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Metagenomics - a broad range of applications
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From environment to DNA sequence

Sample
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From environment to DNA sequence
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http://www.ebi.ac.uk/metagenomics
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Overview: EBI Metagenomics Portal

Easy submission

o ©

Submission of
sequence data for
archiving and analysis

—)

Powerful analysis Visualisation
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Data analysis using Data presentation
selected EBI and and visualisation
external software through web

tools interface

EMBL-EBI i




Submitting to EBI Metagenomics

* EBI Metagenomics want to encourage people to supply as much
detailed metadata as possible, but with the lowest possible

overhead
who where, when, what how
[ 5

- p .-
E ) ®

N — platform,

u{smute tomosstios quantity, _ protocol,

‘ me conservation process, filtering and QC,

‘:‘0*"""}’ storage conditions, analysis,

contact treatments, took versions ...

extraction methods ...

* Development of intuitive web-based tools : ENA Webin and ISA tools
« Use of templates and check-lists (MIGS/MIXS standards)
« Tutorial and direct support
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Overview: EMG Portal analysis

Powerful analysis

&

Data analysis using
selected EBI and
external software tools

Provide robust sequence
analysis services to all
metagenomic researchers

> Understand species diversity and
functional potential of a
community
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Metagenomics assembly?

* Metagenomics: Not clear how you avoid assembling
sequences from different species together : chimaera

* No reference sequence to align against
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European Nucleotide Archive
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EMG portal does not used blast based homology methods

Instead reads are compared to models (signatures) generated from multi-
sequences alignments:

* more specific and meaningful annotations

« faster annotation

* rRNASelector identify 5, 16 and 28s rRNA (profile HMM models)
=> 16s-based Qiime taxonomy annotations

 FragGenScan predict CDSs (HMM models)
=> |nterProScan functional annotations (profiles and models)
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Input multiple alignment:

ACG-LD
SCG--E
NCGgFED
TCG-WQ
123-45

Consensus columns assigned,
Defining inserts and deletes:
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Input multiple alignment: Consensus columns assigned,
Defining inserts and deletes:

seql
seq?Z

Seq3
Seqg4

.
" e
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Input multiple alignment: Consensus columns assigned,
Defining inserts and deletes:

seql
seq?

Seq3
Seqgd

.
"o
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Input multiple alignment:

ACG-LD
SCG--E
NCGgFD
TCG-WQ
123-45

Consensus columns assigned,
Defining inserts and deletes:

e
*etete



Input multiple alignment: Consensus columns assigned,
Defining inserts and deletes:

e
*etete




QC processes

5
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sl
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-

Sequences mib
s Detected adapter sequences

Clipping - low quality ends trimmed and adapter sequences removed
Quality filtering - sequences with > 10% undetermined nucleotides removed
Read length filtering - short sequences (< 100 nt) are removed

Duplicate sequences removal — clustered (99% identity UCLUST or 50 nt
similarity Prefix) and representative sequence chosen

Repeat masking - RepeatMasker (open-3.2.2), removes reads with 50% or
more nucleotides masked (low complexity regions)
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QC effects by sequencing platform

In®al reads (784 823)

Reads after sif tnmming and filtering (784 ,823)

Roche 454

Reads after length filtering (722.785)

Reads after ambiguous base filtering (722,784)

Unigque reads after clustering (626,784)

Reads after repeal masking and filtering (624,703)

In®al reads (44 629)

Reads after fasiq tnmming and filtering (40,154)

lon Torrent I Reacs ater tengen fveing (1,946

I Reads after ambiguous base filtering (1,946)
I Unique reads after custering (1,.902)

I Reads after repeat masking and filtering (1,859)

In®al reads (52,283 066)

Reads after fastq trimmung and filtenng (52,081,416)

lllumina

Reads after length filtering (44.429.715)

Reads after ambiguous base fitering (44 .429.715)

Unique reads after clustering (20,875,212)

Reads after repeat masking and fikering (20,975.212)
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EBI Metagenomics: taxonomic analysis
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Common approaches to taxonomic analysis

* ldentification of reads with 16S sequence (e.g. using rRNASelector) and
closed-reference OTU picking in QIIME

* Blast-based analysis.

* E.g. blasting reads against the NCBI non-redundant nucleotide or protein
data databases and inferring taxonomic lineage from the best hit

* The tool MEGAN requires Blast output. A major drawback is that without
preprocessing of NGS datasets and access to a major computational
resource, this is not an option for most.

* MetaPhlAn approach
e (http://huttenhower.sph.harvard.edu/metaphlan)

* relies on unique clade-specific marker genes identified from 3,000
reference genomes

» fast, but limited to certain types of study (mainly human microbiome)
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http://huttenhower.sph.harvard.edu/metaphlan

Taxonomic analysis

Currently only taxonomy analysis for Prokaryotes
rRNA sequences are identified using rRNASelector:
e hidden Markov models to identify rRNA sequences
e 60 bp minimum overlap with curated HMM model

e E-value <10

Annotations are associated using Qiime:
* rRNA are annotated using the Greengenes reference database
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EBI Metagenomics: functional analysis

— reads
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EBI Metagenomics: functional annotation

The pipeline uses FragGeneScan to predict CDSs directly from the
reads:
e hidden Markov models to correct frame-shift using codon usage

e probabilistic identification of start and stop codons
e 60 bp minimum ORF

Annotation is carried out using InterProScan with a subset of InterPro’s
databases

e analysis speed

e ability to cope with sequence fragments

EMBL-EBI i



The benefits of InterPro

Hldden Markov Models

Structural Functional annotation of families/domains Protein features
domains (sites)
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Using InterPro for annotation

e Underlies automated systems that annotate UniProtKB/TrEMBL

* Provides matches to 90 million proteins - over 80% of UniProtKB

e Source of ~ 170 million GO mappings for ~ 50 million distinct

UniProtKB sequences

Annotation consistency

e Using InterPro and GO allows direct comparison with proteins in
UniProtKB
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InterPro in the Metagenomics Portal

Hidden Markov Models Fingerprints

Structgral Functional annotation of families/domains Protem_ features
domains (sites)
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Annotations without assembly
Re-analysis of Hess et al, Science (2011) 331:463
Metagenomic Discovery of Biomass-Degrading Genes and Genomes from Cow Rumen

Comparison of the normalised number of genes / reads corresponding to CAZy
Glycoside Hydrolase Family from the Hess et al paper and from the EMG pipeline.

Normalised data (corrected files)
| EMG

' Hess
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Hess et al: genome assembly then gene prediction using a subset of Pfam.
EMG pipeline: no assembly and gene prediction using InterPro.

Discrepancies are due to the different ways in which significance cut-off are calculated.
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Visualising data: GO Slims

. Cut-down versions of the GO containing a subset of terms

e Give a broad overview of the ontology content without the detail

of the specific fine-grained terms
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Metagenomics - Big Data

© Speed is really important! MAY

Submitted nucleotide sequences: 27,509,856,436
Average length per sequence: 120 nt

Predicted CDS: 8,167,600,355

Total InterProScan matches: 1,866,871,818

Number of different samples: 2,808

99.8% of this data arrived and was processed in the last two years.

96.5% of it is publicly available via the website.




Metagenomics - Big Data

* Speed is really important! MONDAY

Submitted nucleotide sequences: 43,315,534,332
Average length per sequence: 120 nt

Predicted CDS: 17,301,862,307

Total InterProScan matches: 3,276,195,744
Number of different samples: 4,330

99.8% of this data arrived and was processed in the last two years.

96.5% of it is publicly available via the website.




Downstream analysis: download options

Overview Quality control Taxonomy analysis Functional analysis Download

You can downioad In this section the full set of analysis resuits files and the onginal raw sequence reads

Sequence data

+ 4 $ + L N +

Functional Analysis

e relatively small result files: can be used for
« GO siim annotation (CSV downstream analysis with other tools
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Overview: EMG Portal output

Visualisation
- Assist laboratory researchers

: handle and make sense of
massive volumes of sequence
—— ] data

f

1o

Data presentation and
visualisation through
web interface

> Do this by designing intuitive, user-
friendly web interfaces

> Browse, visualise and download
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A core gut mecrobiome in obese and lean twins
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EBI Metagenomics: QC tab
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EBI Metagenomics: taxonomy analysis tab
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EBl Metagenomics: functional analysis tab
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Sample Comparisons
* https://www.ebi.ac.uk/metagenomics/compare

4“‘
L) H .
w @ EBI Metagenomics

-

Home  Submit data | Projects Samples | Co

seckoquery pege  Sample comparison tool: GO term annotation (functional analysis)

« Samples: SRS001000, SRS001913
o Project HOT station, Central North Pacific Gyre, ALOHA (SRP000110)

= Barcharts g Sracked columns q Heatrmap [,: Principal Components Analysia Eﬁ Table

Sample st i o hoe
W 5R5001909 [ SRS001913 sva

Bological process Modecular function Cellwlar component

cetyrrarsierase "
3 yera L MHTwey ap-binding camette (abc) tra
ATerOaCy! - raa Bgase ahwiy
Fpase acowey

v ‘
cstacree o [

Cyttnbutietal proten binding

dna polymerase acowiy

EMBL-EBI



https://www.ebi.ac.uk/metagenomics/compare
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https://wwwdev.ebi.ac.uk/metagenomics/compare
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Taxonomic distributions
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EBl Metagenomics: application of taxonomy

analysis
Sutton et al, Appl. Environ. Microbiol (2013), 79(2):619

Impact of Long-Term Diesel Contamination on Soil Microbial Community Structure.
Alpha diversity analysis
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Show much of the microbial community has
been sequenced?

100

80 -
60 Posterior fornix [SRS023466]
E 2 @ Anterior nares [SRS147950]
: 3@ Stool [SRS015540]
405

4 @ Tongue dorsum [SRS055495]
5B Lake Lanier [SRR948155]
6 @ Baltic Sea (21m) [SRS291372]
E Tibet soil [SRR1023760]
E Peru tropical forest (Manu Park)

Estimated average coverage (%)

1 Mb 10 Mb 100 Mb 1Gb 10 Gb 100 Gb 1Tb
Sequencing effort

Rodriguez-R and Konstantinidis, ISMEJ, 2014 1-3
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Metagenomics - Human gut microbiome

Inflammatory Bowel Disease (I1BD)

Healthy Colon Ulcerative Colitis  Crohn’s Disease

Susceptibility to inflammatory bowel disease (IBD) :
Friedreich ataxia (frataxin; fxn)

YdjC-like (unpublished data from Lawley Lab)
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Homology and evolution
® YdjC gene from E.coli

e Chitooligosaccharide deacetylase
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Homology and evolution
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Homology and evolution
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