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Human Microbiome Project (HMP) Mission

Characterize the microbes and microbial
communities that inhabit the human body

http://nihroadmap.nih.gov/hmp/

http://hmpdacc.org/
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The HMP reference collection

Four Sequencing 300 ‘Healthy’ People/ Evolving
Centers |5(18) Body Sites Technologies
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Data . Pattern finding with 16S rDNA profiles
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Data lll. Inference finding with reference genomes

“Who’s got the teeth?”

Goal: Sequence 900 ‘reference’

bacterial strains isolated from the
human body

~ Makedonka Mitreva (WashU) referring to making sense of
WGS data collected from a non-gut sample
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A Catalog of Reference Genomes from
the Human Microbiome

The Human Microbiome Jumpstart Reference Strains Consortium*t

Science (2010) 328:994-999

178 bacterial genomes 550,000 predicted polypeptides
30,000 novel

M Gastrointestinal Tract 2 domains
M Oral Cavity 9 phyla
M@ Urogenital/Vaginal Tract 18 classes

H Skin
I Respiratory Tract

24 orders




HMP reference genomes at work!

Vol 4644 March 2010|doi:10.1038/nature08821

Relative abundance of 57 frequent
microbial genomes among individuals of
the cohort.
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HMP reference genomes at work

Current goal: Sequence 3,000
‘reference’ bacterial strains isolated
from the human body

Fraction recruited to
HMP genomes

Fraction recruited to
non- HMP genomes

Fraction not recruited

Higr



Who's next?

1) unknown species, novel phylogenic position;

2) strains implicated in a disease process;

3) previously known species, not yet sequenced;

4) known species, with previous genomes sequenced, but showing

high sequence diversity and/or significant variation in
phenotypic profiles.



Let the 16S rDNA profiles be our guide
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16S rDNA profiles from 15t 18 subjects

O aNMTINON OraNmMTLVON O-NMmYTON oO-ramsT o-vn
TR e R e e e e e e R e e e R TR et ta bt batate AN Nata Satatate
5LoE5066006666660l65006660665666665066l6606650665665666666l6665566566666666l656656654
COUOLLOLOUOLLOUOLLOUUILOLLULOOLLUULOLLOULOOULLOILULLOOULOLOULULOLOOULOUOILOLLUOLLOULLOUOUOLLOLUILLLULOLOUU
ORDER FAMILY GENUS ool v e Qv oo Ry e ] P B v v e e v v v e v ] v e v v e e e e el e} e v vy v ey v v vl v e v v e e e
spggooaonagguuaguagaoaganagnoagagpanagooaganagnaggpeaaanagauaaanagpaaanaas
R A R R R T
2222222229002 2229D 2222222 IJP I IIIIIIPIIIIII I
R R R R R R R R R R R R R T R R R R R R R R R R R R R R R MY R 1 R R R R R R R R R R R R R R R (R R R R R R R R R RO R R R TE] (R R RO R RO R RO R
Actinomycetales Actinomycetaceae Actinobaculum
Actinomyces I . .
Mobiluncus
Corynebacteriaceae Corynebacterium 'm . | | | I | ] Tl | |
Dermabacteraceae Dermabacter
Dietziaceae Dietzia
== “mom n
"
o m— = = ap =
e el -~ L]
= == .
= f:
[ R
.
e — . = u u = -
* Body site C s
" -
e ] ¥
i— il | |
'1%? i
- sites reduced to 5. main b d Slte
— q%erson -person variation o
i
T
"=
= = u . . . u
. i . Body sub-sites also exhibit distinct microbiomes
Relative Abundance Scale B E " " -
o me n
| 100% f— - | =
1
10% — 2
- =
- = 1 o
"
M e
u . o
- T
1% = .
N e L ] 3
] . "  —
1
. Oy S A
= = "
0.1% jmm - w - ] R G H h d f
= = - enera with no sequenced reference
" Mo i as on s smn o=
1 u
. ] o
) u
0.05% ] (O
i
]
0%
]
u
.
e mu I
—man
" L | =




What about diversity beyond the level of the genus?
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How diverse are these Prevotella?

<
2
2
>

SKIN

NARES

GUT

€1-1arans| |l
zL~1oarans
LL™1D3raNs,
oL_123rans
6_103rans
87123rans
£7103rans
9 me:m_r
§_103rans
¥~123rans
£7103rans
Z1o3rans
L_1Darans|,
ZL_153rans
91L7103reNns
sL_1darans
¥17103rans
€171arans|
zL~1oarans
LL™1D3rans
oL~123rans
6_123rans
gL
£7103rans
97103rans
S”103rans

|

SL 123rans|=
L 123rans
€17103rans
NFHPUm_dDm ]
LL 1D3rans

m GUT

I ORAL

I VAGINA

NARES
SKIN

7
w
=
o}
=
i
O
(a]
w
9
=
i
=2
o
w
v



The community makes this work

16S sequences from
Tom’s gut isolate
collection!

Higr



The community is critical
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Rapid progress

THEN NOW

178 bacterial genomes 1419 bacterial genomes

® Gastrointestinal Tract

M Oral Cavity

M Urogenital/Vaginal Tract
B Skin

I Respiratory Tract

What else?




Escherichia coli and the pan-genome

non-pathogenic uropathogenic

CFT073
8% ‘ \
39%
shared

18%

MG1655 (K-12)

EDL933 enterohaemorraghic

Welch, R. A. et al. (2002) PNAS 99:17020-17024



new genes
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Assessing the value of more genomes
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What about the ‘unculturables’?
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Pipeline for obtaining reference genomes
from uncultivated microbes for the HMP

Prioritized list of candidate microbes
based on 16S rRNA gene sequences

v

Develop 16S rRNA FISH probes
for isolating candidate cells

| 7

Obtain human
clinical specimens

v

Pre-process specimens
to enrich bacterial cells

FISH based isolation
by micromanipulation

Random flow sorting of cells

/

quality control assays:
PicoGreen
Agarose gel

J. Craig Venter

N S T

\

Amplify DNA from
single cells by MDA

\

Annotate MDA product by PCR
of 16S rRNA gene

\

Submit amplified DNA
to the BEI

I T U TE

Roger Lasken, JCVI



HMP Technology Development Initiative

Pl Name

Institution

Title

LLEN-VERCOE,

UNIVERSITY OF
GUELPH

FACS-MABE: a method to sort and enrich the as-yet uncultured bacterial
species from the human distal gut

RADBURY,
NDREW & HAN,
LIFF

=
|

LOS ALAMOS NAT
SECTY-LOS ALAMOS
NAT LAB

Species-by-Species Dissection of Microbiomes using Phage Display and Flow
Sorting

AVIS, RONALD ) . . : . .

R,AYNE e Isolation, selection, and polony amplification of single cells in a gel matrix
KTY Z, UT-BATTELLE, LLC- . . . . . .

OKTYe OAK RIDGE Functional Sorting of Microbial Cells From Complex Microbiota

ITCHEL NATIONAL LAB

REDR'CKS, FRED HUTCHINSON . . . . . .

AVID NEAL cAncer REsEARCHNOVe| cultivation methods for the domestication of vaginal bacteria

CENTER

SMAGILOV, . . Y

USTEM F heacs 7 |Confining single cells to enhance and target cultivation of human microbiome
LEws, KM e STERN G ulturing uncultivatable gut microorganisms

l\lELSON, JOHN

GENERAL ELECTRIC
GLOBAL RESEARCH
CTR

Tools for human microbiome studies

I’ODAR, MIRCEA

UT-BATTELLE, LLC-
OAK RIDGE
NATIONAL LAB

Targeted genomic characterization of uncultured bacteria from the human
microbiota

l?ELMAN, DAVID A

STANFORD
UNIVERSITY

Optimization of a microfluidic device for single bacterial cell genomics

CHMIDT,
HOMAS
ITCHELL &
OUNG, VINCENT

MICHIGAN STATE
UNIVERSITY

Cultivation and Characterization of Microaerobes from the Human Microbiome

SANDIA CORP-
ISINGH,ANUP S ST FISH 'N' Chips: A Microfluidic Processor for Isolating and Analyzing Microbes
ORTHEN G. nlERIRE U R : . .
p’ HOSPITAL OF Multi-Dimensional Separation of Bacteria

COTT

PHILADELPHIA

HANG, KUN &
O, YU-HWA

UNIVERSITY OF
CALIFORNIA SAN
DIEGO

—

An Integrated lab-on-chip system for genome sequencing of single microbial

cells
i';?@ 5



100 most wanted ‘uncultured’ bacteria!

Community profiles drive our hunt

- GITRACT
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What about eukaryotes? Viruses??

Yes and yes.
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Track progress, access data, collaborate, analyze...

Human Microbiome
Projects
Category Count

Blood
Bone
Ear
Eye

Heart

1= IN .lw NN |g

Lymph nodes
Oral
Skin

|w
-
w

Urogenital tract
Wound
Unclassified

= N l|§

1570

http://hmpdacc.org/

HMP Project Catalog http://hmpdacc.org/

* Relational data model

* Tracks project status

» Stores comprehensive metadata
* Links to public data resources

* Provides search/filtering options

The Human Microbiome Project (HMP) Catalog records
sequencing projects related to the NIH Human Microbiome

Project.

Ivletadata collected for sequencing projects complies with
the Genomic Standards Consortiumn MIGS/IVINS
minitnum information requirements.

The HWVIP Catalog is based on Genomes OnLine (GOLD)
resource and the IMG-GOLD system for collecting
genome and metagenome project information.

"
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Keep track of our progress

By HMP body isolation site

eakaown oy poaqy site

m

Airways -

Blood |
Eye
Gastrointestinal tract I I

Heart

None

I
ora ]
Skin I

Urogenital tract

. 0 40 80 120 160 200 240 280 320 360 400 440 4380
B airways ~ Blood  Eye

Gastrointestinal tract Heart ] None

Oral Skin Urogenital tract

JCVI | Baylor  Washu Broad other | unassigned total

Airways 1 21 9 23 0 91 145
Blood 0 14 21 0 1 3 39
Eye 0 0 0 0 1 0 1
Gastrointestinal tract 12 40 171 176 64 8 471
Heart 0 2 0 0 0 0 2
None 1 1 7 4 0 7 0
- 26 77 28 33 5 124 203

http://hmpdacc.org/ 24 18 73 5 2 163 285
lIrnnenital trart SR 4qQ S 2R 1 74 2728




Keep track of our progress

Search Field: /[ (®) is not empty ® empty | Quick Search

[ Advanced Search ] [ Export to Excel ]

HMP S NCEI NCEI Gene : - .
:'IDMB Organism Name = Body Site = Project leshlzg eoa Project Submission Genbank ID =) Count IMG!ZMP = Siqe:te:rcgg FundlngLSource Re itsrilor: =10
Status = D= Status = 2 s
Mycobactermm Level 2: X NIH-HMP A
0591 parascrofulaceum Urogenital tract Draft High-Qualty 31521 2 gg,:[ PESC Jampstart g;{icﬁm
ATCCEAA-514 Draft e Supplement ;
Mycoplasma ATCC
0592 fermentans Edward Oral Targeted 0 US4 NIH-HMP 15474
ATCC 15474
Mycoplasma hominis Gastrointestinal ATCC
0593 ATCC 23114 tract Targeted 0 UsSa NIH-HMP 3114
Mycoplasma hominis  Gastrointestinal ATCC
0594 ATCC 14207 tract Targeted 0 UsSa NIH-HMP 14207
L. Level 2: Washington NIH-HMP
psgs |Heisexacinerea Airways Draft  High-Quality 30469 6 ACDY00000000 2191 643886151 Univ, USA  Faumpstart AICC
ATCC 14685 » 14685
— Draft =) Supplement —
Heisseria elongata Level 2: Washington NIH-HMP ATCC
0598 glycolytica ATCC Aiverays Draft High-Quality 30471 4 ADEBFI0000000 Univ, USA  Fampstart m
29315 Draft = Supplement
Heisseria elongat .
0597 —"g—f“;‘imicz 2 Airvrays Targeted 0 US4 NIH-HMP
Neisseria flavescens Level 2: Washington NIH-HMP
0599 NEL30031/H210 Aivarays Draft Eigll-Quality 30473 & ACENODDODDDD 2595 643886198 Uthiv. UsSh iump‘stm . v
< ?
Count: 1294 HMP Master List

Contains a complete list of all Reference Strains along with detailed metadata about

each. Provides both “quick” and “advanced” search and download options.

http://hmpdacc.org/




HUMAN
MICROBIOME
PROJECT

Genome analysis at IMG

INTEGRATED MICROBIAL GENOM
HUMAN MICROBIOME PROJECT

Statlstics for Genomes by specific KEGG

e Category

KEGG Categories Gene Coun

B Amino Acid Metabolism

B Biosynthesis of Polyketides and Nonribosomal Peptides
Biosynthesis of Secondary Metabolites
Cancers

Find Genomes

Find Genes

Find Functions

Compare Genomes

Analysis Carts

MyIMG

Using | B Carbohydrate Metabolism
Cell Motility

Endocrine System 14
Energy Metabolism

B Glycan Biosynthesis and Metabolism
B Immune Disorders

B Immune System

HMP Genomes HMP Genome List for Project Category : Efﬁtxtz‘;::s
Category Projects The Integrated Microbic Gastrointestinal tract = M’:‘m,,m Transport
Gastrointestingl ract 83 Project (IMG/HMP) syst¢
HMP specific microbial ¢
e z availabrl)e genomes in IN SelectAll Clear All
Skin 3 Vol. 36, Database issue ) )
Al Genomes 52 Select D C Proiect || NCBI Project || .. ome 1d Genol [ Neurodegenerative Diseases
The currentversion of IV =] B D 11834 19655 | 641736205 | Alistipes putredinis DS| | o gmronfie Mzt?hs.m
IMG Genomes releasedin April2009. | ' |3/p| 13187 30747 | 642979323 | Anaerococcus hydroge Sii;al?x;nmtif“
- ] |B/D 11835 19657 | 641736103 || Anaerofustis stercorihc > -
. finishedidraft Total For more details, see W\ [ B D 10785 18213 | 641736227  Anaerostipes caccae D = i_m g fmqDeyadmm
liee L alsosee AboutllGand | ] B/D| 11836 19659 | 641736271 | Anaerotruncus colihon ranscription
T g — B B Translation
Archaea 563 59 B/ D| 10772 18163 | 640963023 ' Bacteroides caccae AT = —— - -
e w4 B/|D| 10786 18173 | 640963014 | Bacteroides capillosus | |- 2<enobiotics Riadadeadationand et lis i
. i . - B|/D 10773 20521 | 642791613 | Bacteroides coprocola M16, DSM 17136
— e, B D 13150 27831 642079370 Bacteroides dorei DSM 17855
Viruses 25240 — B D 13151 27827 642079334  Bacteroides eggerthii DSM 20697
Al Genomes  4354/536 | & o z s (T T TSI 216 oax B D 13152 27823 | 642979319 Bacteroides finegoldii DSM 17565
Genome by Metadata 3:: 201 136 B/D|| 10774 20523 | 642791621 | Bacteroides intestinalis 341, DSM 17393
s = B/D| 10783 18191 | 641380449 || Bacteroides ovatus ATCC 8483
IMG Stabstics i B/D| 13196 27825 | 642079337 | Bacteroides pectinophilus ATCC 43243
3 = B/D 13153 27820 | 642079351 | Bacteroides plebeius DSM 17135
: B|/D 11853 19859 | 641736106 | Bacteroides stercoris ATCC 43183 \
B/D| 10784 18195 | 641380447 || Bacteroides uniformis ATCC 8492
[ B|D 10769 18197 | 640063015  Bifidobacterium adolescentis L2-32
] B D 13231 20261 | 642079361 | Bifidobacterium angularum DSM 20098 Vitamins: (1,220, 9%)
[ |B|/D| 13234 30749 | 642079312 | Bifidobacterium catenulatum DSM 16992
] B/D|/ 10023 20555 | 641736189 | Bifidobacterium dentium ATCC 27678

http://hmpdacc. org/ e




HUMAN

MICROBIOME \Y KEGG Map (for Finding Missing Enzymes) Loaded
PROJECT 5 =
DACC i‘! ( ‘,-' [ Genes in Ba.cteroides. caccae ATCC 43185. THIAMINE METABOLISM
“_‘ I Enzymes with KO hits.
' 4-Amino-5-hydroxymethyl  4-ATIO-Z-MEMYES-
-~ e ’\ 2-methylpyrimidine phosphomethylpyrimidine
.|m9/ hmp °V - punsepeoten - >0—{ 6 -»0—{Z718—»0—{Z0T—+0
1-(5-Phospho- 4 : :
Find Genomes Find Genes Find Functions ( ( ) ) )_ _ imidazole (AIR)
Cysteine metabolism —+0 —— -
[Thil]-88H ( Tyrosine biosynthesis )|

Function Profile RIEIES
- Genome D7 171 1
4 4 6
HMP Genomes 16 1 2
Category Projects Bacteroides caccae ATCC 43185 B|l1)[1)1
Gasvoiniessnal ract @9 Bacteroides capillosus ATCC 29790 B/0 0 0
Oral 2 Bacteroides coprocola M16. DSM 17136 B/ 1 2 0
Skin 3 Bacteroides dorei DSM 17855 Bl 1| 1)1
Al Genomes 88 Bacteroides eggerthii DSM 20697 Bi[ 1| 1|[1
Bacteroides finegoldii DSM 17565 Bl 1| 1)1
B ER LRI Bacteroides intestinalis 341, DSM 17303 | B 1/ 1] 1
finishedidraft Total 1/ B -teroides ovatus ATCC 8483 B 111
— RIS 2B | B, teroides pectinophilus ATCC 43243 B/ 0 1 1
P BEEE | Bacteroides plebeius DSM 17135 B 1][2][1
Eukarva 1930 49 = . - :
Candidate Genes for Missing Function
Genome: Bacteroides caccae ATCC 43185
Function: (EC:2.8.1.7) Cysteine desulfurase.
oocy Cantitae | OIS ENDSIOT yongoq ' Gope | EnDDElr
e Product = Gene e st

(IMG Term) Gene

== (2817)»0

7’\ [ThiSTFO-AMP [Thi§]-CO 8H
g FI—>d o—|
1

7

Biosynthesis of steroids )— 1

Glyceraldelwle-3P

— 3O} 5-(2-Hydroxyethyl)-
| 4-methylthiazole
p———— »O—

| ¥

[Thi§ ]-CO §8-[ThiF] I Glycine T

- s ‘; \|1.4.3.19
1-Deoxy-D-xylulose O
S-phosphate

- —— — 0 L-Tyrosine ,—O
Imino-
[ ThH | TG |[ Thic |glbeine

Y
e S

4-Methyl-5-
(2-phosphoethyl)-
thiazole

10w o 1o 1o 1o 1o o 1w
IV
5

Alignme!
Percent
D C Genome Identit On

Bacteroides

Candidate  Homolog

nt Alignment Bit Confirmed
On E-value p

——— | Score byKO?

M | 641003708 | ByPothetical [ pey 4 4 16 643100180 CYSteine | EC2.8.1.7 | p/ | pectinophilis | 46 ¢ | s | s | 4.00e-101 | 370 | Yes

desulfurase. EC4.4.1.16
http://hmpdacc.org/
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