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Why the Human Microbiome?
"V le

Each human cell has the same protein-
encoding potential. Microbes are more
diverse and dynamic than human genome.

Human Microbiome Project (HMP) Goals:

Baseline to empower future clinical studies

: : M N
Assess microbial st ‘

diversity of 250 healthy
individuals at 5 sites
(gut, nasal, oral, vaginal
and skin)

T _I

2
{é} NIH Roadmap FOR MEDICAL RESEARCH
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HMP Research Goals

e Correlation of changes in microbial
communities with disease states.

e Sequence bacterial reference genomes

e Metagenomics, the analysis of the combined
coding potential of a mixed population.

e Explore ethical, legal and social implications
of this new field of research.
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HyperSaline mat diversity Guerro Negro, MX
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le genetic and level ina microbial mat
Victor Kunin, Jercen Rags, J Kirk Harris, John R Speas, Jeffrey J Walker, Natalia Ivanova, Christian von Mering, Brad M Bebout, Norman R Pace, Peer Bork & Philip Hugenholtz
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And human-
environment
diversity: shower
heads across USA

Fig. 1.  Fluorescence and SEM images of showerhead biofilm. (A-C) Epiflu-
orescence microscopy of biofilm samples stained with DAP; scale bars, 10 um.
(0-F) SEM micrographs of increasing magnification of in situ showerhead

Opportunistic pathogens enriched = - = oo =
in showerhead biofilms =

Leah M. Feazel®, Laura K. tner®, Kristen L. F , Daniel N. Frank®, J. Kirk Harris®, and Norman R. Pace®? 8
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TOPIC 1.
Bacterial Diversity: 16S rRNA gene
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Orange=rRNA;
Blue = small subunit proteins
Green = large subunit proteins

Secondary Structure: 16S small subunit ribosomal RNA

Bacterial Load:
gPCR wth primers in conserved regions
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16S gene was amplified using forward primer 63F
(5-GCAGGCCTAACACATGCAAGTC-3) and reverse primer 355R
(5-CTGCTGCCTCCCGTAGGAGT-3) to yield a 292-bp PCR product.
(Castillo M...Gasa J...2006)
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Calculating Bacterial Load

Human Bacterial DNA
DNA 300 pg 30 pg 3 pg

Ct copy # Ct copy # Ct copy #
0g 17.85 5482450 20.92 6951.93 2424 743.61
0.3ng 17.78 57575.00 20.83 6905.28 24.42 658.74

C, of qPCR of bacterial DNA to calculate relative bacterial counts
of each sampling method. The function used to calculate copy
number is as follows: C, = -3.42x +34.06; R? =0.99; where C, =
threshold cycle and x = log copy number.

*Swab yields 10,000 bacteria/cm?
Scrape yields 50,000 bacteria/cm?
*Biopsy yields 1,000,000 bacteria/cm?
Grice et al, Genome Research 2008
11

How to study microbial diversity

+ Fingerprinting: cheapest, but very limited (Anderson and
Cairney, Envir Microbiol 2004)

» PhyloChip or GeoChip: like microarray,

will be powerful to assess changes in diversity (when
predominate species enumerated) but like all Chips
will never find UNIQUE species (Wilson Appl Environ
Microbiol 2002 and He ISME J 2007)

» Sequencing: taxonomic classification and
function, dynamic range and compare multiple
complex samples.

For a SMALL study, SEQUENCE is limiting;
For a LARGE study, BIOINFORMATICS is limiting.

12
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PhyloChip to examine intestinal

microbiota in first year of life
Palmer, Relman, Brown 2007 PLOS Bio

—— ALPHA PROTEOBACTERIA
GAMMA PROTEOBACTERIA

—— HIGH G+C BACTERIA

—— SPOROMUSA & RELATIVES

—— EUBACTERIA & RELATIVES
BACILLI & RELATIVES
MYCOPLASMA & RELATIVES
CLOSTRIDIA & RELATIVES

—— BACTEROIDES & CYTOPHAGA

Great diversity between
infants and between time
points with ‘blooms’
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16S Bacterial rRNA gene conserved, variable and
hypervariable regions. Primers put into conserved
regions, phylogeny determined by variable regions,

‘species’ by hypervariable regions.
Full Length 16S Sanger

454XLR
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454XLR
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Base position in 16S rRNA gene

PRIMERS SIGNIFICANTLY DETERMINE MICROBIAL DIVERSITY
RECOVERED. CAN NOT A PRIORI COMPARE YOUR DATASET
TO SOMEONE ELSES IF DIFFERENT PRIMER OR
AMPLIFICATION CONDITIONS WERE USED
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How many reads do you need?
Depends on site diversity (slide
34,35) and taxonomic aim of study

« Sanger: Full-length 1.6 kb gives you a match to
a cultured isolate, 384 sequences/sample

» 454/Roche: 400 bp V1-V3 or V6-V9 region,
allows you to assign to genera, 3,000 reads/
sample

* lllumina: 100 bp tags (2x150 bp on MiSeq)
identify bacterial genera, not species (and
great for whole genome bacterial sequencing)

15

FIG. 1. Overall classification accuracy by query size (exhaustive leave-one-out testing using
the Bergey corpus). Numbers are percentages of tests correctly classified.

Applied and Environmental Microbiology, August 2007, p. 5261-5267, Vol. 73, No. 16
Naive Bayesian Classifier for Rapid Assignment of rRNA Sequences into the New Bacterial
Taxonomy - Qiong Wang,! George M. Garrity,%? James M. Tiedje,>? and James R. Cole!
Also see: Liu, DeSantis, Andersen and Knight, NAR 2008 16
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How to identify a bacterial
sequence and align sequences?

genomic B IA \ S l

Insects Nematodes Environmental

-
<3 NCBI

BLAST Microbial

Protozoa

Fungi Plants

BLAST with bacterial genomes (text table)

(
Enter your query sequence as Accession/GI or FASTA:

Select type of query and database or BLAST-program

Query: | DNA ) Database: | Genomic %) Both T2) Blast-program: [ blastn %) MegaBlast: @
You may change BLAST options
Expect: | 10 %) Filter | default %) Descriptions | 100 %) Alignments | 100 %)
Others
~Bacillales Lacobacilales
Others
Clostidia \/
Bactoridetes/Chlorobi Firmicutes
Nycoplasmas

__ Actnobacteria

Cyanobactena

—\| 2 Matches MANY sequences.

- V . Alpha Rickettsias

=ee /== Maybe your sequence is

| p.bm d. _ previously UNCULTURED?

. X sseria
T~ Buhodora 17

RDP Database http://rdp.cme.msu.edu/

* RDP 10.18 consists of 920,643 aligned and
annotated 16S rRNA sequences. Naive Baysian

classifier based on Bergey’s taxonomy. (Note: other
taxonomies such as Euzeby and NCBI exist).

» Tools: RDP classifier, Segmatch, Probematch

APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Aug. 2007, p. 5261-5267 Vol. 73, No. 16
7

0099-2240/07/$08.00+0  doi:10.1128/ AEM.00062-0°
Copyright © 2007, American Society for Microbiology. All Rights Reserved.

Naive Bayesian Classifier for Rapid Assignment of rRNA Sequences
into the New Bacterial Taxonomy"

. .2 .2 .
Qiong Wang,' George M. Garrity,"? James M. Tiedje,"* and James R. Cole'*
ROP HOME | ABOUT | ANNOUNCEMENTS | CITATION | CONTACTS | RESOURCES | RELATED SITEY | TUTORIALS/

RIBOSOMAL DATABASE PROJECT

(&1 8 SOR RS 280 4

BROWSERS | CLASSIFIER | LIBCOMPARE | SEQMATCH | PROBE MATCH | TREE BUILDER | PYRO | TAXOMATIC | SEQCART | ASSIGNGEN

RDP Release 10, Update 18 :: Jan 25, 2010 :: 1,358,426 16S rRNAs l”llﬂl

login
The Ribosomal Database Project (RDP) provides ribosome related data and services  cjte RDP's NAR article &
to the scientific community, including online data analysis and aligned and

annotated Bacterial and Archaeal small-subunit 16S rRNA sequences. 18 News
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RDP Pyrosequencing Pipeline

About the RDP's Pyrosequencing Pipeline

The Ribosomal Database Project's Pyrosequencing Pipeline aims to simplify the processing of large 16s rRNA
sequence libraries obtained through pyrosequencing. This site processes and converts the data to formats
suitable for common ecological and statistical packages such as SPADE, EstimateS, and R.

Data Processing Steps:

B Pipeline Initial Process - sort and trim the raw reads, filter low quality sequences.
B Aligner - align sequences using the fast, secondary-structure aware Infernal aligner.
B Complete Linkage Clustering - cluster sequences by the complete-linkage clustering method.

Formats for Common Programs:

SPADE Formatter - make a SPADE compatible input format.

R Formatter - make a R compatible input format.

EstimateS Formatter - make an EstimateS compatible input format. Can also be used with PAST.
Mothur: Column Distance Matrix - create a column distance matrix compatible with Mothur.
Mothur: Phylip Distance Matrix - create a matrix and sample group file compatible with Mothur's
LIBSHUFF function.

Analysis Tools:

Shannon & Chao1 Index - calculate Shannon Index & Chao1 estimator from a single sample file.
Rarefaction - calculate Rarefaction from a single sample file.

RDP Classifier - assign 16S rRNA sequences to our taxonomical hierarchy.

RDP LibCompare - compare two sequence libraries using the RDP Classifier] 9

Host Sequence Contamination

* Important when dealing with human-
derived samples

« Ethically, projects should attempt to filter
human subject sequences before
submission to public databases

« This is actually harder than it sounds

20
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Gordon: lean versus obese mice
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Also true in humans
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Figure 1| Correlation between body-weight loss and gut microbial ecology. a, Clustering of 16S
ribosomal RNA gene sequence libraries of faecal microbiota for each person (in different colours)
and time point in diet therapy (TO0, baseline; T1, 12 weeks; T2, 26 weeks; T3, 52 weeks) in the two diet-
treatment groups (fat restricted, FAT-R; carbohydrate restricted, CARB-R), based on UniFrac analysis
of the 18,348-sequence phylogenetic tree. b, Relative abundance of Bacteroidetes and Firmicutes. For
each time point, values from all available samples were averaged (n was 11 or 12 per time point). Lean-

Ruth E. Ley, Peter J. Turnbaugh, Samuel Klein,
Jeffrey |. Gordon 22

NATURE|Vol 444|21/28 December 2006

11
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Chimeras: PCR generated
(template switching)

=

Evaluate Accuracy:
— True Positives (TP): artificial chimeras flagged
— False Positives (FP): reference (non-chimera) flagged

23

How Do Chimeras Occur?

Incomplete extension of PCR,
Template Switching at Conserved Regions

Parent A

o
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Blast Reference 16S Database
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http://microbiomeutil.sourceforge.net

Microbiome Utilities Portal of the Broad Institute

¥ BROAD | - \‘/
NS INSTITUTE S =4 i

Genome Res. 2011 Mar;21(3):494-504.

ChimeraSlayer Detection Program

Compatible with near-full length Sanger sequences and shorter 454-
FLX sequences (~500 bp).

Given a candidate chimera query sequence, candidate parental
sequences of a chimera are identified by a homology search. The
ends of the query sequence are searched separately to identify
candidate parental sequences. ... Those candidate parents identified
by this alignment fitting procedure are tested in all pairwise
combinations as potential parents of the putative chimeric query
sequence using a modified Bellerophon-like algorithm.

Query
Sbjct
Query

Sbjct

225

212

278

272

How to align sequences?

ATTAGCTAGTTGGTAAGGTAACGGCT---TACCAAGGC-A-ACG-ATGCATAGCC-GACC

ATTAGCTAGTAGGTGGGGTAACGGCTCCATCCCTAGGCGAGCCGAATCCTTAGCCTGGTC

TGAGAGG-GTGATCGGCCACACTGGAACTGAG-ACACGGTCCAGACTCCTACGGGAGGCA

TGAGAGGAATGACCAGCCACACTGGGACTGAGAACACGGTCCAGACTCCTACGGGAGGCA

277

271

335

331

WANT TO USE A PROGRAM THAT TAKES 16S
STRUCTURE INTO CONSIDERATION. GAPS
ARE MORE LIKELY IN LOOPS THAN STEMS

26

April 25, 2012
Julie Segre, Ph.D.

13



NHGRI Current Topics in Genome Analysis 2012 April 25, 2012
Week 13: Microbes and Microbiome Julie Segre, Ph.D.

NAST and NASTier

fixed-width character alignment format

green

m &= gg ==, [ €D

—

Compare Search  Probes Align Trim  Download More Tools

W394-W399  Nucleic Acids Research, 2006, Vol. 34, Web Server issue
doi:10.1093/narlgkl244

NAST: a multiple sequence alignment server
for comparative analysis of 16S rRNA genes

T. Z. DeSantis™**, P. Hugenholtz?, K. Keller”*, E. L. Brodie', N. Larsen?, Y. M. Piceno',
R. Phan'* and G. L. Andersen™**

NAST-IEr

The NAST-iEr alignment utility (download) aligns a single raw nucleotide sequence against one or more NAST formatted
sequences.

The alignment algorithm involves global dynamic programming alignment to a fixed template sequences without any end-gap
penalty similar in principle to Pearson’s alignO program with a fixed template sequence containing arbitrary gap positions.

27

Silva Database (ARB): http://www.arb-silva.de/
Build a Phylogenetic Tree and Calculate Branch Length

silva: nm &

Home Browser Search List Aligner Download Documentation Projects FISH & Probes Shop Contact
RN ba: Latest
A comprehensive on-line resource for quality checked and aligned 30600
ribosomal RNA sequence data, free for academic use. EMBLISILVA release 99 skipped

SILVA provides comprehensive, quality checked and regularly updated  Qur next release will be EMBL/SILVA 100, expected for July/August.
databases of aligned small (165/185, S5U) and large subunit (235/28S,

LSU) ribosomal RNA (rRNA) sequences for all three domains of life 09.06.09

(Bacteria, Archaea and Eukarya). Next regular ARB/SILVA workshop already in August 2009!

SILVA are the official databases of the software package ARB. Announcement of the the next regular ARB/SILVA workshop on short
For more background information + notice! It will be held August 18 - 21, 2009 in Bremen, Germany.

Pruesse, E., C. Quast, K. Knittel, B. Fuchs, W. Ludwig, J. Peplies, and F. O. Glockner.
SILVA: a comprehensive online resource for quality checked and aligned ribosomal
RNA sequence data compatible with ARB.

Nuc. Acids Res. 2007; Vol. 35, No. 21, p. 7188-7196

Nucleic Acids Research, 2004, Vol. 32, No.4  1363-1371
DOI: 10.1093/mar/gkh293

ARB: a software environment for sequence data

Wolfgang Ludwig®, Oliver Strunk, Ralf Westram, Lothar Richter, Harald Meier’,
Yadhukumar, Arno Buchner, Tina Lai, Susanne Steppi, Gangolf Jobb', Wolfram Forster',
Igor Brettske, Stefan Gerber, Anton W. Ginhart', Oliver Gross, Silke Grumann',

Stefan Hermann', Ralf Jost', Andreas Konig', Thomas Liss', Ralph LiiBmann',

Michael May', Bjorn Nonhoff', Boris Reichel’, Robert y i
Norbert Stuckmann’, Alexander Vilbig', Michael Lenke', Thomas Ludwig? Amdt Bode'

and Karl-Heinz Schleifer 28
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29

visualized at the terminal
nodes of the “unfolded'
Desulfohalobiaceae.

Defining Taxonomic Groups by

sequence similarity: DOTUR,
SONS and MOTHUR
http://www.mothur.org

Download Wiki Forum

Welcome to the website for the mothur project, initiated by Dr. Patrick Schloss and
his software development team in the Department of Microbiology & Immunology at
The University of Michigan. This project seeks to develop a single piece of
open-source, expandable software to fill the bioinformatics needs of the microbial
ecology community. In February 2009 we released the first version of mothur, which
had accelerated versions of the popular DOTUR and SONS programs. Since then
we have added the functionality of a number of other popular tools including
s-libshuff, TreeClimber (i.e. the parsimony test), UniFrac, distance calculation,
visualization tools, a NAST-based aligner, and many other features. If you would

30

April 25, 2012
Julie Segre, Ph.D.
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OTU: Operational Taxonomic Unit

Cluster Sequences Based on Furthest Joining Method; i.e.
Every sequence is at most X% different from every other

sequence in the group M0 e
% identity within group T T ]
determines the number of E 0o ¢ o= 10 Ditrene é,pi‘? ]
OTUs produced. This : 8 f J.I'VI 53¢
should be done on the S wf 1 328
TOTAL dataset. Most g Wb 4}?14 A
experiments classify at the ~ WF _H_HH{-H'*}H&H{-H _
97% or 99% identity. +1t

’ 0 2‘0 4.0 6.0 8.0 1:10 I;O 140

APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Mar. 2005, p. 1501-1506
0099-2240/05/$08.00+0  doi:10.1128/ AEM.71.3.1501-1506.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Number of Sequences Sampled

Introducing DOTUR, a Computer Program for Defining Operational
Taxonomic Units and Estimating Species Richness
Patrick D. Schloss and Jo Handelsman* 31

Comparing Bacterial Diversity:
Community Membership & Structure

GrpA | GrpB Community
Membership
h 60 50 (Categories of fruit in

common)
‘ 34 >0 =2/5=0.4

(Pieces of fruit in

common)
@l 2 | 0 |

\// | 2 0 Community
Structure
O 2 0

32
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Community Membership:
Pups are most like their mothers

Animal Sex Genotype Sequences Chao1Richness

Name Sampled Estimate (95% CI)
M33 Female  +/+ 192 >103 (71-195)
Mother3  Female  ob/+ 266 >180 (142:257)
M3 Male +4 189 +189 (104-428)
M3-2 Male  ob/+ 196 >117 (87-189
Mi-1 Female  ob/ob 235 >262 (147-557)
M3 Male  ob/+ 229 >131 (97-208
M2 Male  ob/ob 194 >106 (81163,
Mother1  Female  ob/+ 402 >217 (166-316)
Mi-4 Female  +/+ 182 95 (74-149)
M5 Female  ob/+ 183 >160 (113-264)
M2A-1 Female  ob/ob 123 94 (69-157)
M28-2 Male  ob/ob 262 >126 (107-167)
M2A-2 Male  ob/+ 99 58 (46:90)
M2A3  Female  ob/+ 285 150 (121-210)
M2A-4  Female  ob/+ 194 >163 (116-:267)
M28-1 Male +14 313 105 (87-148
M28-3 Male  ob/ob 24 >162 (113-275)
M28-4 Male  ob/ob 279 >157 (112:261)
0.10 Mother2  Female  ob/+ 258 >251 (184-381)
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Oct. 2006, p. 6773-6779 Vol. 72, No. 10

0099-2240/06/$08.00+0  doi:10.1128/AEM.00474-06
Copyright © 2006, American Society for Microbiology. All Rights Reserved.

Introducing SONS, a Tool for Operational Taxonomic Unit-Based
Comparisons of Microbial Community Memberships and Structures
Patrick D. Schlosst and Jo Handelsman* 33

Community Structure:
Pups cluster according to genotype

—— St14teo-q

—— st14wo-3

St14meo2

WT1

WT2

WT3

Scharschmidt et al. JID 2009
34
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