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Diet, Genetic Factors, and the Gut
Microbiome in Crohn’s Disease

COMBO: Cross-Sectional Study of Diet and
Stool Microbiome
CAFE: Controlled Feeding Experiment

Study virome under controlled feeding



COMBO

97 subjects, assess diet with food frequency
guestionnaire, 24 hr. recall questionnaire
454 tag sequencing of 16S regions

m Association of nutrient intake with species proportions(RECALL)
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Conclusions from COMBO

*At an FDR of 25%, ~30-40 nutrients correlated with changes
In bacterial populations

«Correlations between food groups and Pyla detected, but
considerable divergence among deeper taxa

«Correlated effects on microbiome among BMI, dietary fat,
and percent calories from saturated fatty acids

*Though effects were significant, measured dietary effects
accounted for a small fraction of the total variation among
subjects

Follow up in CAFE: 1) fat versus fiber, 2) total calories



CAFE1L: Controlled Feeding Experiment

e 10 healthy volunteers

 Randomized to high fat vs. low fat diet

« 10 day inpatient stay with same meals each day
« Caloric intake adjusted to maintain current weight
« Dally stool sample collection

* Rectal biopsies on days 1 and 10

e Sitz marker study to assess transit time

e Sequencing:. 16S tags, shot-gun metagenomic
sequencing of total DNA and viral DNA, targeted
analysis of Archaea and Eukarya



Longitudinal analysis of microbiome under controlled feeding
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Conclusions from CAFE 1 and 2

Inter-individual variation predominates.

eBacterial populations change within 24 hours of initiating
controlled diet.

*High fat versus fiber has detectable effect (CAFEL),
Increased calories has detectable effect (CAFE2).

«Considerable longitudinal drift during stay in hospital in
all groups. Specific vitamins? Hospital environment?



Approaches to virome analysis

Multiple possible goals:
eCharacterize overall viral communities
Hunt for new viruses linked to disease

*Characterize populations of a specific virus



Viral Analysis on CAFE1 samples

Purification of viral particles: filtration, CsCl gradient, DNAse digestion.
Quantitative recovery of phage A analyzed as a control

Greatly reduced 16S rDNA

Multiple displacement amplification

Shot-gun sequencing, 454 Titanium, 992,309 reads, median length 380 nt

PID Dayl 2 3 4 5 6 7 8 Diet

2011 X X Low
2012 X X X Eat Sybr gOId
ow T
. staining
2016 X X X X High
Fat
2020 X X X X Low
Fat
2019 X X High
Fat
1013 X Ad lib

100 phage per gram of stool

Sam Minot et al. 10



Assembly of viral sequence reads

Newbler assembler

40bp overlap

90% seqguence identity
7,175 contigs >500 bp
86.6% of reads in contigs

Custom code to allow circular
assembly

PHACCS: median species
richness 44 (range=19-785)

#Reads

3000 5000 7000

0 1000

B Circular
O Linear

Length (kb)

35 45

11




[} Phage metagenomi

€ (] ﬁ_ﬂg http

Phage metagenomics

(=]

je_metagenomics/#details

microb215.med.upenn.edu/coi-bin/g

[t
1

Showing 46.04 kbp from contig07718, positions 1 to 46,043

B Instructions
Searching: Search using a sequence name, gene name, locus, or other landmark. The wildcard character * is allowed.
Navigation: Click one of the rulers to center on a location, or click and drag to select a region. Use the Scroll/Zoom buttons to change magnification and position.

Examples: contigl0012.

[Bookmark this] [Upload your own data] [Hide banner] [Share these tracks] [Link to Image] [High-res Image] [Help] [N

B Search
Landmark or Region:
contigl7718 Search
Data Source
Phage metagenomics 5 Scroll/Zoom: <4< Show 46.04 kbp|=] ' 2 ?? [CIFlip
B Overview
contigh7718
| ! | |
oK 10k 20k 30k 40k
B Details
| | | |
ok 10K 20k 30k 40k
EEH ORFs
= e e
e e |
a =
B E A Blastp-vidb
pEpA - pheumococcal surface protein A [Streptococcus pheumoniae TIGR41 (WFOLTZ)
ORFE1 - putative reverse transcriptase [Escherichia coli 5361 WC1760 - helicase
SF2975 - orf iagh - cell inwazion protein [Salmonella enterica C(serovar tgphimuriumd LT21 CVFOL1E0
=
ipgF - IpgF fhlAa - formate hydrogen-luase tranzcriptional activator for FdhF
yzaH - Y=zaH [Yerszinia enterocolitica A1271
B EH Blastn-nt
uncultured bacterium
uncultured
|
B £ | Blastrps-Pfam
pFamlo07E_OUFZ2313_Uncharacterizedproteinconse.. .  pfamO0d76_ONA_pol_A_DNApolumerazefamilud.  pFam0d233_Phage_Mu_F_PhageMuproteinFlikepr.
pFam03d06_Phage_fiber_Z_Phagetailfibrerepeat... pfam0l507_PARS_reduct_Phosphoadenosinephosphos...  pfam(d95d_Phage_sheath_1_Phag
pFamOo07S_RYT _1_Reversetranscriptase(RNA-depe. .. pfamd5272_WirE_Virulence-associatedproteinE.... pfamold76_LysH
pFamloo30_0UF 2272 _Uncharacterizedproteinconse. .. pFamS7 74 _YRE_MUC_WRR-MWUCdomain . pfam9393_0UFZ00l_Protein
i
pfand0665_rve_Integrazecoredomain. Integrase. .. pfamd3592_Terninase_2_Terminasesmallsubunit.... pFamodd
=
pFandlddd_SLT_TransglucosylaseSLTdomain.Thi. .. pFand5133_Phage_prot_Gpd_Phageportalprotein_. ..
[ =
pFamd2993_MCPYI_MinorcapsidproteindI . This. .. pFandagl0_Phage_GR20_Phageminorstructur.
1
pFam0de5z_DUFe0S_Ytallike VtaloWPS20-agsoci.. . pFanOSE90_kkd_Phagexskal
i
pFram0dd652_DUFE05_Ytallike Mtal(VPS20-associ... pfamia954_Phe
[ =
pFamd 7462 _MSP1_C_MerozoitesurfaceproteinliM... pfamlogdd_[
b [
pfamlo9z26_0UF 2500 _Proteinofunknownfunctiond. .. pfanloedd,
[

pfamlo9dl_OUF2515_Proteinofunknownfunctiond. ..

»

m

12



Mise fye

M'-“: fkﬂ Berny Bast +




Gut virome characterization
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Also found 22 CRISPR arrays, one example of CRISPR spacer targeting another virus in

the same individual
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Comparative metagenomics
vViruses are parasites
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Lysogeny
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Interpersonal variation

 Rows: samples

e Columns: contigs

e Clustering by
individual
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Variation associated with
subject and diet

Between Subjects Within Subjects
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Procrustes analysis: covariation of
host and viral communities

PC2 (14%)

PC3 (12%)

PC1 (28%)



What determines phage
abundance?

 Abundance of host?
e Lysogenic induction?

sulbject
L1
| 2
H1
H2
|3

Phage
abundance

smefjna-g

Host abundance

In some cases the abundance of phage does not correlate with apparent
abundance of host: possibly indicative of differential induction?



Summary

Variation in both bacterial and viral communities
dominated by interpersonal variation

Dietary intervention associated with altered
composition of both bacterial and viral communities

Metagenomic analysis over six subjects yielded 7000
viral contigs; 19-785 types per sample (minimum
estimate)

Both expected and novel functionality, one example
being viral CRISPRs targeting other viruses
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