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Metagenomics

* "the application of modern genomics
techniques to the study of communities
of microbial organisms directly in their
natural environments, bypassing the
need for isolation and lab cultivation of
iIndividual species.”

Chen and Pachter, 2005



Bullet points

* Culture independent
 Microbial communities

 Modern genomics



Culture-independent

* Historically, to characterize the
taxonomy, structure and function of a
microorganism, they were first isolated
from the environment and cultured in
the lab

* A metagenomic approach bypasses this
requirement by sequencing DNA that is
extracted wholesale from the
environment



The study of microbial communities
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Modern genomic techniques

* Fragments of DNA from the
environment are sequenced and then
analyzed with bioinformatics

— Assembly of fragments into longer
contiguous sequences (or not)

— Clustering based on sequence composition

— Comparison to sequences from previously
cultured organisms whose function is
kKnown



History of metagenomics

 Term coined by Handelsman in 1998

— Cloned DNA from soil into expression vectors in E.
coli - screened for biological activity

* Nearly complete genomes recovered from
acid mine drainage by Tyson in 2004

« Explosion of metagenomic sequencing
projects

— Sargasso Sea, human intestine, termite hindgut,
hot springs, GOS,
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Comparative metagenomics

Sargasso Sea #2
I— Sargasso Sea #4
Sargasso Sea #3
Whale fall #3
Whale fall #2
Whale fall #1
—————————— Minnesota farm soil
—————————— Acid mine drainage

I overrepresentation

I underrepresentation

..among predicted genes
in the environmental sample

Tringe et al, 2005
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glycosaminoglycan degradation
1,2-dichloroethane degradation
styrene (aromatics) degradation”
beta-lactam resistance

flagellar assembly

synthesis and degradation of ketone bodies
ribosome

photosynthesis

basal transcription factors
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two-component system

type Il secretion system

type IV secretion system
bacterial chemotaxis

Tl

S MM

sa|dwes unbioys
|P1USWIUOIIAUD 8



I overrepresentation

l underrepresentation

..among predicted genes
in the environmental sample

Functional profiling

Sargasso Sea #2
Sargasso Sea #4
Sargasso Sea #3
Whale fall #3
Whale fall #2
Whale fall #1
Minnesota farm soil
Acid mine drainage

T4SS



Assumptions

* All species are equally well represented
in the extracted DNA

— non-biased sampling of microbial diversity

 All of the extracted DNA is equally
represented in the sequenced library

— non-biased cloning and sequencing of the
metagenomic DNA



Creating a “simulated” environmental sample




ORGANISMS USED FOR THIS STUDY:
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ORGANISMS USED FOR THIS STUDY:

Organism GC(%) Size (kb)
Lactococcus lactis cremoris IL1403 35.7 2529
Lactococcus lactis cremoris SK11 35.9 2560
Pediococcus pentosaceus 37.4 1800
Lactobacillus casei 46.6 2959
Lactobacillus brevis 46 2349
Shewanella amazonensis SB2B 53 4306
Myxococcus xanthus DK 68.9 9139
Acidothermus cellulolyticus 11B 66.9 2445
Saccharomyces cerevisiae S288C 38 12096
Halobacterium sp. NRC-1 65.9 2014




Creating a “simulated” environmental sample

Count cells
using flow cytometry

Equal numbers of cells
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DNA prep 3 DNA prep 2
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* Enzymatic lysis * Qiagen Dneasy Kit
— Lysozyme — Alkaline lysis
— Proteinase-K — Bind DNA to column
* . — Wash column
— Elute DNA

« DNA extraction
— Phenol/cholorofm
— Ethanol precipitation
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Best Case Scenario

* \WWe know how many sequences we
should obtain from each organism

* We have the complete genome
sequence of each organism



Reference: Altschul, Stephen F., Thomas L. Madden, Alejandra A. Schaffer,
Jdinghui Zhang, Zheng Zhang, Webb Miller, and Dowid J. Lipman {19977,
"Gapped BLAST and PSI-BLAST: a new generation of protein database search

programs",

Query= FNIW7S8.g4 479 ]

Mucleic Acids Res. 26:3389-3482.

479 3CF
(479 letters)

Dataobaze: blast_db Al LMHembers

37 =equences; 42,684,328 total letters

Searching.done

Sequences producing significant aligrments:

gi 116332681 |ref |MC_B83497 .1| Lactobacillus brevis ATCC 367, com...
gi 116491318 | ref |NC_ARSEZ5.1| Pediococcus pentosoceus ATCC 26745, ..
gi 116493674 | ref |NC_ABEE26.1| Lactobacillus cozei ATCC 334, comp...
gi| 116518543 | ref [NC_BBEEZT.1| Lactococcus loctis subsp. creporvis

gi 15671932 | ref |[NC_BAZ662 1] Loctococcus loctiz subsp. lock
gi | 183756767 | ref |NC_BASATS . 1| Myxococcus xanthus DK 1622, o Ba S d § L ewee 5 o= #
gi [117927211 | ref |NC_ARERTE.1| Acidothermus cellulolyticus 1

=gi [116332681 |ref |WC_B63497.1| Lactobocillus brevis ATCC 36

Score =

genome
Length = 2291228

A6 bits {3563, Expect = 8.8

Identities = 3684372 (93%)
Strand = Plus / Minuz

Query:

Shijct:

Query:

Shijct:

Query:

Sbjct:

24 ccttaggatactotoctogactacctgtgtocggtitgoggtacag

FEECEEEETEE e e e e e e e e e e e e
Beeecd ccttaggotactotooctogoctocctgtgtoggttigoggtacag
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FEECEEEETEE e e e e e e e e e e e e
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144 cacgocttgtoocttagogataogoatttgactoeatcaccagactt

Score E
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THE
224
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MEtaGenome ANalyzer

by Damiel H. Huson and Stephan C. Schuster
with contributions from Alexander Auch & Ji Qi

www-ab.informatik uni-tuebingen.delsoftware/megan

mammoth_nr.meg - MECAN (version 0.23, built 20 Sep 2006)

cellular organisms 50032

root 512200

BGER48 cocgocttgtoocttogogotaogoatttgoctoatcaccogactt Taxa=70 ~

Protecbacteria 7881

Alphaproteobacteria 2034
Gammaproteobacteria 1622
deltajepsilon subdivisions 1163
Betaproteobacteria 1443
unclassified Proteobacteria 32
enwvironmental samples 2

Bacteria 23181

2ynclassified Bacteria 10
Bacteroidetes/Chlorobi group 1274
Planctomycetes 170

Spirochaetes 269

—

Firmicutes 1341

Deinococcus-Thermus 75

(CFusobacteria 35

ZAguificae 12

Chloroflexi 140

Cyanobacteria 382
Actinobacteria 4774

environmental samples 39

Thermotogae 259

Fibrobacteres/Acidobacteria group 236

Eukaryota 21444

Archaea 1149

j:o environmental samples 7

Chlamydiae/Verrucomicrobia group 69
Euryarchaeota 1041
Crenarchaeota 49

sNanoarchaeota 2
Viridiplantae 700
"Rhodophyta 2

————astramenopiles 5
— Alveolata 549

Cryptophyta 8
- JEunlenczoa 251

Reads=302692 Assigned=51220 MinSupport=2

= 1140 of 1140M




DNA prep #1
3 kb I i b ra ry R OShewanella amazonensis SB2B 376

OMyxococcus xanthus DK 1622 211

OPediococcus pentosaceus ATCC 25745 266

Lactebacillaceae 5
O Lactobacillus casei ATCC 334 483

Bacteria 0 Lacllobncillus 0

SRciomcliesd OLactobacillus brevis ATCC 367 407

cellular organisms 0

Lactococcis lactis 100 [—-—OLactococcus lactis subsp. lactis 111403 1572

root 0

;—O Lactococcus lactis subsp. cremoris SK11 57

OAcidothermus cellulolyticus 11B 1576

OHalobacterium sp. NRC-1 5

OSaccharomyces cerevisiae 514




DNA prep #2
3kb library reecasceio

Bacteria 0

OShewanella amazonensis SB2B 117

OMyxococcus xanthus DK 1622 504

Lactobacillaceae 0-

(O Pediococcus pentosaceus ATCC 25745 11

Lactobacillales O

cellular organisms 599

root 0

LacLobacillus 0
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OSaccharomyces cerevisiae 144

NO =~ aned ?
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INo hits 1090



DNA prep #3
454
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Alternative strategy for calculating
expected proportions

1. Extract DNA from pure
cultures
2. Quantify DNA

3. Calculate expected
proportions based on

ng of DNA added to
mixture
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Results based on cell counting
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Assumptions

* All species are equally well represented
in the extracted DNA

— non-biased sampling of microbial diversity

 All of the extracted DNA is equally
represented in the sequenced library

— non-biased cloning and sequencing of the
metagenomic DNA



Assumptions

 All of the extracted DNA is equally
represented in the sequenced library

— non-biased cloning and sequencing of the
metagenomic DNA



Test for over/under-representation
of functional categories

 Map reads to sequenced genomes

* Annotate reads based on which genes
they overlap

» Expected distribution of functional
categories = actual distribution in the
genomes



Future

Statistics to compare expected vs. observed
for any given organism

Investigate 599 “cellular organism”
assignments for Prep #2

How to do functional category analysis (or, is
this even interesting?)

Anything else?



