Metagenomic Analysis



Outline

Gene targeted vs. random
approaches

Diagnostic versus ecological uses
Case study

mg-RAST

MEGAN demonstration




Gene Targeted and Random Shotgun Approaches



16s rRNA

a section of prokaryotic DNA
found in all bacteria and archaea
encodes the small subunit of the
ribosome

1.5 kb

conserved and hypervariable
regions

used for decades in clinical
microbiology and studies on
bacterial evolution

used extensively in metagenomic
studies
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targeted - 16s rRNA

—

AATGTGTTCGTACGTACGGCALTTTCNGCATTCTGACAGTALG
AATCTGTACGTACGTTCGGCACTATCNGCATACTGACAGTALG

AATGTGTACGTA"TACGG A TATCNGTATATT CAG'A'G = Operational Taxonomic Unit

AATGTGTACGTACGTACGGCACTTTENCCATACTGACAGTA
ATTGTGTACGTACGTACGGCACTATCNGCATACTGACACTALG

TGTCCTCTGGTATGUACGGLACTTTTTGCATACTGACAGTACGA =

TCTCCTCTGGTATGCACGGLACTTTTTGCATACTGACAGTALGA
TGTCCTCTGGTATGUACGGLALTTTAAGEATACTGACAGTALGA
TGTCCTCTGUTATGCACGGCACTTTTTGCATACTCACAGTACGA
TGTCGTCTGGTATGCACGGLACTTTTTGCATACTGACAGTALGA
TGTCGTCTGGTATG ACGG ACTTTTTGCATACTCACAGTACGA
TGTCGTCTGGTAAGUACGGACTTTTTGCATACTGACAGTALGA
TGACCTCTGGTATGCACGGACTTTTTGCATACTGACAGTALGA

Database search

Escherichia coli

= Operational Taxonomic Unit

Database search

TGTCCTCTGGTATGUACGGLALTTTATGCATACTGACAGTACGA

No hits

|

Not Eschericia coli



Helicobacter pylori

Random sequencing

ATGUCTACTGACTGACTACGTACCACTAGEACTATCNAG

ATGUGTACTGACTGACTTCGTTCGACTAGCALT Campylobacterjejuni
ATGCGTACTCACTGACTACGTACGALTAGACTATCNAG

TTATACCTTACTGACTTTTACTGACTACTTAGCACTATACTCCACT

TACTACCTTNCTGACTTAAACTGACTACTTAGCACTATT .
TTTTACCATACTGACTTTAACTGACTACTTAGCACTATTCTCCTACTATA Campy/obacter coli

TTATACCTTACTGACTTTTACTGACTACTTAGCACTATA
TTATACCTTACTGACTTTTACTGANNNATAGCACTATACTACTACT

AGCTACCTTACTGACTTTTACTGNACTTAGCACTATACTCCACTA /
AGCTACCTTACTCACTTAACTGACTACTAAGCACTATACGG L
AGCTACGTTACTGACTTTAACTGACTAGTTAGCACNACTCCACT '
TAGCACCTTACTGACTTTAACTGACNCTTAGCACTATACTCCACTTTTT



| 16srRNA

Read quality High Variable
Reference Good Variable /
Database Potentially more
biased

Taxonomic Partially database Database
Assignment independent dependent
Non-bacterial Impossible Database
assignment dependent
Phenotype Assumed Unknown

assessment



Lowest-common ancestor (MEGAN)
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Assighment tends to move up the tree

> D < 9
S S & &
{_\Q‘?o « © R
Example:  bacteria campylobacteracea campylobacter

. . coli
Epsilonproteobacteria campylobacter



What level of taxonomic resolution do

we need?

Depends on what you want

Diagnostics vs. ecology

The functional ecology
promise of metagenomics

might not benefit from species

level analysis
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o) Phenotypic information content



16s vs. random

)—> I E. coli

—_ -2 Assumed biochemical properties of E. coli

Carbohydrate metabolism

Virulence

N\

Stress Response

Secretion

o



SIV Macaque Gut Metagenomics



SIV Study Cohort

******
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# of Reads
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# of Reads

# of Reads

# of Reads

Other Kingdoms
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Virus

Bacteria
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Extreme example

cellular organisms

.Bacteria

root.

Eukaryota

.Archaea
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.Fungi
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.Carbohydrates

.Cofactors, Vitamins, Prosthetic Groups, F

.Virulence

@& sulfur Metabolism

.Stress Response

.Protein Metabolism
.RNA Metabolism

.Motility and Chemotaxis
.Amino Acids and Derivatives
@ nitrogen Metabolism
.Clustering-based subsystems
.Fatty Acids, Lipids, and Isoprenoids
.Nucleosides and Nucleotides
.Cell wWall and Capsule
.Metabolism of Aromatic Compounds

DNA Metabolism

Phages, Prophages, Transposable elems
.Membrane Transport
.Respiration
@ Miscellaneous
.Cell Division and Cell Cycle
.Dormancy and Sporulation
.Regulation and Cell signaling
.Phosphorus Metabolism

Potassiurn metabolism
Mot assigned

Mo hits




Expected composition

Challenges

23 + |

23+9

21 +19




100%
90%
80%
70%
60%
50%
40%
30%

rate

y
N
o
X

10%
0%

GFP gene recover

0.1ng

Subject 1

1.0ng

Subject 4

1.0 ng

0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

0.6

0.5

0.4

0.3

0.2

0.1

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

0.1 ng

0.1ng

Subject 2

1.0 ng

Subject 4

1.0 ng

1.6
1.4

1.2

0.8

0.6

0.4

0.2

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Subject 3

| ———

0.1 ng 1.0 ng
Subject 6

0.1 ng 1.0ng

0.25

0.05

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Bacterial DNA (ng/uL)



mg-RAST



Automated Pipeline*

Metagenome(s)

¥

Demultiplexing

¥

Quality filtering

¥

Dereplication

¥

Model organism
screening

¥

Normalization

¥

Analysis

fasta, fastq, sff

n’s and dynamic trimming

First 50 bp are the same are collapsed

bowtie

*Documentation is poor at best



http://metagenomics.anl.gov/

http://evomics.org/learning/
genomics/metagenomics/mg-rast/






