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Examples
of large
human
microbiome
research
Initiatives.

Programme Programme Programme focus Countries involved
perod
Mational Institutes of Health (MIH) 'Human  2007-2012 Develop community resources to support the LSA
Microbiome Project’ (HMP), phase one® field computational tools for sequence-based
F— analyses; experimental methodologies; clinical
protocols; microbial genome, whale
metagenome and 165 metagenome reference
databases; reference microbial culture collection;
as well as ethical, legal, social implications of
microbiome research. Included research on the
microbiomes of five major body regions (skin,
oral, nares, gastrointestinal (GI) tract, urogenital)
and sorme associated diseases/disorders.
European Commission (EC) 'Metagenomics 2008-2012 Research on the Gl tract microbiome. China, Denmark, France, Germany, ltaly,
of the Human Intestinal Tract' {(MetaHIT) The Metherlands, Spain, UK
pngrEmmE“ - - - |
Canadian Microbiome Initigive 2008-2002 Research on a variety of bady region Canada
microbiomes.
Irish government ‘Metagenomics of the 2008-2013 Research on the elderly Gl tract microbiome.  Ireland
Elderly’ (ELDERMET) programme™®
Six additional human microbiome research 2008-2002 Diversity of microbiome studies. Australia, China, France, lapan,

initiativest’
International Human Microbiome
Consortium (IHMC )2

MIH HMP, phase two™

2007 to present

2013 to present

DOI: 10.1038/NMICROBIOL.2015.15

Establish standards for the field and coordinate

international human microbiome research
activities.

Develop community resources to support the
field: computational tools for omics-based
functional data analysis; experimental
methodologies; clinical protocols, methods to
analyse longitudinal functional data from
micrabiome and host; also bicinformatics
approaches to organization of multiple
dataype databases. Research on the nares,
Gl tract and vaginal microbiomes.

Singapore, South Korea

Australia, Canada, Chinga, France,
Garmbia, Germany, Kazakhstan, Ireland,
Japan, South Korea, Spain, USA

USA
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Gut-brain hypothasis

h. Autism

1C. bolteae/ clostridia spores
Machanism unkown

2. Mood: deprassion, arcdiaty

Diseases influenced by

gut microbial metabolism

Asthrma 7 atopy
Hygiene hypothesis:
Exagematsd innate immune espores
Lpregulation of regulatory T cells
after capture of Ags by DCa

Diet high in red meat arnd animal fat

Low SCFA Y butyrate
. . . High fecal fats
lE.rﬁu:I-:-I.:a.-:terE. GEram +ve arganisms Low vitamin absorption
[Clostridia

I 7a dehyd meylating bacteria:

Colon cancer chelic acid —dewagchalic ackd {co-carcinogen)
in H,5 metabalizing bacteria

Hypartension 7/
i=charmic
heart
dizeasa

Biliary disease Altered enterohapatic circulation of bile

Altered xencbiotic / drug metabolism

Kinross et al. Genome Medicine 2011, 3

14

a.7. Paracetamol metabolism:

I predose wrinary p-cresol sulfate leads to | postdose urinary
", acetaminophan sulfate : acetaminophan glucuranida.
Bacterially mediated p-crasol generation and competitiva

a-sulfonation of p-cresol reduces the effective systemic capacity
to sulfonate acetaminophen.

Dsity F metabolic syndromea

| Bacteroidetes and 1A ctinobacteria in obese

Altered energy ¢ lipid metabalism

Higher relative abundance of glycoside hydrolases,
carbohydeEte-binding modulas,

ghycosyltansfemsss, polysaccharide lyases, and carbohydats
eatermsss inthe Bactsroide sz

TLR mediated

Peripheral vascular disease | |
L]

Result of metabaolic syndrome \
Altarad lipid deposition ¢ i
metabolism | v

Inflarmmatory bowel diseasa

(Y | Hygiena hypothesis
W | I | Altered immune response: TLR signaling
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BESLfE (Bar-headed goose) HIBFFE. 47 & 55 F) H
> BEELE SR ITHIE N ALE] > 20124, #tt 5t H IR R
(IUCN) FUNBEHIRILL 453, G 5E N
Least Concern. 20164, JEHi[EPR (Wetlands
5% | International) A4 ERFHEEECE #52,000-
| 60,000 H .




Who iIs there?
What are they doing?
Who Is doing what?

How are they doing it?

How can this be used to benefit host health?

http://dx.doi.org/10.1016/}.tim.2016.06.008
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S e 4 J Phylum Relative abundance
) _ Firmicutes 74.78%

s "':L«_-:'=='_"!l LN Yar ]1;1 angbo (Bramaputra) ’"EFG:UH :

= Mg e Tenshe (ramepuire) I e.aw Proteobacteria  7.84%
N Actinobacteria  7.49%
o~ ) ] Bacteroidetes 6.65%
*_ A e ;_:::_“ Gyangze /
Table 2. The relative abundance of core genera (100% core threshold) in each sample.
The relative abundance (%)

Phylum Genus F1_1 F1_2 F1_3 F2_1 F2_2 F2_3 F3_1 F3_2 F3_3 Average
Firmicutes Lactococcus 56.67 52.93 4.27 3.52 38.74 21.05 50.97 46.43 52.37 36.33
Firmicutes Bacillus 14.68 15.38 1.05 0.88 11.92 5.53 16.00 13.76 16.21 10.60
Proteobacteria Pseudomonas 6.27 7.10 0.32 0.26 4.85 1.83 6.73 5.70 6.62 4.4
Firmicutes Solibacillus 6.37 6.62 0.41 0.33 4.88 2.06 6.42 5.67 6.83 4.40
Actinobacteria Arthrobacter 4.38 5.58 0.37 0.34 4.30 1.74 5.55 468 5.45 3.60
Bacteroidetes Bacteroides 0.01 0.02 0.62 18.25 0.06 0.02 0.08 0.33 0.00 3.15
Firmicutes Streptococcus 1.99 2.03 2.05 0.13 1.56 0.83 1.84 1.57 2.30 1.59
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Ha DaTan wetland
A (Wlld bar headed geese)

GRERL

k - Qinghai Lake

H angyuan

m)( mg

Bird island Wild Animal Rescue Center
(semi-artificial breeding-bar-headed geese)

Xining City Zoo R
(artificial breeding bar-headed geese)

t = NI : ﬁ

The most abundant genus (% of phylum) of each phylum.

Phylum SAB Wild AB

Firmicutes Turicibacter (23.33%) Lactococcus (77.67%) SMB53 (51.00%)
Proteobacteria Pseudomonas (41.33%) Pseudomonas (77.00%) Escherichia (81.00%)
Actinobacteria Arthrobacter (29.67%) Arthrobacter (91.00%) —~

Bacteroidetes Bacteroides (59.00%) Myroides (44.33%) —~

Fusobacteria fFusobacteriaceae® (100%) - fFusobacteriaceae® (33.67%)

4 Family level, cannot be assigned to genus level.
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AR / Wild

[L] Replication, recombination and repair |

[D] Cell cycle control, cell division, chromosome ... E,

[G] Carbohydrate transport and metabolism }

[R] General function prediction only |

[C] Energy production and conversion —
[W] Extracellular structures |

[H] Coenzyme transport and metabolism =%
[F] Nucleotide transport and metabolism F=—F

[S] Function unknown /—2
[K] Transcription FP—/—7-2
[N] Cell motility By
[J] Translation, ribosomal structure and biogenesis FP——g—+"
[Y] Nuclear structure |
[U] Intracellular trafficking, secretion, and vesi... =
[P] Inorganic ion transport and metabolism ——
[B] Chromatin structure and dynamics |
[Q] Secondary metabolites biosynthesis, transport ... B
[M] Cell wall/membrane/envelope biogenesis P—7
[O] Posttranslational modification, protein turnov... ==
[T] Signal transduction mechanisms /——=

[E] Amino acid transport and metabolism |

[V] Defense mechanisms =+
[Z] Cytoskeleton |
[A] RNA processing and modification |
[1] Lipid transport and metabolism ==

0.0

Mean proportion (%)

95% confidence intervals

OOOQ%OOQQO§Q0§OODOOOOQOQO

= VS R A N T 37)

8.10e-3
0.016
0.020
0.021
0.022
0.038
0.047
0.059
0.073
0.091
0.114
0.139
0.165
0.174
0.176
0.220
0.226
0.228
0.238
0.257
0.264
0.293
0.370
0.598
0.907

11.2 -10-5 0 5 10 15 20 25 30
Difference in mean proportions (%)

p-value (corrected)

1]
"

» AR group:

1. carbohydrate transport and
metabolism (COG category [G])
2. energy metabolism (COG
category [C])

3. coenzyme transport and
metabolism (COG category [H]).

» Wild group:

1. chromosome partitioning
(COG category [D])

2. replication, recombination
and repair (COG category [L])
3. extracellular structures (COG
category [W])
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Table 1. The top 3 enriched KEGG pathways and corresponding top BLASTX hit organisms mn AR group.

Pathway Name KOs significantly abundant in AR group Top BLASTX hit organism in AR group
ko04974 Protemn digestion and absorption KO01278. dipeptidyl-peptidase 4 [EC:3.4.14.5] Bacteroidetes (98.84%)
ko00604 Glycosphingolipid biosynthesis - K12373. hexosaminidase [EC:3.2.1.52] Bacteroidetes (92.84%)

ganglio series
ko04142 Lysosome K01201, glucosylceranidase [EC:3.2.1.45] Bacteroidetes (75.09%)

K01205, o, N-acetylglucosaminidase [EC:3.2.1.50] Bacteroidetes (99.29%)

K01195, beta-glucuronidase [EC:3.2.1.31] Bacteroidetes (42.57%)
K12373, hexosaminidase [EC:3.2.1.52] Bacteroidetes (92.84%)
K01192, beta-mannosidase [EC:3.2.1.25] Bacteroidetes (73.63%)
K01186. sialidase-1 [EC:3.2.1.18] Bacteroidetes (85.21%)

K01134, arylsulfatase A[EC:3.1.6.8] Bacteroidetes (92.09%)
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Lipid metabolism

Metabolism of cofactors and vitamins

Energy metabolism

Nucleotide metabolism

Amino acid metabolism

Carbohydrate metabolism

I |
0 5 10 15 20
Percentage(%)

catalog

. Metabolism

. Genetic information processing

. Environmental information processing
. Cellular processes

. Organismal Systems

. Others
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(Breeding Patterns)

B S)e JE 0 2 L 2 %0 i 18 T B
(Gut microbiome) (COI’G gut microbe)
A (]l A B

(Wintering Flocks)

e Genus
lassif Phyl
Classification ylum (most abundant)
Firmicutes Lactococcus
. . uncultivation methods Proteobacteria  Pseudomonas
Metagenomic Sequencing (99%) Actinobacteria  Arthrobacter
Core Bacteroides
cultivation methods Bacteroidetes PrevoFeIIa
10/) Myroides
(1% Flavobacterium
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