.ncbi.nlm.nih.gov/pubmed/23023125
http://www.ncbi.nlm.nih.gov/pubmed/16648155
http://www.ncbi.nlm.nih.gov/pubmed/18043625
http://dx.doi.org/10.1017/S0954422410000077
http://dx.doi.org/10.1017/S0954422410000077
http://www.ncbi.nlm.nih.gov/pubmed/20500926
http://dx.doi.org/10.1371/journal.pone.0040666
http://www.ncbi.nlm.nih.gov/pubmed/22848393
http://www.ncbi.nlm.nih.gov/pubmed/16875418
http://dx.doi.org/10.1038/srep01163
http://www.ncbi.nlm.nih.gov/pubmed/23362462
http://dx.doi.org/10.1038/nmeth.f.303
http://www.ncbi.nlm.nih.gov/pubmed/20383131
http://dx.doi.org/10.1038/nbt.2800
http://www.ncbi.nlm.nih.gov/pubmed/24535568
http://dx.doi.org/10.1093/bioinformatics/btq041
http://www.ncbi.nlm.nih.gov/pubmed/20130030
http://dx.doi.org/10.1126/science.1155725
http://www.ncbi.nlm.nih.gov/pubmed/18497261
http://www.ncbi.nlm.nih.gov/pubmed/15831718
http://www.ncbi.nlm.nih.gov/pubmed/17055441

@’PLOS | ONE

Gut Microbiota Changes with Ages and Gl Tract

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Costello EK, Lauber CL, Hamady M, Fierer N, Gordon JI, et al. (2009) Bacterial community variation in
human body habitats across space and time. Science 326: 1694—1697. doi: 10.1126/science.1177486
PMID: 19892944

Liu X, Fan H, Ding X, Hong Z, Nei Y, et al. (2014) Analysis of the gut microbiota by high-throughput
sequencing of the V5-V6 regions of the 16S rRNA gene in donkey. Curr Microbiol 68: 657-662. doi:
10.1007/s00284-014-0528-5 PMID: 24452427

Turnbaugh PJ, Hamady M, Yatsunenko T, Cantarel BL, Duncan A, et al. (2009) A core gut microbiome
in obese and lean twins. Nature 457: 480—484. doi: 10.1038/nature07540 PMID: 19043404

Penders J, Thijs C, Vink C, Stelma FF, Snijders B, et al. (2006) Factors influencing the composition of
the intestinal microbiota in early infancy. Pediatrics 118:511-521. PMID: 16882802

Penders J, Thijs C, van den Brandt PA, Kummeling |, Snijders B, et al. (2007) Gut microbiota composi-
tion and development of atopic manifestations in infancy: the KOALA Birth Cohort Study. Gut 56:
661-667. PMID: 17047098

Adlerberth |, Wold AE (2009) Establishment of the gut microbiota in Western infants. Acta Paediatr 98:
229-238. doi: 10.1111/j.1651-2227.2008.01060.x PMID: 19143664

Pfefferle Pl, Renz H (2014) The mucosal microbiome in shaping health and disease. F1000Prime Rep
6:11. doi: 10.12703/P6-11 PMID: 24592323

Zoetendal EG, Akkermans AD, De Vos WM (1998) Temperature gradient gel electrophoresis analysis
of 16S rRNA from human fecal samples reveals stable and host-specific communities of active bacte-
ria. Appl Environ Microbiol 64: 3854—3859. PMID: 9758810

Wei S, Morrison M, Yu Z (2013) Bacterial census of poultry intestinal microbiome. Poult Sci 92:
671-683. doi: 10.3382/ps.2012-02822 PMID: 23436518

Lozupone CA, Stombaugh JI, Gordon JI, Jansson JK, Knight R (2012) Diversity, stability and
resilience of the human gut microbiota. Nature 489: 220-230. doi: 10.1038/nature11550 PMID:
22972295

Poroyko V, Morowitz M, Bell T, Ulanov A, Wang M, et al. (2011) Diet creates metabolic niches in the
“immature gut” that shape microbial communities. Nutr Hosp 26: 1283-1295. doi: 10.1590/S0212-
16112011000600015 PMID: 22411374

David LA, Materna AC, Friedman J, Campos-Baptista MI, Blackburn MC, et al. (2014) Host lifestyle af-
fects human microbiota on daily timescales. Genome Biol 15: R89. PMID: 25146375

Vijay-Kumar M, Aitken JD, Carvalho FA, Cullender TC, Mwangi S, et al. (2010) Metabolic syndrome
and altered gut microbiota in mice lacking Toll-like receptor 5. Science 328:228-231. doi: 10.1126/
science.1179721 PMID: 20203013

Markle JG, Frank DN, Mortin-Toth S, Robertson CE, Feazel LM, et al. (2013) Sex differences in the gut
microbiome drive hormone-dependent regulation of autoimmunity. Science 339: 1084—1088. doi:
10.1126/science.1233521 PMID: 23328391

Mariat D, Firmesse O, Levenez F, Guimaraes V, Sokol H, et al. (2009) The Firmicutes/Bacteroidetes
ratio of the human microbiota changes with age. BMC Microbiol 9: 123. doi: 10.1186/1471-2180-9-123
PMID: 19508720

Arumugam M, Raes J, Pelletier E, Le Paslier D, Yamada T, et al. (2011) Enterotypes of the human gut
microbiome. Nature 473: 174-180. doi: 10.1038/nature09944 PMID: 21508958

Allen HK, Looft T, Bayles DO, Humphrey S, Levine UY, et al. (2011) Antibiotics in feed induce pro-
phages in swine fecal microbiomes. MBio 2: €00260-00211. doi: 10.1128/mBio.00260-11 PMID:
22128350

Looft T, Johnson TA, Allen HK, Bayles DO, Alt DP, et al. (2012) In-feed antibiotic effects on the swine
intestinal microbiome. Proc Natl Acad SciU S A 109: 1691-1696. doi: 10.1073/pnas.1120238109
PMID: 22307632

Boudry G, Peron V, Le Huerou-Luron |, Lalles JP, Seve B (2004) Weaning induces both transient and
long-lasting modifications of absorptive, secretory, and barrier properties of piglet intestine. Journal of
Nutrition 134: 2256-2262. PMID: 15333713

Gu S, Chen D, Zhang JN, Lv X, Wang K, et al. (2013) Bacterial community mapping of the mouse gas-
trointestinal tract. PLoS One 8: €74957. doi: 10.1371/journal.pone.0074957 PMID: 24116019

Choi JH, Kim GB, Cha CJ (2014) Spatial heterogeneity and stability of bacterial community in the gas-
trointestinal tracts of broiler chickens. Poult Sci 93: 1942—1950. doi: 10.3382/ps.2014-03974 PMID:
24931967

Looft T, Allen HK, Cantarel BL, Levine UY, Bayles DO, et al. (2014) Bacteria, phages and pigs: the
effects of in-feed antibiotics on the microbiome at different gut locations. ISME J 8: 1566—1576. doi:
10.1038/ismej.2014.12 PMID: 24522263

PLOS ONE | DOI:10.1371/journal.pone.0117441

February 17,2015 12/13


http://dx.doi.org/10.1126/science.1177486
http://www.ncbi.nlm.nih.gov/pubmed/19892944
http://dx.doi.org/10.1007/s00284-014-0528-5
http://www.ncbi.nlm.nih.gov/pubmed/24452427
http://dx.doi.org/10.1038/nature07540
http://www.ncbi.nlm.nih.gov/pubmed/19043404
http://www.ncbi.nlm.nih.gov/pubmed/16882802
http://www.ncbi.nlm.nih.gov/pubmed/17047098
http://dx.doi.org/10.1111/j.1651-2227.2008.01060.x
http://www.ncbi.nlm.nih.gov/pubmed/19143664
http://dx.doi.org/10.12703/P6-11
http://www.ncbi.nlm.nih.gov/pubmed/24592323
http://www.ncbi.nlm.nih.gov/pubmed/9758810
http://dx.doi.org/10.3382/ps.2012-02822
http://www.ncbi.nlm.nih.gov/pubmed/23436518
http://dx.doi.org/10.1038/nature11550
http://www.ncbi.nlm.nih.gov/pubmed/22972295
http://dx.doi.org/10.1590/S0212-16112011000600015
http://dx.doi.org/10.1590/S0212-16112011000600015
http://www.ncbi.nlm.nih.gov/pubmed/22411374
http://www.ncbi.nlm.nih.gov/pubmed/25146375
http://dx.doi.org/10.1126/science.1179721
http://dx.doi.org/10.1126/science.1179721
http://www.ncbi.nlm.nih.gov/pubmed/20203013
http://dx.doi.org/10.1126/science.1233521
http://www.ncbi.nlm.nih.gov/pubmed/23328391
http://dx.doi.org/10.1186/1471-2180-9-123
http://www.ncbi.nlm.nih.gov/pubmed/19508720
http://dx.doi.org/10.1038/nature09944
http://www.ncbi.nlm.nih.gov/pubmed/21508958
http://dx.doi.org/10.1128/mBio.00260-11
http://www.ncbi.nlm.nih.gov/pubmed/22128350
http://dx.doi.org/10.1073/pnas.1120238109
http://www.ncbi.nlm.nih.gov/pubmed/22307632
http://www.ncbi.nlm.nih.gov/pubmed/15333713
http://dx.doi.org/10.1371/journal.pone.0074957
http://www.ncbi.nlm.nih.gov/pubmed/24116019
http://dx.doi.org/10.3382/ps.2014-03974
http://www.ncbi.nlm.nih.gov/pubmed/24931967
http://dx.doi.org/10.1038/ismej.2014.12
http://www.ncbi.nlm.nih.gov/pubmed/24522263

el e
@ ' PLOS | ONE Gut Microbiota Changes with Ages and Gl Tract

41. DiBaise JK, Zhang H, Crowell MD, Krajmalnik-Brown R, Decker GA, et al. (2008) Gut microbiota and its
possible relationship with obesity. Mayo Clin Proc 83: 460—-469. doi: 10.4065/83.4.460 PMID:
18380992

42. Kohl KD, Miller AW, Marvin JE, Mackie R, Dearing MD (2014) Herbivorous rodents (Neotoma spp.) har-
bour abundant and active foregut microbiota. Environ Microbiol 16: 2869-2878. doi: 10.1111/1462-
2920.12376 PMID: 24373154

PLOS ONE | DOI:10.1371/journal.pone.0117441 February 17,2015 13/13


http://dx.doi.org/10.4065/83.4.460
http://www.ncbi.nlm.nih.gov/pubmed/18380992
http://dx.doi.org/10.1111/1462-2920.12376
http://dx.doi.org/10.1111/1462-2920.12376
http://www.ncbi.nlm.nih.gov/pubmed/24373154


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


