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Methods:

Brief Project Description

Male WT and Oggl -/- (OKO) (C57BI6 background) mice were fed a standard chow diet (Picolab
Laboratory Rodent Diet (5LOD), Purina Mills) for ~16 weeks. Starting at 12-14 weeks of age, animals
were individually housed for the diet studies. Fresh fecal samples were collected after 5 weeks of
feeding in individually housed setting (19-20 weeks total), frozen at -80C, and sent for 454 diversity
amplicon sequencing analysis.

Sequencing

Frozen fecal samples were shipped on dry ice to Molecular Research (Lubbock, TX). Total DNA was
extracted from murine feces using Mo-Bio Power Soil kit. Samples were analyzed by barcoded
amplicon sequencing (bacterial tag encoded FLX-Titanium amplicon pyrosequencing (bTEFAP)) as
described extensively (1, 2). In brief, the purified DNA was used as starting material for a single-step 30
cycle PCR using HotStarTaq Plus Master Mix Kit (Qiagen, Valencia, CA) and barcoded 16S primers
(variable region V1-V3 using primer pair 27F-519R) under the following cycling conditions: cyclel: 94°C
for 3 minutes; cycles 2-29 : 94°C for 30 seconds; 53°C for 40 seconds and 72°C for 1 minute; cycle 30
elongation step at 72°C for 5 minutes. Next, PCR amplicon products from different samples were
mixed in equal concentrations and purified using Agencourt Ampure beads (Agencourt Bioscience
Corporation, MA, USA). Finally, sample pools were sequenced utilizing Roche 454 FLX titanium
instruments and reagents and following manufacturer’s guidelines. We obtained a mean of 5450.5 +
280 (SEM) individual sequencing reads per sample (Min= 3781 Max= 6663).

Data processing

The Q25 sequence data derived from sequencing was processed using a proprietary analysis pipeline
(www.mrdnalab.com , MR DNA, Shallowater, TX). Sequences were first depleted of barcodes and
primers. Short sequences < 200bp, sequences with ambiguous base calls and sequences with
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homopolymer runs >6 bp were removed. Sequences were denoised and Operational taxonomic units
(OTUs) were defined via a clustering algorithm at 3% divergence (97% similarity). Singleton sequences
and chimeras were also removed (1-6). After data processing the average number of sequences for
each sample passing through to OTU classification was 3560 + 256 (SEM). Final OTUs were
taxonomically classified using BLASTn against a proprietary curated database derived from GreenGenes
(7), RDPII (8) and NCBI (www.nchi.nlm.nih.gov) and compiled into each taxonomic level into both
“counts” and “percentage” files.

Summary of Findings:

Microbial diversity

Alpha and beta diversity measures were calculated using the QIIME pipeline (QIIME 1.8.0) (9). Alpha
diversity is a measure of a specific sample’s richness or diversity. Alpha diversity was significantly
different (p<0.05) between the 2 groups for all metrics (Shannon, Chaol, observed species, and
phylogenetic diversity (tree based) at a sequencing depth of 1498. (For more information on these
diversity measures see the info tab in Sampath- alpha_beta_diversity analysis.xIsx).
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Figure 1- Alpha diversity measures (Chaol, Observed species, phylogenetic diversity, and
Shannon index) comparing WT and OKO groups. T-tests were used determine if two groups
were significantly different.

Beta diversity is the diversity between different treatment groups. Beta diversity analyses using
unweighted and weighted UniFrac distances clearly showed separation of the WT and OKO groups, and
greater diversity in the OKO group. The 95% confidence interval (shaded ellipse) is shown. For more
information on the UniFrac distance metric for community comparisons, please see (10).
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Figure 2. Beta diversity using unweighted and weighted UniFrac distances at an even depth
of 1000 sequences. Principal coordinates analysis (PCoA) of the first 2 coordinates of the
distance matrices are plotted and illustrate the phylogenetic differences between groups.
WT (red); OKO (blue). 95% confidence interval is shown by the shaded ellipse.
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% Abundance (see tables in Excel file- Sampath % abundance.xls)

Notably, there were only 37 operational taxonomic units (OTUs) identified in the fecal samples from all
the animals. These OTUs were classified into 6 phyla, 8 classes, 8 orders, and 18 genera. The %
abundance data tables are in an Excel file, which has separate tabs for each taxon level. In the bottom
table in each tab, statistical comparisons between groups were done in Excel by 2-sample Student’s t-
Test assuming unequal variances. In addition, for reference, at the very bottom of each sheet is the p-
value adjusted for multiple comparisons using a false discovery rate correction (labeled “FDRadjust”;
calculated in R). Stacked bar charts for each taxon are located in the “Charts” tab.

From normal C57BI/6 mice eating a standard chow diet, there are 2 predominant bacterial phyla (P) -
Firmicutes and Bacteroidetes (11-13). Together, they usually represent ~90% of all the bacteria within
a fecal sample. In this study comparing WT and OKO on a chow diet, in the WT group, Firmicutes and
Bacteroidetes (Firmicutes + Bacteroidetes (F+B)) represented nearly 100% of all bacteria in the sample
compared to only 79% for the OKO group. Notably, there was 1 animal in the WT group (WT.C12) that
appears to have a very different community structure from all the other WTs (possible outlier? This is
not that uncommon as | have also observed one or 2 C57BI6/) mice in a group on chow diet that have a
very different community structure than the others). Contributing to this lower overall F+B % in the
OKO group, there was a statistically significant decrease in the Firmicutes (p=0.036). However, the
Firmicutes/Bacteroidetes ratio (F/B ratio) (2.15 (WT) vs. 0.11 (OKQ)) was not significantly different
(p=0.28).

Since the Firmicutes and Bacteroidetes only represented ~79% in the OKO group (F+B), ~21% of the
bacteria were in phyla unique to the OKO group. The phyla Proteobacteria and Tenericutes were
exclusively observed in the OKO animals. Proteobacteria was significantly different between WT and
OKO (p=0.002) and there was a trend for a difference in Tenericutes (p=0.097). In addition, only 1 WT
animal vs all 6 OKO animals had representatives from the Tm7 (candidate group) phylum. While this
was not statistically significant due to the overall low abundance, the increased abundance of this
phylum has been associated with gut inflammation (14).
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Figure 3. Stacked bar graph depicting the contribution of each phylum to the total fecal
bacterial community in each group based on abundance. Phyla represented are listed in
legend on right.

At the class (C) and order (O) level, the differences between the 2 groups were dominated by
abundance differences in Proteobacteria phylogeny (Epsilonproteobacteria(C); Campylobacterales(O)
and Betaproteobacteria(C); Burkholderiales (O)).

Notably at the family level, there were substantial shifts within the order Bacteroidales between the
groups. These shifts do not statistically change the order abundances but the family members that
contribute in each group are quite different. We observed shifts in the families Porphyromonadaceae,
Bacteroidaceae, and Prevotellaceae.
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Figure 4. Stacked graph depicting the contribution of each family to the total fecal bacterial
community in each group based on abundance. Families represented are listed in legend on
right.

At the genus level, the most remarkable differences were in the abundances of Xylanibacter and
Prevotella, which are closely related genera in the family Prevotellaceae (Bacteroidetes (P); Bacteroidia
(C); Bacteroidales (0)). These 2 bacterial groups were found only in the OKO animals. Their presence
is often associated with intake of high fiber diets rich in cellulose and xylans.

Bacteroides (Bacteroidetes (P); Bacteroidia (C); Bacteroidales (O); Bacteroidaceae (F)) and Barnesiella
(Bacteroidetes (P); Bacteroidia (C); Bacteroidales (O); Porphyromonadaceae (F)) were dramatically
lower in the OKO animals. These 4 genera (Xylanibacter, Prevotella, Barnesiella, and Bacteroides) are
the contributors to the family redistribution mentioned above. Another notable genus was
Helicobacter (Proteobacteria (P); Epsilonproteobacteria (C); Campylobacterales (0)); Helicobacteraceae
(F)), which was also observed only in the OKO animals. Some species of Helicobacter have been
implicated in gastritis and stomach cancer. Parasutterella (Proteobacteria (P); Betaproteobacteria (C);
Burkholderiales (O); Sutterellaceae (F)) was another genus observed exclusively in the OKO group. Not
much has been reported about this genus, however, one group identified this genus as upregulated in
Fut2- mice (mice that lack terminal fucose residues in their gut mucin- thought to be important for
microbiota—mucus interactions) (15).
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Figure 5. Stacked graph depicting the contribution of each genus to the total fecal bacterial community
in each group based on abundance. Genera represented are listed in legend on right.

Principal Components Analysis (PCA)/Partial Least Squares Discriminant Analysis (PLS-DA)

Principal components analysis of the genus level data distinguished the 2 groups. Furthermore, partial
least squares discriminant analysis (PLS-DA) also showed a clear separation of the groups. Variable
importance in projection (VIP) values were obtained to identify the variables having the most
significant contribution to the separation of the genotypes in the PLS-DA. Variables that drove the
separation of the group (VIP scores >1) were the genera (Xylanibacter, Prevotella, Bacteroides,

Barnesiella, Parasutterella, and Helicobacter).
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Conclusion

We detected changes in the fecal microbial community of WT and OKO mice. At the genus level, the
presence of Xylanibacter, Prevotella, Parasutterella and Helicobacter in the OKO mice (completely
absent in the WT) were important contributors to the separation of the 2 groups. Members of
Prevotellaceae have been implicated in gut inflammation and colitis (13). Of note, Xylanibacter and
Prevotella have been associated with high fiber (e.g. hemicellulose) intake, which is not a component
of the rodent chow diet. Since all the animals are consuming the same diet, one possibility beyond a
strict genotype effect, is that the mice in the OKO group are exhibiting pica (eating cage material (wood
shavings, corn cob, etc) and that there is an additional layer of complexity to the gut microbiota
phenotype (a diet effect on top of a genotype effect). At the phyla level, Firmicutes were significantly
lower in the OKO group (with a slight but not significant increase in Bacteroidetes). The microbial
community of the WT animals was essentially composed of only 2 phyla (Firmicutes and
Bacteroidetes), whereas there was more diversity (additional phyla) in the OKO animals.

Important: Please remember the policy to acknowledge the UC Davis MMPC in your publications or
presentations of the work that was generated using UC Davis MMPC services.

Please include a statement in the acknowledgement section: Research was supported by NIH grant
U24-DK092993 (UC Davis Mouse Metabolic Phenotyping Center).
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